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Application ID: CLD026441272 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

Outdated refrigeration cases are upgraded in this 69,818 square foot supermarket with electrically 

commutated motors [ECM] on evaporator fans and zero energy doors with reduced energy frames. No 

interactive refrigeration savings were calculated for this project.  

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 128,449 kWh is 336% of the tracking estimates. Summer on-peak demand savings are 905% of 

the tracking estimates and winter on-peak demand savings are 327% greater than anticipated.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 
Estimate 

Evaluation 
Estimate 

Evaluation / 
Tracking 

Annual Energy (kWh) 38,283 128,449 336% 

% Energy Savings On-Peak 0.0% 46.6% N/A 

Summer On-Peak Demand (kW) 1.66 15.03 905% 

Winter On-Peak Demand (kW) 4.37 14.29 327% 

Project Description 

Efficient medium temperature refrigeration cases and low temperature freezer cases are installed with 

ECM’s and low-heat door frames with reduced wattage anti-condensate heaters [ACH].  These ACH’s are 

electric embedded resistance elements that warm the glass and frame and raise the dew point temperature.  

This prevents moisture in the air from condensing on the glass and metal surfaces.  Moisture on the door 

glass obscures the view of the product and provides damp surfaces for customers.  Moisture on the door 

frames can turn to ice, making the door difficult to open and prevent the door from sealing upon closure. 

70 cases are retrofitted; 248 ECM’s on evaporator fans and 33 ACH’s.  Only the low temperature freezer 

cases are retrofitted with ACH’s. The savings are based upon less efficient refrigeration and freezer cases 

with the existing units having standard shaded pole evaporator fans.  

The store operates Monday through Saturday from 6:00 am to 11:00 pm and on Sundays from 7:00 am to 
9:00 pm. 
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Tracking Analysis 

Tracking Calculation Methodology 

Energy savings and demand reduction estimates were calculated using an Excel spreadsheet analysis. The 

spreadsheet contains lookup wattages for anti-condensate heaters and ECM’s for both the pre-existing and 

installed equipment.  These wattages are taken from manufacturer’s specifications.  No interactive 

refrigeration savings were included in the tracking savings. 

With the motor kW provided for each case size and number of motors, the demand savings for the ECMs 

are calculated below: 

kWecm = (kWbase – kWinst) x Qtycase 

Where: 

kWecm = kW saved by the electrically commutated motors 

kWbase = standard motor kW  

kWinst = electrically commutated motor kW 

Qtycase = Quantity of cases 

 

To calculate kWh savings: 

kWhECM = kWecm x HrsECM)/1000 

Where: 

kWhECM = annual ECM energy savings 

kWecm = kW saved by the electrically commutated motors 

HrsECM = ECM annual operating hours 

1,000 = Watts per kW 
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KW savings for the ACH’s are calculated by taking the difference between the total existing and installed 

ACH demand. The pre-existing and installed demand values are also given in TA analysis spreadsheet 

and are calculated below;  

kWACH = kWbase - kWinst 

Where:  

kWACH = anti-condensate heater kW savings 

kWbase = total existing ACH kW 

kWinst = total installed ACH kW 

To calculate kWh savings: 

kWhACH = (kWACH x HrsACH)/1000 

Where: 

kWhACH = annual ACH energy savings 

kWACH = anti-condensate heater kW savings 

HrsACH = ACH annual operating hours 

1,000 = Watts per kW 

Discussion of Tracking Analysis 

The tracking energy savings is based upon the TA’s specifications for the pre-existing and installed cases.  

The calculation spreadsheet subtracts the kW of the installed ECH from the kW for the less efficient 

baseline motor.  This difference is multiplied by the number of cases.  However, each case also has a 

number of motors.  The tracking savings are based upon one motor per each of the 70 cases.  The actual 

motor count is 248.  The tracking savings omit the operation of 178 ECMs.  Recalculating the tracking 

savings using the 248 ECMs increases the tracking savings to 113,559 kWh per year for the ECMs and 

ACH. 

The connected loads for the ACH are correct in the calculations.  Continuous operation [8,760 hours per 

year] is applied to the ECM’s and ACH’s.   
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The tracking winter On-Peak demand is savings 4.37 kW.  This is also the total kW saved by this project.  

The tracking summer On-Peak demand savings is 1.66 kW.  This is 38% of the total kW savings.  The 

source of the summer demand savings is unclear. 

Baseline Validity 

Tracking savings are based upon the TA’s specifications for the pre-existing and retrofitted cases. This 

represents the actual power requirements for the cases.  The baseline specifications used for this measure 

are valid. The correct quantities were collected but not used in the calculations. 

Evaluation Methodology 

A comprehensive site visit was conducted. The evaluation included a complete inventory of the number 

of installed medium temp and low temp cases, as well as specifications of anti-condensate heaters.  

Elite power loggers were installed to monitor the operation of the ACH circuits and a representative 

sample of the ECM circuits for both the medium and low temp cases.  The monitored data provided the 

operating schedule for the heaters and motors as well as the average hourly power consumption. 

Instantaneous power measurements were also taken during the retrieval site visits. 

Monitored data from the Elite power loggers were converted into average hourly kW values.  These 

values are unique for each hour of the day and each day of the week. A “typical” weekly operating 

schedule was created from the data for the ACH heaters.  That schedule is provided in the Table 2 below. 
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Table 2:  Weekly ACH Operating Schedule 

 
 
Weekly operating schedules were also created for the electrically commutated evaporator fan motors.  
Table 3 contains the schedule for the frozen food case fans.  The non-frozen fan schedule is provided in 
Table 4. 

 

 

Hour Sun Mon Tue Wed Thu Fri Sat
1 1.39 1.40 1.40 1.39 1.40 1.40 1.39
2 1.39 1.39 1.40 1.39 1.40 1.40 1.40
3 1.41 1.40 1.42 1.41 1.44 1.43 1.42
4 1.45 1.44 1.45 1.44 1.47 1.47 1.48
5 1.48 1.47 1.48 1.48 1.49 1.49 1.49
6 1.49 1.49 1.49 1.48 1.49 1.49 1.49
7 1.34 1.33 1.34 1.31 1.32 1.33 1.34
8 1.41 1.40 1.40 1.40 1.41 1.42 1.40
9 1.43 1.46 1.46 1.46 1.47 1.46 1.46
10 1.40 1.42 1.40 1.37 1.39 1.40 1.41
11 1.49 1.49 1.50 1.49 1.49 1.49 1.49
12 1.49 1.49 1.49 1.49 1.48 1.49 1.49
13 1.49 1.49 1.49 1.49 1.49 1.50 1.49
14 1.49 1.50 1.49 1.49 1.49 1.50 1.49
15 1.49 1.50 1.49 1.50 1.50 1.50 1.50
16 1.49 1.49 1.49 1.49 1.50 1.50 1.49
17 1.49 1.49 1.49 1.49 1.50 1.50 1.49
18 1.49 1.50 1.49 1.49 1.50 1.50 1.49
19 1.45 1.50 1.49 1.50 1.50 1.50 1.49
20 1.49 1.50 1.49 1.49 1.50 1.50 1.49
21 1.49 1.50 1.49 1.49 1.49 1.50 1.49
22 1.49 1.49 1.48 1.49 1.48 1.49 1.49
23 1.49 1.49 1.48 1.49 1.48 1.49 1.49
24 1.48 1.48 1.48 1.48 1.48 1.49 1.48

Evaluation Average Hourly ACH kW
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Table 3:  Weekly Frozen ECM Operating Schedule 

 
 
 
 
 
 
 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.094 0.094 0.093 0.093 0.093 0.094 0.093
2 0.094 0.093 0.093 0.093 0.093 0.093 0.094
3 0.095 0.094 0.093 0.093 0.094 0.094 0.094
4 0.094 0.095 0.094 0.094 0.094 0.094 0.094
5 0.095 0.095 0.095 0.094 0.095 0.095 0.095
6 0.095 0.095 0.096 0.094 0.095 0.095 0.095
7 0.095 0.095 0.096 0.094 0.095 0.095 0.095
8 0.094 0.095 0.095 0.094 0.094 0.095 0.094
9 0.095 0.095 0.095 0.094 0.094 0.095 0.094
10 0.094 0.094 0.094 0.093 0.093 0.094 0.094
11 0.094 0.093 0.093 0.092 0.092 0.093 0.094
12 0.093 0.093 0.092 0.092 0.092 0.094 0.093
13 0.093 0.094 0.091 0.093 0.093 0.095 0.093
14 0.094 0.094 0.092 0.094 0.094 0.094 0.094
15 0.094 0.094 0.093 0.094 0.094 0.094 0.094
16 0.094 0.094 0.093 0.094 0.095 0.094 0.094
17 0.094 0.095 0.094 0.094 0.095 0.094 0.094
18 0.094 0.095 0.094 0.094 0.095 0.094 0.094
19 0.094 0.095 0.094 0.094 0.095 0.095 0.094
20 0.094 0.095 0.092 0.093 0.094 0.094 0.093
21 0.093 0.094 0.091 0.092 0.092 0.093 0.093
22 0.093 0.094 0.091 0.092 0.091 0.093 0.093
23 0.093 0.094 0.092 0.092 0.091 0.094 0.093
24 0.094 0.094 0.092 0.093 0.092 0.094 0.093

Evaluation Average Hourly Frozen ECM kW
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Table 4:  Weekly Non-Frozen ECM Operating Schedule 

 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The savings for each hour are summed to 

calculate annual savings.  Summer and winter peak demand savings are generated for the hours in those 

periods using the unique hourly values.  The hourly kW difference is also converted to equivalent BTUs 

and then to tons of refrigeration to estimate savings at the compressors. 

Evaluation Data Collection 

The quantity and location of the installed cases was confirmed. The site process included identifying the 

ACH and ECM circuits, identifying the refrigerated cases assigned to the circuits from on site system 

schematics, verifying unit type and fan/door/ACH counts on the floor to the documentation.  Only circuits 

that were clearly defined were incorporated into the monitoring.  The ACH’s were installed on low 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.054 0.054 0.053 0.053 0.053 0.054 0.054
2 0.054 0.054 0.053 0.053 0.054 0.053 0.054
3 0.053 0.053 0.052 0.053 0.053 0.053 0.053

4 0.054 0.054 0.053 0.053 0.053 0.053 0.054
5 0.054 0.054 0.054 0.054 0.054 0.054 0.054
6 0.054 0.054 0.055 0.054 0.054 0.054 0.054
7 0.054 0.054 0.055 0.054 0.054 0.054 0.054
8 0.054 0.054 0.054 0.054 0.054 0.054 0.054
9 0.054 0.054 0.054 0.054 0.054 0.054 0.054
10 0.053 0.053 0.053 0.053 0.054 0.053 0.053
11 0.053 0.052 0.052 0.052 0.052 0.052 0.052
12 0.052 0.052 0.052 0.052 0.052 0.053 0.052
13 0.053 0.053 0.052 0.053 0.053 0.053 0.053
14 0.054 0.054 0.053 0.054 0.054 0.054 0.054
15 0.054 0.054 0.053 0.054 0.054 0.054 0.054
16 0.054 0.054 0.053 0.053 0.054 0.054 0.054
17 0.054 0.054 0.053 0.053 0.054 0.054 0.054
18 0.054 0.054 0.053 0.054 0.054 0.054 0.054
19 0.054 0.054 0.053 0.054 0.054 0.054 0.054
20 0.054 0.054 0.053 0.053 0.054 0.054 0.054
21 0.053 0.054 0.052 0.053 0.053 0.053 0.053
22 0.053 0.053 0.052 0.053 0.053 0.053 0.053
23 0.053 0.053 0.053 0.053 0.053 0.054 0.053
24 0.054 0.054 0.053 0.053 0.053 0.054 0.053

Evaluation Average Hourly Non Frozen ECM kW
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temperature frozen food cases as stated in the tracking documentation. The ECM’s were installed in the 

low temp and medium cases. The make and model of the refrigeration rack system was also noted. 

The Elite power loggers were installed on November 20, 2012.  It recorded average volts, amps, and kW 

every 10-minutes throughout the 71 day monitoring period. The instantaneous power readings were taken 

to help identify the proper circuit and to provide an estimated ACH power load in case the monitoring 

failed.  The instantaneous ECM readings were used along with manufacturer cut sheets and the TA’s 

spreadsheets to differentiate between the monitored low and medium temp cases.   

Evaluation Savings Analysis 

Anti-condensate Heaters 

An Elite power logger monitored for ACH circuits. These instantaneous readings were consistent with the 

long tracking estimates. The evaluation shows that the total anti-condensate heater load is less than what 

was assumed by the TA (1.46 kW on site compared to 1.57 kW in tracking).  The Elite logger confirmed 

the continuous operation of the anti-condensate heaters. 

Electrically Commutated Motors 

An Elite logger monitored four ECM circuits.  Two circuits were on the low-temperature freezers [17 

motors] and three circuits were on medium temperature showcases [33 motors].  The monitored data 

initially showed a 20% to 25% greater average consumption than was anticipated when compared to the 

specifications provided for the installed motors.  The product review was conducted on the installed 

equipment.  This data shows that frame/rail heaters are included in each showcase and that these loads are 

included in the evaporator fan circuits.  These heaters operate continuously.  This finding is consistent 

with investigations conducted by other evaluators on evaporator fans and frame heaters.    

The average frame heater load is estimated at 22.5% of the total load of those circuits.  The monitored 

power was reduced by that amount to estimate the connected load for the fans. Correcting for the frame 

heaters, the total connected monitored load for the ECMs [19.18 kW] is 9.0% greater that the corrected 

tracking estimate [17.50 kW].   

Annual savings were calculated using an 8,760 hour spreadsheet. The power data obtained from the Elite 

power logger provides a kW value for each operating hour of the year. That value is subtracted from the 

verified baseline kW.  This calculates savings for each hour.  Hourly savings were summed to generate 

annual savings.  Summer and winter demand savings were calculated for the hours in those periods.  The 

savings for day one are provided in Table 5 below. 
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Table 5: Calculation Spreadsheet 

 

Performance data was obtained for the refrigeration system.  A regression analysis formula was created 

between the total refrigeration power [compressors and condenser fans] and outside air wet bulb 

temperatures.  Efficiencies for the system ranged from 1.02 kW/ton at 0°F wb to 1.52 kW/ton at 74°F wb. 

A portion of the heat generated by the ACH system is transmitted back into the reach-in cases while all of 

the heat generated from the ECM’s is transmitted into the case.  The reduction in ACH power also 

reduces the quantity of this waste heat that must be removed by the compressors. The savings kW is 

converted to BTUs and then into refrigeration tons. The regression analysis formula then provides the 

efficiency in kW per ton to generate the refrigeration savings for the ACH.  

kWref = ((kWsave x 3.413 x 50%)/12,000) x Eff 

where 

kWref = refrigeration kW savings 

kWsave = kW saved for the anti-condensate heaters 

3.413 = BTUs per kW 

Min 1.31 12.75 5.57 19.87 2.71 19.18 9.73 31.62 2.57 13.63
Max 1.50 13.27 5.87 20.62 2.71 19.18 9.73 31.62 3.26 14.70

Totals Totals 12,813 114,938 50,594 178,345 23,766 168,008 85,242 277,016 29,778 128,449
Worcester MA TMY 3 Temps Average 1.46 13.12 5.78 20.36 2.71 19.18 9.73 31.62 3.40 14.66

Date Month Day
ODB 
Temp Hour

Site kW 
ACH

Site kW 
ECM 

Frozen

Site kW 
ECM Non-

Frozen
Site Total 

kW
Baseline 
kW ACH

Baseline 
kW ECM 
Frozen

Baseline 
kW Non-
Frozen 
ECM

Total 
Basline 

kW
Refrigeration 

savings
Total kWh 

Savings
1/1/2011 Jan Sat 29 1 1.39 13.08 5.79 20.26 2.71 19.18 9.73 31.62 3.21 14.57
1/1/2011 Jan Sat 28 2 1.40 13.18 5.82 20.39 2.71 19.18 9.73 31.62 3.17 14.40
1/1/2011 Jan Sat 28 3 1.42 13.16 5.74 20.32 2.71 19.18 9.73 31.62 3.19 14.50
1/1/2011 Jan Sat 27 4 1.48 13.20 5.79 20.47 2.71 19.18 9.73 31.62 3.16 14.31
1/1/2011 Jan Sat 27 5 1.49 13.25 5.85 20.59 2.71 19.18 9.73 31.62 3.12 14.16
1/1/2011 Jan Sat 26 6 1.49 13.27 5.87 20.62 2.71 19.18 9.73 31.62 3.11 14.11
1/1/2011 Jan Sat 26 7 1.34 13.24 5.86 20.43 2.71 19.18 9.73 31.62 3.15 14.34
1/1/2011 Jan Sat 27 8 1.40 13.21 5.85 20.45 2.71 19.18 9.73 31.62 3.15 14.32
1/1/2011 Jan Sat 29 9 1.46 13.22 5.85 20.52 2.71 19.18 9.73 31.62 3.14 14.24
1/1/2011 Jan Sat 30 10 1.41 13.16 5.73 20.30 2.71 19.18 9.73 31.62 3.20 14.52
1/1/2011 Jan Sat 30 11 1.49 13.13 5.67 20.29 2.71 19.18 9.73 31.62 3.21 14.54
1/1/2011 Jan Sat 31 12 1.49 13.04 5.67 20.20 2.71 19.18 9.73 31.62 3.24 14.66
1/1/2011 Jan Sat 31 13 1.49 13.02 5.70 20.21 2.71 19.18 9.73 31.62 3.23 14.64
1/1/2011 Jan Sat 30 14 1.49 13.11 5.82 20.42 2.71 19.18 9.73 31.62 3.17 14.38
1/1/2011 Jan Sat 30 15 1.50 13.16 5.82 20.48 2.71 19.18 9.73 31.62 3.16 14.30
1/1/2011 Jan Sat 29 16 1.49 13.12 5.81 20.42 2.71 19.18 9.73 31.62 3.17 14.38
1/1/2011 Jan Sat 27 17 1.49 13.15 5.81 20.45 2.71 19.18 9.73 31.62 3.17 14.34
1/1/2011 Jan Sat 26 18 1.49 13.16 5.81 20.46 2.71 19.18 9.73 31.62 3.16 14.33
1/1/2011 Jan Sat 24 19 1.49 13.16 5.81 20.47 2.71 19.18 9.73 31.62 3.16 14.32
1/1/2011 Jan Sat 22 20 1.49 13.07 5.79 20.36 2.71 19.18 9.73 31.62 3.19 14.46
1/1/2011 Jan Sat 19 21 1.49 12.96 5.75 20.21 2.71 19.18 9.73 31.62 3.23 14.65
1/1/2011 Jan Sat 17 22 1.49 12.96 5.74 20.19 2.71 19.18 9.73 31.62 3.23 14.67
1/1/2011 Jan Sat 16 23 1.49 13.05 5.78 20.32 2.71 19.18 9.73 31.62 3.19 14.49
1/1/2011 Jan Sat 15 24 1.48 13.01 5.77 20.27 2.71 19.18 9.73 31.62 3.20 14.56
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50% = percentage of ACH heat transmitted back to the reach-in cases 

12,000 = BTUs per ton of refrigeration 

Eff = efficiency of the refrigeration compressors in kW/ton as calculated using the regression analysis 

formula = 4E-06x3 - 0.0003x2 + 0.0073x + 0.9961 for the specific hourly wet bulb temperature (x).  

The regression analysis formula for the ECM’s is the same for the ACH’s without a percentage of waste 

heat transmitted back into the cases. This is because the ECM is built into the case and waste heat has 

nowhere else to go but inside.  

The following set of graph show weekly operating profiles as well as operation during the monitored 

period of the frozen ECM’s, non-frozen ECM’s, and ACH’s.  

Figure 1 below shows the daily operating profiles of the monitored anti-condensate heaters and that they 

operate 8,760 hrs.   

Figure 1: ACH Operating Profile 

 

 

Figure 2 shows the monitoring profile of the anti-condensate heaters throughout the monitored period.   
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Figure 2: ACH Monitoring Profile 

 

 

The next set of graphs illustrates the operating and monitored profiles of the ECM’s in the frozen and 
non-frozen cases. Figure 3 shows the weekly operation of the low temperature case ECMs. Figure 4 
shows that operation throughout the monitoring period.  They confirm the 8,760 hours of annual 
operation. 

Figure 3: Frozen ECM Operating Profile 
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Figure 4: Frozen ECM Monitoring Profile 

 

Figure 5 and Figure 6 present the same operational data for the medium temperature non-frozen cases. 
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Figure 5: Non-Frozen ECM Operating Profile 

 

Figure 6: Non-Frozen ECM Monitoring Profile 
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Verification of Equipment and Operating Parameters 

Table 6 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 6:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

Number of ACH 33 33 100% 

Existing ACH kW 2.71 2.71 100% 

Installed ACH kW 1.57 1.46 93% 

Annual ACH Operating Hours 8,760 8,760 100% 

Number of Frozen ECM 34 143 421% 

Existing Frozen ECM kW 4.29 19.59 457% 

Installed Frozen ECM kW 2.86 13.12 459% 

Number of Non-Frozen ECM 36 105 292% 

Existing Non-Frozen ECM kW 3.02 9.31 308% 

Installed Non-Frozen ECM kW 1.22 5.78 473% 

Annual ECM Operating Hours 8,760 8,760 100% 

Annual Refrigeration kWh Savings 0 29,778 N/A 

The major source of the savings variance is the omission of 178 electrically commutated motors from the 

savings calculations with a total connected baseline load of 21.59 kW.  The number of cases was used to 

estimate both the baseline and installed operating conditions.  The cases contain varying numbers of 

ECMs corresponding to the size of the unit.  Monitoring confirms the continuous operation of the ECMs. 

This resulted in understating energy savings by 75,269 kWh per year. 

Interactive refrigeration savings were not included in the tracking savings. The reduction in waste heat 

attributed to the more efficient motors and lower wattage anti-condensate heaters represent a reduction of 

refrigeration load at the compressors.  The evaluation calculates an annual reduction of 26,500 ton-hours 

of refrigerated cooling. 

The anti-condensate heaters are operating at 7.0% less power than the tracking estimates.  The EMS’s are 

operating at 9.0% greater load than the corrected baseline calculations. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 38,289 kWh.  The evaluation estimates 

annual energy savings to be 128,449 kWh, resulting in an annual energy savings realization ratio of 
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335%.  The major savings variance is due the tracking calculation omission and not including the 

interactive refrigeration loads as discussed above.  

No on-peak energy savings percentage was provided for the tracking.  The evaluation calculates on-peak 

energy savings at 46.6%.   

The summer demand peak reduction is estimated in the tracking analysis to be 1.66 kW.  The evaluation 

estimates the summer demand peak power reduction to be 15.03 kW. The source of the tracking summer 

on-peak demand savings is unclear.  

The winter demand peak reduction is estimated in the tracking analysis to be 4.37 kW, and the evaluation 

found this value to be 14.29 kW, resulting in a realization ratio of 327%. This difference is due to the 

increase number of fans in the evaluation savings and from calculating interactive refrigeration savings 

using hourly wet bulb temperatures.   
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Application ID: Cape Light – CLD018660063R 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

Standard efficiency evaporator fan motors are replaced with electrically commutated motors in this 

35,000 ft2 supermarket. The efficient fan motors are installed in the reach-in refrigerated cases and in the 

walk-in boxes. The tracking savings include a typographical error.  Annual energy savings for the walk-in 

boxes are calculated at 54,084 kWh.  The savings were entered as 540,840 kWh.  The 75,686 kWh 

savings from the reach-in cases are added to this value to create the 616,526 kWh tracking savings.  

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 163,352 kWh is 26% of the tracking estimates. Summer on-peak demand savings are 584% of 

the tracking estimates and winter on-peak demand savings are 213% greater than anticipated.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 
Estimate 

Evaluation 
Estimate 

Evaluation / 
Tracking 

Annual Energy (kWh) 616,526 163,352 26% 

% Energy Savings On-Peak 0.0% 46.1% N/A 

Summer On-Peak Demand (kW) 3.27 19.08 584% 

Winter On-Peak Demand (kW) 8.60 18.30 213% 

Project Description 

Existing evaporator fans are replaced with efficient electrically commutated motors.  Two hundred and 

eighty eight motors are replaced in the refrigerated reach-in boxes.  The existing fans were rated at 46 

Watts each.  Replacement fans are rated at 14 Watts each.  An additional 80 evaporator fans are replaced 

in the walk-in coolers.  This includes 22 fans [108 Watts existing and 46 Watts proposed], 28 fans [128 

Watts existing and 46 Watts proposed], and 9 fans [210 Watts existing and 122 Watts proposed].  All 

evaporator fans operate 8,760 hours in the existing and proposed scenarios.  The savings are for the fans 

only and do not include any interactive refrigeration savings.  

Tracking Analysis 

Tracking Calculation Methodology 
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Energy savings and demand reduction estimates were calculated using an Excel spreadsheet analysis. The 
spreadsheet contains lookup wattages for evaporator fan motors for both the existing and installed 
equipment.  These values are from manufacturers data based upon the showcase type. The difference 
between the existing and installed wattages was multiplied by the annual fan operating hours to estimate 
savings.  

There are 288 reach-in refrigerated case motors and 80 walk-in box motors. The savings for each are 
calculated below: 

�������� = 	∑	((����	– 	����)/1000	�	���������)	

Where:  

kWmotors = Total ECM kW Savings 

Wbase = Standard Motor Wattage 

WECM = Electrically Commutated Motor Wattage 

1000 = Watts per kW  

Qtymotors = Quantity of motors 

To calculate the kWh savings:  

��ℎ	 = 	∑	(��������	�	��������)	

Where: 

kWh = Total ECM Energy Savings 

kWmotors = kW Savings per Case 

HrsAnnual = Annual ECM Operating Hours 

No interactive refrigeration savings is included in the tracking savings.  The evaporator fans are located 
within the refrigerated cases and walk-in boxes.  The reduction in connected fan load also results in a 
reduced refrigeration load at the compressors. 

Discussion of Tracking Analysis 

The tracking energy savings is based upon the TA’s specifications for the pre-existing and installed 

electrically commutated motors.  The calculation spreadsheet subtracts the kW of the installed ECMs 
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from the kW for the less efficient baseline motor.  This difference is multiplied by the number of motors.  

All ECMs operate 8,760 hours per year. The source of the summer and winter demand savings is unclear.  

The use of manufacturing specifications and observed operation is a valid calculation methodology. 

Baseline Validity 

Tracking savings are based upon the TA’s specifications for the pre-existing and retrofitted cases. This 

represents the actual power requirements for the cases.  The baseline specifications used for this measure 

are valid. 

Evaluation Methodology 

A comprehensive site visit was conducted. The evaporator fan circuits for reach-in cases and walk-in 

boxes were identified.  The circuits were compared with equipment layout diagrams.  The reach-in cases 

and walk-in boxes controlled by the circuits were examined to determine the number of fans on each 

circuit. Site personnel were interviewed to obtain operational information on the store and equipment.  

Two Elite power loggers were installed to monitor the operation of the ECMs. One logger monitored the 

operation of the reach-in cases and the second logger was assigned to walk-in box fans.  Instantaneous 

power readings were also taken on each of the monitored circuits. 

Monitored data from the Elite power loggers were converted into average hourly kW values.  These 

values are unique for each hour of the day and each day of the week. A “typical” weekly operating 

schedule was created from the data for the ECMs.  The schedule for the walk-in coolers is provided in the 

Table 2 below. 
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Table 2:  Weekly Walk-In ECM Operating Schedule 

 
 
Table 3 contains the schedule for the reach-in case fans.  

 

 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.049 0.049 0.049 0.049 0.049 0.049 0.049
2 0.049 0.049 0.049 0.049 0.049 0.049 0.049
3 0.049 0.049 0.049 0.049 0.049 0.049 0.049
4 0.049 0.049 0.049 0.049 0.049 0.049 0.049
5 0.049 0.049 0.049 0.049 0.049 0.049 0.049
6 0.049 0.049 0.049 0.049 0.049 0.049 0.049
7 0.049 0.049 0.048 0.048 0.048 0.048 0.049
8 0.049 0.049 0.048 0.048 0.048 0.048 0.048
9 0.048 0.048 0.048 0.048 0.048 0.048 0.048
10 0.048 0.049 0.049 0.049 0.048 0.048 0.048
11 0.048 0.048 0.049 0.049 0.048 0.048 0.048
12 0.048 0.049 0.049 0.049 0.049 0.048 0.048
13 0.048 0.049 0.049 0.049 0.049 0.048 0.048
14 0.048 0.049 0.049 0.049 0.049 0.048 0.048
15 0.048 0.049 0.049 0.049 0.049 0.048 0.048
16 0.048 0.049 0.049 0.049 0.049 0.048 0.048
17 0.048 0.048 0.049 0.048 0.048 0.048 0.048
18 0.048 0.048 0.048 0.048 0.048 0.048 0.048
19 0.048 0.048 0.048 0.048 0.048 0.048 0.048
20 0.048 0.049 0.048 0.048 0.048 0.046 0.048
21 0.048 0.049 0.049 0.048 0.048 0.048 0.048
22 0.049 0.049 0.048 0.048 0.049 0.048 0.048
23 0.049 0.049 0.049 0.049 0.049 0.049 0.049
24 0.049 0.049 0.049 0.049 0.049 0.049 0.049

Evaluation Walk-In Hourly Fan kW
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Table 3:  Weekly Frozen ECM Operating Schedule 

 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The savings for each hour are summed to 

calculate annual savings.  Summer and winter peak demand savings are generated for the hours in those 

periods using the unique hourly values.  The hourly kW difference is also converted to equivalent BTUs 

and then to tons of refrigeration to estimate savings at the compressors. 

Evaluation Data Collection 

The quantity and location of the installed cases was confirmed. The site process included identifying the 

evaporator fan circuits, identifying the refrigerated cases assigned to the circuits from onsite system 

schematics, and matching unit type and fan/door counts on the floor to the documentation.  Only circuits 

that were clearly defined were incorporated into the monitoring.  . The ECM’s were installed in the low 

temp and medium cases and on the walk-in boxes. The make and model of the refrigeration rack system 

was also noted. 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.018 0.019 0.019 0.019 0.019 0.019 0.019
2 0.018 0.019 0.019 0.019 0.019 0.019 0.019
3 0.018 0.019 0.019 0.019 0.019 0.019 0.019
4 0.018 0.019 0.018 0.019 0.019 0.019 0.019
5 0.018 0.019 0.018 0.019 0.019 0.019 0.019
6 0.018 0.019 0.019 0.019 0.019 0.019 0.019
7 0.018 0.019 0.018 0.019 0.018 0.019 0.019
8 0.018 0.018 0.018 0.018 0.018 0.018 0.019
9 0.018 0.018 0.018 0.018 0.018 0.018 0.018
10 0.018 0.018 0.018 0.018 0.018 0.018 0.018
11 0.018 0.018 0.018 0.018 0.018 0.018 0.018
12 0.018 0.018 0.018 0.018 0.018 0.018 0.018
13 0.018 0.018 0.018 0.018 0.018 0.018 0.018
14 0.018 0.018 0.018 0.018 0.018 0.018 0.018
15 0.018 0.018 0.018 0.018 0.018 0.018 0.018
16 0.018 0.018 0.018 0.018 0.018 0.018 0.018
17 0.018 0.018 0.018 0.018 0.018 0.018 0.018
18 0.018 0.018 0.018 0.018 0.018 0.018 0.018
19 0.018 0.018 0.018 0.018 0.018 0.018 0.018
20 0.018 0.018 0.018 0.018 0.018 0.017 0.018
21 0.018 0.018 0.018 0.018 0.018 0.018 0.018
22 0.018 0.018 0.018 0.018 0.018 0.018 0.018
23 0.014 0.014 0.014 0.014 0.014 0.014 0.014
24 0.009 0.009 0.009 0.009 0.009 0.009 0.009

Evaluation Reach-In Hourly Fan kW
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The Elite power loggers were installed on December 19, 2012.  They recorded average volts, amps, and 

kW every 10-minutes throughout the 70 day monitoring period. The instantaneous power readings were 

taken to help identify the proper circuit and to provide an estimated ECM power load in case the 

monitoring failed.   

Evaluation Savings Analysis 

Electrically Commutated Motors 

An Elite logger was installed to monitor the operation of the walk-in box ECMs. The areas included the 

dairy boxes and the meat prep or butchers room.  The second Elite logger monitored the ECMs in the 

reach-in cases.  Those cases included frozen upright cases and frozen island fans.  A voltage clip became 

disconnected on this logger.  The monitored voltage was incorrect because of this.  However, this does 

not affect the accuracy of the monitored amperage.  Amperage is captured by split core current 

transformers and is independent of the voltage. The monitored amperage for each circuit was compared to 

the instantaneous power readings.  The corresponding 15-minute voltage from the walk-in box logger was 

copied and transferred to the reach-in box spreadsheet.  The ECM kW was then calculated using this 

transferred voltage, the monitored amperage, and calculate power factor.    

Annual savings were calculated using an 8,760 hour spreadsheet. The power data obtained from the Elite 

power logger provides a kW value for each operating hour of the year. That value is subtracted from the 

baseline kW.  This calculates savings for each hour.  Hourly savings were summed to generate annual 

savings.  Summer and winter demand savings were calculated for the hours in those periods.  The savings 

for day-one is provided in Table 4 below. 

 

Table 4: Calculation Spreadsheet 
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Performance data was obtained for the refrigeration system.  A regression analysis formula was created 

between the total refrigeration power [compressors and condenser fans] and outside air wet bulb 

temperatures.  Efficiencies for the system ranged from 1.02 kW/ton at 0°F wb to 1.52 kW/ton at 74°F wb. 

All of the heat generated from the ECM’s represents a quantity of waste heat that must be removed by the 

compressors. The savings kW is converted to BTUs and then into refrigeration tons. The regression 

analysis formula then provides the efficiency in kW per ton to generate the refrigeration savings for the 

ACH.  

���� 	 = 	 ((���!�	�	3.413)/12,000)	�	�  	

where 

kWref = refrigeration kW savings 

Max 5.46 4.60 10.03 13.25 10.54 23.79 6.95 23.7
Min 2.46 4.38 7.03 13.25 10.54 23.79 3.40 17.3

Totals 240 Totals 44,740 39,827 84,567 116,052 92,313 208,365 39,554 163,352
Worcester MA TMY3 Temps

Date Month Day

Day 
of 

Wk
Site 

Holiday
OWB 
Temp

ODB 
Temp Hour

Eval 
Reach-
In Fan 
kW

Eval 
Walk-
In Fan 

kW

Site 
Total 
kW

Baseline 
Reach-
In Fan 
kW

Baseline 
Walk-In 
Fan kW

Total 
Baseline 

kW
Ref kW 
Savings

Total 
kWh 

Savings

1/1/2011 Jan Sat 7 0 25 29 1 5.41 4.56 9.97 13.25 10.54 23.79 4.14 17.96
1/1/2011 Jan Sat 7 0 25 28 2 5.44 4.56 10.01 13.25 10.54 23.79 4.13 17.91
1/1/2011 Jan Sat 7 0 24 28 3 5.44 4.57 10.01 13.25 10.54 23.79 4.13 17.90
1/1/2011 Jan Sat 7 0 24 27 4 5.45 4.58 10.03 13.25 10.54 23.79 4.12 17.88
1/1/2011 Jan Sat 7 0 24 27 5 5.44 4.57 10.01 13.25 10.54 23.79 4.13 17.90
1/1/2011 Jan Sat 7 0 24 26 6 5.46 4.56 10.02 13.25 10.54 23.79 4.13 17.90
1/1/2011 Jan Sat 7 0 23 26 7 5.44 4.54 9.98 13.25 10.54 23.79 4.14 17.94
1/1/2011 Jan Sat 7 0 24 27 8 5.35 4.53 9.89 13.25 10.54 23.79 4.17 18.07
1/1/2011 Jan Sat 7 0 25 29 9 5.30 4.52 9.82 13.25 10.54 23.79 4.19 18.15
1/1/2011 Jan Sat 7 0 26 30 10 5.29 4.51 9.79 13.25 10.54 23.79 4.19 18.18
1/1/2011 Jan Sat 7 0 26 30 11 5.29 4.50 9.79 13.25 10.54 23.79 4.19 18.19
1/1/2011 Jan Sat 7 0 26 31 12 5.30 4.51 9.81 13.25 10.54 23.79 4.19 18.16
1/1/2011 Jan Sat 7 0 26 31 13 5.28 4.51 9.79 13.25 10.54 23.79 4.19 18.19
1/1/2011 Jan Sat 7 0 25 30 14 5.29 4.52 9.81 13.25 10.54 23.79 4.19 18.17
1/1/2011 Jan Sat 7 0 25 30 15 5.29 4.52 9.81 13.25 10.54 23.79 4.19 18.16
1/1/2011 Jan Sat 7 0 24 29 16 5.27 4.52 9.79 13.25 10.54 23.79 4.20 18.19
1/1/2011 Jan Sat 7 0 23 27 17 5.26 4.50 9.76 13.25 10.54 23.79 4.20 18.22
1/1/2011 Jan Sat 7 0 21 26 18 5.24 4.51 9.75 13.25 10.54 23.79 4.21 18.25
1/1/2011 Jan Sat 7 0 20 24 19 5.23 4.51 9.73 13.25 10.54 23.79 4.21 18.26
1/1/2011 Jan Sat 7 0 18 22 20 5.24 4.53 9.77 13.25 10.54 23.79 4.20 18.22
1/1/2011 Jan Sat 7 0 16 19 21 5.27 4.54 9.81 13.25 10.54 23.79 4.18 18.16
1/1/2011 Jan Sat 7 0 14 17 22 5.27 4.53 9.79 13.25 10.54 23.79 4.18 18.17
1/1/2011 Jan Sat 7 0 13 16 23 3.98 4.57 8.54 13.25 10.54 23.79 4.55 19.79
1/1/2011 Jan Sat 7 0 12 15 24 2.46 4.58 7.04 13.25 10.54 23.79 4.99 21.74
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kWsave = kW saved for the electrically commutated motors 

3.413 = BTUs per kW 

12,000 = BTUs per ton of refrigeration 

Eff = efficiency of the refrigeration compressors in kW/ton as calculated using the regression analysis 

formula = 4E-06x3 - 0.0003x2 + 0.0073x + 0.9961 for the specific hourly wet bulb temperature (x).  

The following set of graph show weekly operating profiles as well as operation during the monitored 

period of the ECMs. 

Figure 1 below shows the daily operating profiles for the walk-in box electrically commutated evaporator 

fan motors.   

Figure 1: Walk-In Box ECM Operating Profile  

 

 

Figure 2 shows the monitoring profile of the walk-in box ECMs throughout the monitored period.  The 

gap in operation near monitoring hour 1,265 corresponds with a storm related power outage. 

Figure 2: Walk-In ECM Monitoring Profile 
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The next set of graphs illustrates the operating and monitored profiles of the ECM’s in the reach-in cases. 
Figure 3 shows the weekly operation of the frozen case ECMs. Figure 4 shows that operation throughout 
the monitoring period.  They confirm the 8,760 hours of annual operation. 

Figure 3: Reach-In ECM Operating Profile 

 

Figure 4: Frozen ECM Monitoring Profile 
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Verification of Equipment and Operating Parameters 

Table 5 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 5:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

 Number of Reach-In Case Fans 288 288 100% 

 Reach-In Case Fan Baseline kW 13.25 13.25 100% 

 Reach-In Case Fan Installed kW 4.61 5.11 111% 

 Reach-In fan - Annual Hours 8,760 8,760 100% 

 Number of Walk-In Case Fans 80 80 100% 

 Reach-In Case Fan Baseline kW 10.54 10.54 100% 

 Reach-In Case Fan Installed kW 4.36 4.55 104% 

 Reach-In fan - Annual Hours 8,760 8,760 100% 

 Refrigeration kW/Ton 0.00 1.12 N/A 

 Interactive Refrigeration Tons 0 53,448 N/A 

The major source of the savings variance is the documentation error for the walk-in box savings.  The 

calculated 54,084 kWh savings was entered as 540,840 kWh. The 75,686 kWh savings from the reach-in 

cases are added to this value to create the 616,526 kWh tracking savings.   
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Interactive refrigeration savings were not included in the tracking savings. The reduction in waste heat 

attributed to the more efficient motors represents a reduction of refrigeration load at the compressors.  

The evaluation calculates an annual reduction of 35,210 ton-hours of refrigerated cooling and an 

additional 39,554 kWh in annual savings. 

The walk-in ECM’s are operating at 4.0% greater load than the corrected baseline calculations.  The 

reach-in ECMs are operating at 11% greater load than anticipated. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 616,526 kWh.  The evaluation estimates 

annual energy savings to be 163,352 kWh, resulting in an annual energy savings realization ratio of 

26.5%.  The major savings variance is due the tracking documentation error and not including the 

interactive refrigeration loads as discussed above. Table 6 shows the annual savings and variance when 

the tracking error is removed and the proper tracking savings is used. 

Table 6: Corrected Tracking Savings Evaluation 

 

Removing the tracking error results in a 125.9% realization rate. The 39,554 kWh refrigeration savings is 

responsible for the increased savings. The evaluation savings for the fans alone is 123,798 kWh and a 

95.4% realization rate. This is because the monitoring shows that the fans are drawing slightly more 

power than anticipated.  

No on-peak energy savings percentage was provided for the tracking.  The evaluation calculates on-peak 

energy savings at 46.1%.   

The summer demand peak reduction is estimated in the tracking analysis to be 3.27 kW.  The evaluation 

estimates the summer demand peak power reduction to be 19.08 kW, resulting in a realization ratio of 

584%. The source of the tracking summer on-peak demand savings is unclear.  

The winter demand peak reduction is estimated in the tracking analysis to be 8.60 kW, and the evaluation 

found this value to be 18.30 kW, resulting in a realization ratio of 213%. The source of the tracking 

winter on-peak demand savings is unclear.   

 

Savings Quantity
Tracking 
Estimate

Evaluation 
Estimate

Evaluation/ 
Tracking

Annual Energy (kWh) 129,770 163,352 126%

% Energy Savings On-Peak 0.0% 46.1% N/A

Summer On-Peak Demand (kW) 3.27 19.08 584%

Winter On-Peak Demand (kW) 8.60 18.30 213%
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Application ID: NGRID 550180 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

This application saves 83% of the energy originally estimated in the tracking analysis. However, 
it appears that the TA reported the peak savings as the total annual savings. The TA calculated 
annual energy savings of 900 kWh, while the evaluator calculated annual energy savings of 
349 kWh, resulting in a realization ratio of 39%. The primary reason for the decrease in savings 
is a reduced watt per motor savings than predicted by the TA.  A comparison of the results 
based on the TA’s reported values is presented in Table 1 below. 

A pizza retail facility installed one electronically commutated motor on a cooler evaporator fan.  

This retrofit measure replaced one shaded-pole motor with an electronically commutated (EC) 

motor. This measure saves electrical energy due to improved motor performance and reduced 
motor heat output.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity
Tracking 

Value

Evaluation 

Value

Evaluation/ 

Tracking

Annual Energy (kWh) 423 349 83%

% Energy Savings On-Peak 47% 46% 99%

Summer Peak Diversified kW 0.100 0.041 41%

Winter Peak Diversified kW 0.100 0.040 40%  

Project Description 

A pizza retail facility replaced one 1/15 hp shaded-pole motor with one 1/15 hp electronically 
commutated motor on a cooler evaporator fan. 

Tracking Analysis 

This section describes the methodologies employed in the original energy study, discusses 
aspects of the methodology that had significant impacts on final energy savings estimates, and 
describes the tracking calculation methodologies. 

Tracking Calculation Methodology 

Energy savings and demand reduction estimates were calculated by the tracking analyst using 
an Excel spreadsheet analysis. The spreadsheet appears to be a standard template used to 
calculate the savings for EC motor installations in cooler, freezer, and reach-in case 
applications.  

The tracking analyst assumed a total watt demand reduction of 75.0 W. It is not clear how this 
number was determined. This demand reduction was converted to refrigeration load reduction 
in tons using the following equations: 
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1 kW = 3,412 Btu/hr [1] 

1 ton = 12,000 Btu/hr [2] 

The tracking analyst also assumed a refrigeration performance of 1.3 kW/ton. It is not clear 
how the performance was determined. The refrigeration load savings (0.021 tons) were 
multiplied by the performance to determine the refrigeration system demand reduction of 
27.7 W.  

The total demand reduction for this retrofit measure is 102.7 W. The annual energy savings 
were calculated with the assumption that the motor operates all hours of the year, or 
8,760 hours. The annual energy savings are 900 kWh. It appears that the TA reported the on-
peak energy savings (423 kWh) as the annual energy savings.  

The percentage of energy savings occurring during energy peak periods was calculated based 
on the ratio of savings during peak periods to total energy savings.  The tracking analysis 
reported 47% on-peak savings, which is the ratio of total peak hours (4,048 hours) to the total 
annual hours (8,760 hours). It is expected that the fan operates continuously, so this 
assumption makes sense.  

It is unclear from the analysis what hour and date ranges were used for the summer peak 
demand reduction calculation. Since the motor operates continuously all hours of the year, the 
demand periods do not affect the demand reduction. The claimed reduction is 0.1 kW, which 
corresponds to the total demand reduction for the EC motor of 102 W.    

The claimed reduction for the winter peak demand period is the same as the summer reduction, 
or 0.1 kW.   

Evaluation Methodology 

Both studies use a spreadsheet analysis to calculate pre-existing and installed case motor 
annual energy use. The evaluator differs from the tracking analyst by using metered data for 
the installed case motor. 

Installed case motor power draw for each hour of the year was calculated using spot-metered 
demand data and long-term operating-hour data.  The general outline for the evaluation 
methodology is below. 

1. Spot-meter the installed motor demand for 5 minutes. 

2. Install amperage logger to meter the installed motor operating hours for 3 weeks. Use 
metered data to make assumptions of annual operating hours.  

3. Since the pre-existing shaded pole motor is not available, use National Grid’s 2011 Technical 
Reference Manual to estimate the energy use for the pre-existing motor.  

3. Collect data and determine annual energy savings for the EC motor. 

4. Create an 8,760 hour model with TMY3 weather data to calculate seasonal refrigeration 
system performance. The refrigeration equipment is air-cooled, so the condensing temperature 
and performance will vary with outside air temperatures.  

5. Use 8,760 model results to calculate the refrigeration demand savings from reduced motor 
heat output.   

6. Calculate annual energy savings based on combination of direct demand and refrigeration 
demand savings and metered operating hours.  
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Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided in Table 2 below. 

Table 2:  Summary of Evaluation Metering and Trend Data 

EC Motor Trends

Parameter Motor Demand, kW Operating Hours

Type of Measurement Equipment Power, kW Current, Amps

Model of Measurement Equipment Yokogawa Meter HOBO Logger

Installation Temporary Temporary

Observation Frequency 1 second State (On/Off)

Metering Duration 5 minutes 3 weeks

Pre-Existing or Installed Installed Installed

Metered By Evaluator Evaluator  

Evaluation Savings Analysis 

Installed Motor Demand 

The installed motor is a 1/15 hp EC motor. The evaluator spot-metered the current, power 
factor, and demand of the motor for 5 minutes. The average metered demand per motor is 
56.8 W.  

Pre-Existing Motor Demand 

The pre-existing motor was a 1/15 hp shaded pole motor. This motor was not available to spot-
meter, so the evaluator used the National Grid 2011 Technical Reference Manual (TRM) to 
determine the pre-existing motor demand.  

The TRM recommends using a load reduction factor of 65% for EC motor installations. On page 
205 of the TRM, the note under the load factor states, “Load factor is an estimate by NRM 
based on several pre- and post-meter readings and installations; the value is supported by RLW 
Analytics (2007).”  

Therefore, the metered demand for the installed motor (56.8 W) was divided by 65% to 
determine the total pre-existing motor demand. This resulted in a pre-existing demand of 
87.3 kW. 

Installed Motor Operating Hours 

The operating hours of the installed motor were metered using a state logger for three weeks 
to record when the motor turned on and off. During the metering period, the motor ran 99.7% 
of the time. Applying this ratio to the total annual hours (8,760 hours), the annual operating 
hours are 8,738 hours. Since the only time the motor turned off during the metering period was 
during off-peak hours, the peak operating hours are 4,064 hours.  

Based on the motor demand and operating hours, the installed case energy use is 496 kWh. 
The on-peak energy use is 230 kWh.  

Pre-Existing Motor Operating Hours 

The metered operating hours for the installed motor were used for the pre-existing motor as 
well. The pre-existing case energy use is 763 kWh. The on-peak energy use is 354 kWh.  
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Refrigeration Load Reduction 

Refrigeration savings result from reduced motor heat load. The refrigeration demand savings 
were calculated using an 8,760 hour model with Worcester weather data. Since the 
refrigeration equipment is air-cooled, the evaluator used performance data for a standard-
efficiency Copelametic 3DK3R15ME air-cooled compressor to estimate how performance varies 
with outside air temperature (OAT).  

The total refrigeration system performance is the sum of the compressor and condenser 
performance. Based on the performance data, the compressor performance is constant at 
~1.0 kW/ton up to 70˚F OAT. Above 70˚F OAT, the performance worsens as the temperature 

increases. At 100˚F OAT, the compressor performance is 1.44 kW/ton. 

The condenser performance varies from 0.14 kW/ton at 77˚F OAT to 0.0 kW/ton at 18˚F OAT 

(the fans do not run below this temperature). 

Using the Worcester weather data, the total refrigeration performance varies from 1.38 kW/ton 
at 91˚F to 1.01 kW/ton at -11˚F.  

Figure 1 below shows how the compressor, condenser, and total refrigeration system 
performance vary with outside air temperature.  

Figure 1: Refrigeration System Performance Varying with Outside Air Temperature 
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The total motor demand in the pre-existing case (87.3 W) and installed case (56.7 W) were 
converted to refrigeration load in tons. The difference between the pre-existing and installed 
case refrigeration load (0.0087 tons) was multiplied by the total refrigeration performance in 
kW/ton at each hour of the year to determine the refrigeration demand savings. The demand 
savings were summed to calculate the annual energy savings. The evaluator calculated the 
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annual refrigeration energy savings as 82 kWh. The energy savings that occur during peak 
hours are 38 kWh.  

Project Savings Summary 

The evaluator calculated the total annual energy savings for this measure as the sum of the 
motor and refrigeration energy savings. The motor energy savings are 267 kWh and the 
refrigeration savings are 82 kWh, therefore the total annual energy savings are 349 kWh.  

The total on-peak energy savings are 162 kWh, resulting in a percent of savings on-peak of 
46%. The summer demand reduction is 0.041 kW and the winter demand reduction is 
0.041 kW.  

A summary of the evaluated annual EC motor energy savings is presented in Table 3 below. 

Table 3: Summary of Evaluated Energy Savings 

Savings Parameter ECMs Refrigeration Total

Annual Energy Savings, kWh 267 82 349

On-Peak Energy Savings, kWh 124 38 162

% of Savings On-Peak 46% 47% 46%

Summer Demand Reduction, kW 0.031 0.010 0.041

Winter Demand Reduction, kW 0.031 0.009 0.040  

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and 
evaluation analysis.  The table below provides a summary of the major inputs from the TA and 
evaluation. 

Table 4:  Comparison of Major Inputs for the Evaporator Motor 

Savings Parameter TA Evaluation Eval/TA
% of Total 

Differential

     EC Motor Demand Savings, W 75.0 30.6 40.7% 70.7%

     Operating Hours 8,760 8,738 99.7% 0.2%

Total EC Motor Energy Savings, kWh 657 267 40.6% 71%

     Refrigeration Load, ton-hrs 187 76 40.6% 26%

     Refrigeration Performance, kW/ton 1.300 1.078 82.9% 3%

Total Refrigeration Energy Savings, kWh 243 82 33.7% 29%

Total Annual Energy Savings, kWh 900 349 39% 100%  

The difference between the calculated annual energy savings in the TA and evaluation is 
202 kWh. A breakdown of the savings differential is provided below: 

 70.7% of the savings differential is due to the decreased installed motor demand 
savings. 

 0.2% of the savings differential is due to decreased operating hours. 
 26% of the savings differential is due to decreased refrigeration load.  

 3% of the savings differential is due to improved refrigeration system performance. 
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Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 423 kWh.  The evaluation 
estimates annual energy savings to be 349 kWh, resulting in an annual energy savings 
realization ratio of 83%.  

As discussed in the previous sections, the reason for the increase in savings is the TA reported 
the peak energy savings as the total energy savings. When compared to the TA’s total energy 
savings, the realization ratio is 39%. The reason for the decrease in savings is reduced demand 
savings per motor than predicted by the TA.    

The percentage of savings occurring during energy peak periods estimated in the tracking 
analysis is 47% while the evaluation finds this value to be 46% resulting in a realization ratio of 
99%.  While it is not clear how the tracking percent on peak savings is calculated, the evaluator 
calculated annual run hours of 8,738 hours, indicating that the fans run almost continuously. 
There are 4,064 total peak hours in a year; therefore the percent of savings during peak 
periods is ~46%.   

The summer demand peak reduction is estimated in the tracking analysis to be 0.10 kW.  The 
evaluation estimates the summer demand peak power reduction to be 0.041 kW, resulting in a 
realization ratio of 41%.   

The winter demand peak reduction is estimated in the tracking analysis to be 0.10 kW, and the 
evaluation found this value to be 0.040 kW, resulting in a realization ratio of 40%. 

It is not clear how the tracking demand reductions are calculated, therefore reasons for 
discrepancies between the evaluation and tracking results cannot be identified. 
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Application ID: NGRID 820896 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

A small retail store completed refrigeration efficiency upgrades for its existing dairy and frozen food 

displays. These upgrades included the installation of glass doors on open dairy displays, the replacement 

of refrigeration display case T-8 fluorescent lighting with LED lighting, the replacement of shaded pole 

evaporator motors with EC motors, and the installation of anti-condensate heater controls for the 

existing freezer glass doors. 

This application saves 219% of the energy originally estimated in the tracking analysis. The primary 

reasons for the increase in savings are underestimated cooler door savings. Results are presented in 

Table 1 below. 

Table 1: Summary of Tracking and Evaluation Savings Results 

Savings Quantity Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Annual Energy Savings (kWh) 35,161 kWh 76,861 kWh 219% 

% Energy Savings On-Peak 46% 48% 104% 

Summer Peak Diversified kW Savings (FCM) 3.44 kW 12.32 kW 358% 

Winter Peak Diversified kW Savings (FCM) 4.60 kW 9.15 kW 199% 

Project Description 

The store is open 7 AM to 10 PM, 365 days annually. Prior to the completion of the project, the dairy 

walk-in cooler had an open front and was refrigerated by two single-compressor condensing units. Two 

evaporator units with a total of nine shaded pole motors served the cooler. An air-curtain created by 

fans at the case front was used to minimize infiltration. 

The pre-retrofit freezer was enclosed by doors, served by two other single-compressor condensing units, 

and had two evaporators with a total of six PSC motors. The anti-condensate heater (ACH) in the freezer 

door ran 24 hours per day at full power to prevent condensation. 

The cooler was illuminated by ten 32-W T8 fixtures, and the freezer contained eight 59-W T8 lamps. 

These fixtures ran 24 hours per day. 

By installing doors on the coolers, refrigeration load was expected to be reduced due to lower 

infiltration. Case fans creating an air curtain at the cooler opening could be disabled. ACH heaters with 

controls were installed as a part of the door installation in order to prevent condensation, and heater 

energy use partially offset the savings from the new doors. 

Replacing both cooler and freezer fluorescent lighting with LED fixtures was expected to reduce electric 

demand and refrigeration load through the greater efficiency of the fixtures.  

Replacing shaded pole fan motors with EC motors was expected to reduce electric demand and 

refrigeration load. 

Installing controls on the freezer anti-condensate heater (ACH) was expected to reduce electric demand 

by cycling the ACH between high and low power levels when the interior dew point is nominally below 

the surface temperature of the frames.  
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Tracking Analysis 

This section describes the methodologies employed in the original energy study and discusses aspects of 

the methodology that had significant impacts on final energy savings estimates. 

Tracking Calculation Methodology 

The tracking analysis used the National Grid Custom-Express Analysis for Refrigerated Cases. Vendor 

specifications were used to determine the power demand of pre-retrofit cooler and freezer evaporator 

fan motors and proposed equipment. Demand of pre-retrofit open cooler fan motors, lighting, and ACH 

was determined through metering. Both pre-retrofit and proposed case metering was performed at a 

sample of 7 stores, and this meter data was used in the analysis for all 33 stores that were studied. The 

same methodology was used across all sites, but savings varied from store to store based on differences 

in operating hours. Below is a table detailing the tracking analysis inputs and the source of the data. In 

reference to the analysis inputs, “metering” by the TA always refers to the average meter data from the 

seven sample sites. Site information came from the store manager, and vendor specifications came from 

the equipment vendor or from equipment specification sheets. 

Table 2: Source of Tracking Analysis Inputs 

Tracking Analysis Input Pre-Retrofit Source Proposed Case Source 

evaporator fan motor demand vendor specifications vendor specifications 

evaporator fan motor hours site site 

lighting demand metering vendor specifications 

lighting hours site site 

ACH demand metering metering 

ACH hours site weather analysis 

cooler length site site 

suction temperatures site site 

Freezer savings result from: 1. LED Lighting installation, 2. EC motor installation, and 3. Freezer ACH 

controls.  

1. Upgrading T-8 lighting to LED lighting was expected to reduce both lighting electrical demand and 

cooling loads. Lighting is assumed to run 15 hours per day in both the pre-retrofit and proposed cases, 

based on customer information and store schedule. Lighting runtime for pre-retrofit and proposed cases 

were entered into the analysis as two separate values, as a standard savings calculation spreadsheet 

was used. This spreadsheet allowed for a change in operating hours. Savings due to reduced lighting 

demand were found by: 

Direct lighting average demand savings, kW = (Pre-retrofit demand, kW × Pre-retrofit daily runtime, h - 

Proposed demand, kW × Proposed daily runtime, h) ÷ 24 hours/day 

Direct lighting annual energy savings, kWh = Direct lighting average demand savings, kW × 8,760 

hours/year 

Load reduction due to decreased electricity use in the freezer was found by: 

Indirect lighting average annual savings, BTU/h = 3,412 BTU/kWh × 63% load factor × Direct lighting 

average demand savings, kW 

Energy use savings due to indirect load reduction were calculated for all indirect loads at the end of the 

analysis, and their calculation is detailed at the end of this section. 
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The 63% load factor was determined to be the amount of lighting heat added to the space refrigeration 

load. This factor was based on specifications for reach-in frozen food cases from two manufacturers, Hill 

Phoenix and Zero-Zone.  

2. EC motor installation savings were found in an identical manner to lighting savings. The fans are 

assumed to run 24 hours a day. A load factor of 100% was used to calculate refrigeration savings 

because the motor is embedded in the cases, and no load is distributed to the exterior of the case. 

Runtime was not expected to change between the pre-retrofit and proposed cases, but the analysis 

template allowed for this possibility through separate inputs for pre-retrofit and proposed runtime. 

Savings due to reduced motor demand were found by: 

Direct motor average demand savings, kW = (Pre-retrofit demand, kW × Pre-retrofit daily runtime, h - 

Proposed demand, kW × Proposed daily runtime, h) ÷ 24 hours/day 

Direct motor annual energy savings, kWh = Direct motor average demand savings, kW × 8,760 hours/year 

Load reduction due to decreased electricity use in the freezer was found by: 

Indirect motor average annual savings, BTU/h = 3,412 BTU/kWh × 100% load factor × Direct motor 

average demand savings, kW 

3. ACH controls savings on the freezer cases were found in an identical manner to lighting and EC motor 

savings. The ACH is assumed to run 24 hours a day in the pre-retrofit case, and 11.8 hours a day in the 

proposed case. The average proposed case runtime of 11.8 hours per day was calculated based on dew 

point distribution throughout the year and approved in the custom-express study. This distribution 

assumed no ACH use below an inside dew point of 30°F, 100% ACH usage above an inside dew point of 

50°F, and a linear increase in usage between. Weather data giving typical dew point throughout the year 

was used to translate this into run hours. 

ACH was assumed to have no time-of-day variation. 

Savings due to reduced ACH demand were found by: 

Direct ACH average demand savings, kW = (Pre-retrofit demand, kW × Pre-retrofit daily runtime, h - 

Proposed demand, kW × Proposed daily runtime, h) ÷ 24 hours/day 

Direct ACH annual energy savings, kWh = Direct ACH average demand savings, kW × 8,760 hours/year 

A load factor of 35% was used to calculate refrigeration savings according to ASHRAE paper D-5993-

20100303 “Anti-Sweat Heaters in Refrigerated Display Cases”. The paper estimated that 35% of heat 

created by the ACH is rejected by the refrigeration system. 

Load reduction due to decreased electricity use in the freezer was found by: 

Indirect ACH average annual savings, BTU/h = 3,412 BTU/kWh × 35% load factor × Direct ACH average 

demand savings, kW 

Cooler savings result from: 1. LED lighting installation, 2. EC motor installation, 4a. Door installation, and 

4b. Case fan removal. ACH was installed along with the door installation, so this resulted in a small 

penalty. ACH controls were not installed because of the low ACH demand without controls. 

The cooler analysis includes lighting savings, motor savings, and ACH energy use penalty calculated as 

they were for the freezer. ACH pre-retrofit case watts are zero, and ACH proposed case hours are 24. All 

other hours and factors remain constant between the freezer and cooler, and wattage is modified based 

on metered or vendor information, as described above.  



Impact Evaluation of 2011 Custom Refrigeration/Motor/Other Installations Site 4 

Application 820896  Page 4 

 

4a. To calculate refrigeration load reduction based on the installation of doors, ΔBtu/hr/ft data from 

ASHRAE transaction AC-02-72 “Performance and Energy Impact of Installing Glass Doors on an Open 

Vertical Deli/Dairy Display Case” was used. The original ΔBtu/hr/ft  value was adjusted based on the 

reduced efficiency expected in these refrigerated cases compared to those studied in the reference. This 

method was approved through the custom-express analysis development. 

Refrigeration load reduction from door installation, BTU/h = Load reduction from door installation, 751 

BTU/h/ft × Cooler length, 20 ft 

4b. Case fans ran continuously in the pre-retrofit case, in order to create an air curtain, and were 

uninstalled in the proposed case. Case fan demand was metered in the pre-retrofit case and 

extrapolated to estimate energy usage for the entire year. 

Savings due to reduced case fan motor demand were found by: 

Direct motor average demand savings, kW = (Pre-retrofit demand, kW × Pre-retrofit daily runtime, h - 

Proposed demand, kW × Proposed daily runtime, h) ÷ 24 hours/day 

Direct motor annual energy savings, kWh = Direct motor average demand savings, kW × 8,760 hours/year 

Load reduction due to decreased electricity use in the freezer was found by: 

Indirect motor average annual savings, BTU/h = 3,412 BTU/kWh × 100% load factor × Direct motor 

average demand savings, kW 

For all of the above calculations 1-4, refrigeration load reduction was translated into electrical savings 

using an equation developed for the custom-express analysis that determines system performance 

based on suction temperature. This equation was developed based on performance of typical 

compressors and condensers used for this application in this region. 

Total refrigeration energy use reduction, kWh = Total refrigeration load reduction, BTU/h × System 

performance, kW/BTU/h × Annual runtime, 8,760 h 

Freezer and cooler peak savings were calculated by adjusting the ACH daily hours for each month. ACH is 

assumed to run 24 hours a day all year with no controls, 24 hours a day in the summer months with 

controls, and zero hours a day in the winter months with controls. All other factors were held constant. 

Peak savings were found by the following equation: 

Peak demand reduction, kW/[Specific month] = Daily energy use, kWh/day/[Specific month] ÷ 24 

hours/day 

Evaluation Methodology 

The evaluation confirmed the appropriateness of the values used in the tracking analysis though 

metering where possible, and it accounted for the refrigeration savings resulting from the reduction in 

electrical demand inside the cooler and freezer. Evaluation inputs include condensing unit performance 

and ACH, lighting, compressor, and EC motor demand and runtime. The table below details the 

evaluation inputs and their sources. 
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Table 3: Source of Evaluation Analysis Inputs 

Evaluation Analysis Input Pre-Retrofit Source Installed Source 

Evaporator fan motor demand adj. vendor specifications spot metering 

Evaporator fan motor hours hobo—long-term hobo—long-term 

Lighting demand tracking analysis metering spot metering 

Lighting hours hobo—long-term hobo—long-term 

Freezer ACH demand  tracking analysis metering spot metering 

Cooler ACH demand N/A spot metering 

Cooler length site measurement 

Suction temperatures site observation/site 

Refrigeration system performance manufacturer’s data manufacturer’s data 

Condensing unit demand vendor study hobo—long-term 

Cooler air curtain fan demand tracking analysis metering spot metering 

Cooler air curtain fan hours tracking analysis metering spot metering 

Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 

Table 4: Summary of Evaluation Metering and Trend Data 

  Condensing Unit + Evap Fan Lighting ACH 

Parameter Demand Runtime Demand Runtime Demand 

Meter Type Yokogawa Meter Hobo Logger Yokogawa Meter Hobo Logger Yokogawa Meter 

Installation Temporary Temporary Temporary Temporary Temporary 

Observation Frequency One second One minute One second One minute One second 

Metering Duration Five minutes One month Five minutes One month Five minutes 

Pre-retrofit or Installed Installed Installed Installed Installed Installed 

Metered by Evaluator Evaluator Evaluator Evaluator Evaluator 

Evaluation Savings Analysis 

EC Motor Installation 

Pre-Retrofit Case 

The original motors installed in the evaporator fan units were 1/20 HP shaded pole motors. This was 

determined by the nameplate data on the evaporator unit, as was their power draw. The nameplate 

data for the pre-retrofit motors was available because only the fan motors were replaced inside the 

evaporator unit, and the unit itself was not removed. The nameplates on the outside of the evaporator 

units included data on the pre-retrofit motors.  The TA assumed 1/15 HP fans, but this assumption came 

from observations at other sites, and no documentation was provided for this site specifically. 

The cooler evaporator fans ran constantly, while the freezer evaporator fans cycled with the condensing 

unit. 

A cut sheet was not available for the 1/20 HP motors, so the power factor from the cut sheet for 1/15 

HP version of the motors was used. The annual electric consumption for the pre-retrofit case was 

calculated as: 

Pre-retrofit annual electric use, 7,557 kWh = (Number of cooler motors, 9 × Full load amps, 0.42 A × 

Voltage, 120 V × Power factor, 0.53 × Annual runtime, 8,760 hours ÷ 1 kW/1,000 W) + (Number 

of freezer motors, 6 × Full load amps, 0.42 A × Voltage, 120 V × Power factor, 0.53 × Annual 

runtime, 3,336 hours ÷ 1 kW/1,000 W) 
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Installed Case 

EC motor savings for the installed case were calculated using spot metered data taken directly at the 

motors It was determined that the motors draw a consistent 0.44 amps per fan. The installed motors 

were observed to be 1/15 HP. The power factor could not be confirmed through spot metering, so the 

same value was used for the pre-retrofit shaded pole and the installed EC motors. The cut sheet for the 

existing evaporators gave data for shaded pole, PSC, and EC motors, and this cut sheet confirmed that 

shaded pole and EC motors have similar power factors. The annual electric consumption for the installed 

case was calculated as: 

Installed annual electric use, 5,338 kWh = (Number of cooler motors, 9 × Full load amps, 0.44 A × Voltage, 

120 V × Power factor, 0.53 × Annual runtime, 8,760 hours ÷ 1 kW/1,000 W) + (Number of freezer 

motors, 6 × Full load amps, 0.44 A × Voltage, 120 V × Power factor, 0.53 × Annual runtime, 3,336 

hours ÷ 1 kW/1,000 W) 

Savings 

Several stores in the chain were upgraded simultaneously, and 1/15 HP motors were installed at every 

site, regardless of whether the store had previously had 1/15 or 1/20 HP motors. The site contact was 

not aware of any reason why the size increase was necessary, and stated that 1/20 HP motors are now 

being installed when similar upgrades are performed at other chain locations. This leads the evaluator to 

the conclusion that the size increase was not necessary. 

Due to the fact that the installed motors are larger than the pre-existing, there is an energy penalty 

attributed to the motor retrofit. This penalty is calculated as: 

Annual motor direct electric retrofit penalty, 273 kWh = Annual pre-retrofit electric use, 4,040 kWh – 

Annual installed case electric use, kWh 

The penalty due to larger motor installation not only contributes to direct electrical consumption but 

also indirect electrical consumption by the condensing unit. 100% of the energy penalty from the fan 

motor retrofit contributes to the overall refrigeration savings. To find the indirect electric penalty, the 

condensing unit efficiency must be taken into account. An 8,760 hourly model was used to determine 

condensing unit performance throughout the year. The demand penalty in one hour due to motor 

installation was found by: 

Refrigeration demand penalty, kW = Motor retrofit demand penalty, kW ÷ 3.517 tons/kW × Condensing 

unit efficiency, kW/ton × Motor load factor, 100% 

The demand penalty was summed across all hours to get the total annual energy penalty: 77 kWh for 

cooler motors and 33 kWh for freezer motors. 

The total motor penalty resulting from the motor retrofit was found by: 

Annual motor energy increase, 383 kWh = Annual motor direct electric retrofit penalty, 273 kWh + Annual 

motor refrigeration penalty, 110 kWh 

LED Lighting Retrofit 

Pre-Retrofit Case 

The evaluator agrees with the tracking analysis that the cooler pre-retrofit case lighting configuration 

was ten 32-W T8 lamps lining the open front cooler. Meter data supporting this information was 

provided in the tracking analysis. 

The TA data for pre-retrofit freezer lighting was used as the pre-retrofit case for the evaluation analysis 

as well. The freezer is composed of two sets of three-door units, and the tracking analysis indicated that 
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each unit had one 59-W T8 lamp on each end and one between each door, resulting in four lamps per 

unit or eight total. This data was confirmed in two ways. First, it was supported by the TA metered data. 

Second, because the freezer doors existed before the retrofit, their nameplates gave current ratings for 

the pre-retrofit lights. This matched the TA data for lamp wattage.  

The site stated that the cooler and freezer lights automatically turn off when the security system is 

enabled at night and turn on when the system is disabled in the morning, but meter data showed that 

the freezer lights ran constantly. 

The pre-retrofit case lighting energy use was calculated as: 

Annual pre-retrofit case lighting usage, 5,887 kWh = Number of freezer fixtures, 8 × Freezer fixture 

wattage, 0.059 kW × Annual runtime, 8,760 hours + Number of cooler fixtures, 10 × Cooler 

fixture wattage, 0.032 kW × Annual runtime, 5,475 hours 

The evaluator interprets the 63% factor taken from cut sheets and used in the tracking analysis 

refrigeration savings calculations differently than the tracking analysis did, so other sources were used 

for lighting heat output calculations. According to a 2009 study by the Institute of Electrical and 

Electronics Engineers, T8 fixtures release about 75% of input power as heat. This heat is released into 

the refrigerated case and therefore must be mitigated by the condensing unit. The condensing unit 

energy use to dissipate heat produced by the T8 fixtures is calculated as: 

Hourly condensing unit demand due to T8 heat output, kW = (Number of freezer fixtures, 8 × Freezer 

fixture wattage, 0.059 kW + Number of cooler fixtures, 10 × Cooler fixture wattage, 0.032 kW) × 

Percent Heat loss, 75% × 3,412 BTU/hr/kW ÷ 12,000 BTU/hr/ton × condensing unit efficiency  

The demand in each hour was summed to calculate the total annual condensing unit energy to reject 

heat from the T8 fixtures. 

Installed Case 

LED lighting electric use for the installed case was calculated based on metered data. Through the use of 

spot metering at the cooler and freezer circuits, which each power one section (three or five doors) of 

freezer or cooler lighting, it was determined that the total current for cooler lighting is 1.9 amps and the 

total current for freezer lighting is 1.4 amps. This agrees with the amp specification indicated in the 

nameplate data. Installed case lighting usage was then calculated to be: 

Annual installed case lighting usage, 2,740 kWh = Cooler lighting current, 1.9 amps × Voltage, 120 volts 

÷1,000 W/kW × Annual runtime, 5,475 hours + Freezer lighting current, 1.4 amps × Voltage, 120 

volts ÷1,000 W/kW × Annual runtime, 8,760 hours 

Installing LED lighting also affected the refrigeration load. LED lights dissipate more heat than the 

existing T8 fixtures as a fraction of input watts, but for the same light output, LEDs draw significantly less 

watts, resulting in a reduced refrigeration load. According to the same study referenced above, LED 

lamps dissipate around 88%. The condensing unit energy use to dissipate heat produced by the installed 

LED lamps was calculated as: 

Hourly condensing unit demand due to LED heat output, kW = Installed case demand, 0.4 kW × Percent 

Heat loss, 88% × 3,412 BTU/hr/kW ÷ 12,000 BTU/hr/ton × Hourly condensing unit efficiency  

The demand in each hour was summed to calculate the total annual condensing unit energy to reject 

heat loss from the LED fixtures. 

Savings 
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The indirect electrical savings from the lighting retrofit were calculated as the difference between the 

pre-retrofit case T8 heat loss and the installed case heat loss.  The indirect electrical savings were 

calculated as: 

Annual condensing unit electrical savings, 1,149 kWh = Annual condensing unit energy to reject heat loss 

from T8, kWh – Annual condensing unit energy to reject heat loss from LED, kWh 

The total savings from the installation of efficient LED fixtures in the freezer and cooler cases was 

calculated to be: 

Annual kWh savings, 4,296 kWh = Annual pre-retrofit case lighting usage, 5,887 kWh - Annual installed 

lighting usage, 2,740 kWh + Indirect electric savings due to heat loss, 1,149 kWh 

Anti-Condensate Heater Controls 

Savings from anti-condensate heater controls were studied as a measure for freezer doors only, because 

before the retrofit was performed, there were no doors on the coolers and therefore no ACH. ACH was 

installed as a part of the cooler door installation, as they are integrated into the doors, so cooler ACH 

energy use is addressed in the discussion of the cooler door installation measure. 

Pre-Retrofit Case 

The average of the demand peaks of the metered load (See Chart 1) on the anti-condensate heaters is 

the pre-retrofit case demand for heater operation, as without any controls the heaters would run at 

peak load constantly. This load was metered as 10.9 A. The power consumption of the heaters is 

calculated below: 

Pre-retrofit heater demand, 1.31 kW = Input voltage, 120 V × Current draw, 10.9 A 

Installed Case 

The effect of installing controls on the freezer ACH heaters was calculated using metering data. The 

controls ramp down the heater output when the store humidity is lower during the winter months by 

quickly cycling the demand between maximum and low values. The average kW recorded during the 

metering determined the demand for the winter months. 

During the summer months, the heaters operate at peak load, found by determining the average peak 

demand during the metering period and there are no savings from the controls. The plot below shows 

the load profile on the freezer ACH over one day at a typical site: 
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Chart 1: Freezer Anti-Condensate Heater Controls 

 

For the spring and fall seasons, data was extrapolated from the winter to the summer to find anti-

condensate heater load. It was assumed that the average heater load would ramp up in a linear fashion 

as temperature and humidity rose from February to June, and then with the same linear profile ramp 

back down from August to December. The table below shows the anti-condensate heater load profile 

over a year for both pre-retrofit and installed cases. 

Table 5: Freezer Anti-Condensate Heater Controls Annual Savings 

Month 
Pre-

retrofit kW 

Installed 

kW 

kW 

Savings 
kWh Savings 

January 1.31 0.90 0.41 304 

February 1.31 0.90 0.41 274 

March 1.31 1.00 0.31 228 

April 1.31 1.10 0.20 147 

May 1.31 1.21 0.10 76 

June 1.31 1.31 0.00 0 

July 1.31 1.31 0.00 0 

August 1.31 1.31 0.00 0 

September 1.31 1.21 0.10 73 

October 1.31 1.10 0.20 152 

November 1.31 1.00 0.31 220 

December 1.31 0.90 0.41 203 

Annual kWh 
   

1,777 
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Savings 

Monthly kWh savings were calculated as follows: 

Monthly Freezer ACH Savings, kW = 24 hours × Number of days in month × (Pre-retrofit case demand, 

1.31 kW – Installed case demand, kW, determined by month) 

The monthly freezer ACH savings are summed to get annual freezer ACH savings, 1,777 kWh. 

As well as contributing to direct electrical savings, the installation of controls on the freezer ACH also 

reduces load on the condensing unit. A load factor of 35% was used, as described above. The indirect 

electrical savings due to freezer ACH controls in each hour was calculated by: 

Refrigeration demand reduction, kW = Controls installation demand reduction, kW ÷ 3.517 tons/kW × 

Condensing unit efficiency, kW/ton × ACH load factor, 35% 

The savings in each hour were summed to find the total condensing unit savings of 362 kWh. 

Annual savings due to the installation of ACH controls on the freezer were found by: 

Annual ACH control savings, 2,140 kWh = Direct ACH control savings, 1,777 kWh + Indirect ACH control 

savings, 362 kWh 

Door Installation Savings 

Installed Case 

Installing doors on the open front cooler resulted in significant refrigeration savings. To calculate 

savings, a meter was installed by the evaluator on the condensing units supplying cooling to the freezer 

and cooler cases. 

The typical load on the condensing units was calculated based on the meter data. The current on one 

phase of every condensing unit was recorded each minute from October 2, 2012, to October 31, 2012. 

Spot metering data provided values for voltage and power factor and factors to calculate the demand on 

the two unmetered legs. Demand was calculated from the long term metering by: 

Condensing unit demand, kW = Current, A × Average voltage, V × Average power factor × Square root (3) 

Manufacturer’s performance data was not available for the specific condensing units at this site. The 

units have been discontinued, and online searches and calls to the manufacturer were not successful in 

producing performance data. The data from the tracking analysis, which was typical for compressors and 

condensers found at similar stores in the chain, was used in the evaluation. This performance data was 

used to calculate the performance of the unit during the metering period based on the outdoor dry bulb 

temperature. Condensing unit load during the metering period was calculated by: 

Condensing unit load, tons = Condensing unit demand, kW ÷ Condensing unit performance, kW/ton 

The average load for the metering period was adjusted for increased temperature and humidity inside 

the store in the summer months. The conditions in the store were assumed to range from 70°F and 30% 

RH to 75°F and 55% RH. The proportional increase in temperature and humidity ratio differentials was 

used to determine a load factor based on wet bulb temperature. 
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Table 6: Condensing Unit Load Factors due to Indoor Humidity 

Wet Bulb (°F) 
Load Factor (%) Condensing Unit Load (tons) 

Cooler Freezer Cooler Freezer 

64 274% 243% 6.22 6.71 

53 100% 100% 2.27 2.76 

The total annual electric consumption for the condensing units was calculated using an 8,760 hourly 

model with TMY3 weather data for Worcester, MA. Performance was determined in each hour based on 

outside dry bulb temperature. Cooler condensing unit demand was determined in each hour by the 

following equation: 

Cooler Condensing unit demand, kW = Condensing unit load, 2.27 tons × Condensing unit performance, 

kW/ton 

Hourly condensing unit demand was summed over the year, resulting in an annual usage of 29,548 kWh. 

A study of an identical measure was performed at another store in the chain in which the door vendor 

determined savings from cooler door installation by doing pre- and post-installation metering of cooler 

condensing unit usage. The vendor study is used as the basis for percent reduction in compressor energy 

use in the evaluation (See Pre-Retrofit case below) because it provides actual data for a cooler of the 

same size and configuration and with similar product load and usage patterns as the actual cooler at the 

evaluated site. The sample study was done at a sample store which had separate condensing units 

dedicated to the cooler and freezer cases, as is the case at this site. Refrigeration savings from the 

lighting retrofit and cooler ACH installation were captured by this metering because these must be done 

in order to perform the door installation; however the EC motor retrofit was likely not done before the 

post-installation metering because it is an independent installation. 

When evaluation metering was performed, the motor retrofit had already been performed. Therefore, 

in the evaluation analysis, refrigeration load savings due to installation of more efficient EC motors were 

subtracted from the cooler door installation savings.  As discussed in the section ‘EC Motor Savings’ 

above, 1/20 HP motors were replaced with larger 1/15 HP motors, so there is an increase in electric 

consumption due to the motor installation rather than savings. 

The installed case annual kWh was calculated as the following: 

Installed case electric use, 29,254 kWh = Annual condensing unit consumption, 29,548 kWh – Cooler motor 

electric penalty, 383 kWh 

As a consequence of installing doors on the open coolers, anti-condensate heaters were installed on the 

cooler doors. This is a penalty that is taken into account in the savings analysis. A sample calculation for 

the hourly electric demand penalty due to cooler ACH installation is provided below. 

Cooler ACH demand penalty, -0.50 kW = Pre-retrofit ACH demand, 0.0 kW – (Installed ACH current draw, 

4.17 A × ACH input voltage, 120 V ÷ 1,000 W/1 kW) 

The monthly penalty was summed to calculate the annual energy use penalty of 4,384 kWh. 

The refrigeration penalty due to the installation of cooler door heaters is taken into account during the 

metering of the condensing unit, as the heaters were installed when the metering was performed. 

Pre-retrofit Case 

The door manufacturer reference study discussed above presents that the savings from installing doors 

on an open front cooler in this chain results in a 68% energy reduction. The study was specific to this 
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store, so it included the same original configuration, the same type of doors installed, and approximately 

the same product loads and usage. 

The metering done for the reference study takes into account the savings due to the installation of 

efficient LED fixtures as well as the necessary installation of anti-condensate heaters on the cooler 

doors. The 68% energy reduction therefore accounts for variations in refrigeration load due to these 

measures. Therefore, the pre-retrofit case condenser electric use is: 

Pre-retrofit case electric use, 91,418 kWh = Installed case electric use, 29,254 kWh ÷ 32% 

In the pre-retrofit case, case fans had been used to create an air curtain at the cooler opening. These 

were disconnected in the installed case. They were not available to the evaluator, so the tracking 

analysis meter data is used to determine pre-retrofit energy use: 

Pre-retrofit case fan electric use, 9,618 kWh = Case fan demand, 1.098 kW × Runtime, 8,760 hours 

The indirect electrical savings due to the elimination of case fan load from the cooler in each hour was 

calculated by: 

Case fan refrigeration demand reduction, kW = Case fan demand reduction, 1.098 kW ÷ 3.517 tons/kW × 

Condensing unit efficiency, kW/ton × Case fan load factor, 100% 

The demand was summed across all hours for a total refrigeration savings of 3,410 kWh. Total case fan 

savings are 13,029 kWh. 

Savings 

The annual electric savings due to the installation of doors on the open front cooler are calculated as 

follows: 

Annual Savings, 70,809 kWh = Annual pre-retrofit electric use, 91,418 kWh – Annual installed case electric 

use, 29,254 kWh – Cooler ACH penalty, 4,384 kWh + Case fan energy savings, 13,029 

Project Savings 

An 8,760 hourly model was used to determine savings in peak periods throughout the year. Energy use 

during peak hours was summed and then divided by the total annual savings to find the percent on-peak 

savings. Similarly, the energy use during the summer and winter peak demand periods is divided by the 

total hours in each period to find the average peak demand reduction.  

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and evaluation 

analysis. Reasons for discrepancies are presented as well as their qualitative impacts on final project 

energy savings realization. The table below shows a savings comparison by measure type. All savings 

include both direct electrical and indirect refrigeration electrical savings. 

Table 7: Breakdown by End Use of Tracking and Evaluation Savings Results 

Savings Quantity Tracking Value Evaluation Value Evaluation ÷ Tracking 

Fan Savings (kWh) 5,451 kWh -383 kWh -7% 

Lighting Savings (kWh) 3,310 kWh 4,296 kWh 130% 

ACH Savings (kWh) 3,782 kWh 2,140 kWh 57% 

Door Savings (kWh) 22,618 kWh 70,809 kWh 313% 

Below are comparisons of tracking and evaluation analysis inputs for each end use, broken out 

for the freezer and the cooler. 
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Table 8: Comparison of Tracking and Evaluation Inputs for Evaporator Fan 

Equip. Analysis Input Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

F
re

e
ze

r Pre-retrofit fan motor demand 540 W 307 W 57% 

Pre-retrofit fan motor hours 8,760 h 3,336 h 38% 

Installed fan motor demand 357 W 324 W 91% 

Installed fan motor hours 8,760 h 3,336 h 38% 

C
o

o
le

r 

Pre-retrofit fan motor demand 810 W 461 W 57% 

Pre-retrofit fan motor hours 8,760 h 8,760 100% 

Installed fan motor demand 536 W 486 W 91% 

Installed fan motor hours 8,760 h 8,760 100% 

The tracking pre-retrofit case assumed that the existing motors were 1/15 HP. However as seen from 

the nameplate baseline, the actual existing motors were 1/20 HP, which accounts for the higher pre-

retrofit values in the tracking analysis when compared to the evaluation. When larger 1/15 HP EC 

motors were installed, the electric consumption of the motors increased. 

Table 9: Comparison of Tracking and Evaluation Inputs for Lighting 

Analysis Input Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Pre-retrofit lighting demand (W) 950 792 83% 

Pre-retrofit lighting hours 15 24 freezer/15 cooler 160%/100% 

Installed lighting demand (W) 490 400 82% 

Installed lighting hours 15 24 freezer/15 cooler 160%/100% 

The evaluation finds an increase in lighting savings over the tracking analysis due to the longer than 

expected run hours.  

Table 10: Comparison of Tracking and Evaluation Inputs for ACH 

Equip. Analysis Input Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Freezer 

Pre-retrofit ACH demand (kW) 1.35 1.31 97% 

Pre-retrofit ACH hours 24 24 100% 

Installed ACH avg. demand (kW) 0.66 1.10 167% 

The reduction in savings in the evaluation can be attributed to a higher than predicted average ACH 

demand in the cooler months. The tracking analysis predicted that the ACH would not run during the 

winter, but evaluation metering found that the ACH did run during the winter months. 
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Table 11: Comparison of Tracking and Evaluation Inputs for Door Installation and Refrigeration 

Equipment Analysis Input Tracking Value 
Evaluation 

Value 

Evaluation ÷ 

Tracking 
F

re
e

ze
r Suction temperatures (°F) -23 -23 100% 

Condensing unit avg performance (kW/ton) 1.74 2.10 121% 

C
o

o
le

r 

Cooler length (ft) 20 20 100% 

Suction temperatures (°F) 18 18 100% 

Condensing unit avg performance (kW/ton) 1.74 1.25 72% 

Pre-retrofit case cooler daily energy use (kWh) 161 210 130% 

Pre-retrofit case cooler hours 24 24 100% 

Installed case cooler daily energy use (kWh) 52 67 129% 

Installed case cooler hours 24 24 100% 

Pre-retrofit ACH demand (kW) N/A N/A - 

Pre-retrofit ACH hours N/A N/A - 

Installed ACH avg. demand (kW) 0.35 0.50 143% 

The installed ACH demand for the cooler is a necessary penalty due to the addition of glass doors to the 

previously open front cooler. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 35,161 kWh. The evaluation estimates 

annual energy savings to be 76,861 kWh, resulting in an annual energy savings realization ratio of 219%.  

The evaluation used a different methodology than the tracking analysis to calculate savings from cooler 

door installation. The evaluation methodology depended on a study that included pre and post metering 

of a similar site in the same region as the evaluated site. The results from the pre and post metering are 

used to estimate the percentage reduction in door energy use. The tracking analysis method relied on 

an ASHRAE study of door installations of a typical supermarket cooler case in southern California. The 

evaluator felt the pre and post metering study was more representative of the savings that would be 

found on site since in-store and outdoor factors such as humidity, temperature, and frequency of 

freezer and cooler use can contribute to overall cooler load and thus to the variation in savings between 

the tracking and evaluation analysis. The tracking analysis did not calculate pre-retrofit usage, so these 

values could not be compared. 

Lighting savings also increased over the tracking analysis. This is mainly a result of the increased run 

hours for the freezer lighting over the tracking analysis, since this increased runtime applied to both pre-

retrofit and proposed cases. 

The ACH savings were found to be less than in the tracking analysis. The tracking analysis assumed that 

the freezer ACH would not run in the winter after the installation of the controls, but evaluation 

metering during the winter found that the ACH continued to run. 

The tracking analysis states that 46% of savings occurs during peak hours. The evaluation finds this value 

to be 48%, resulting in a savings realization ratio of 104%.  

The summer demand peak reduction is estimated in the tracking analysis to be 3.44 kW. The evaluation 

estimates the summer demand peak power reduction to be 12.32 kW, resulting in a realization ratio of 

358%.  
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The winter demand peak reduction is estimated in the tracking analysis to be 4.59 kW, and the 

evaluation found this value to be 9.15 kW, resulting in a realization ratio of 199%. 

The increased peak demand reduction is mainly due to the high realization rate in general. The percent 

of on-peak savings tracks well because few differences in usage distribution were found. 
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Application ID: National Grid 872165 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

This project upgrades existing open reach-in dairy coolers with new doors and LED lighting and anti-

condensate heaters [ACH].  Air curtain fans are removed from the existing reach-in coolers. 

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 35,585 kWh is 39.0% greater than the tracking estimates. Summer on-peak demand savings are 

37% more than the tracking estimates and winter on-peak demand savings are 41% more than anticipated.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 
Estimate 

Evaluation 
Estimate 

Evaluation / 
Tracking 

Annual Energy (kWh) 25,454 35,385 139% 

% Energy Savings On-Peak 46.0% 46.2% 100% 

Summer On-Peak Demand (kW) 3.20 4.39 137% 

Winter On-Peak Demand (kW) 2.70 3.79 141% 

Project Description 

The existing dairy section utilizes a medium temperature walk-in/reach-in cooler to showcase the dairy 
products.  The walk-in section allows store personnel and vendors to deliver and move product.  
Customers access dairy product through the reach-in section facing the sales floor.  Refrigeration is 
provided by low-profile evaporators piped to the compressor rack in the machine room.  The existing 
configuration consisted of open air-curtain front wall coolers, fluorescent strip rail lighting, and 
conventional shaded-pole upper and lower evaporator fans or air-curtain fans.  The dairy case for this 
project consisted of two 12-foot reach-in boxes. Anti-condensate heaters were not part of the baseline 
equipment.   

The installed configuration consists of new glass doors and frames, vertical LED strip lighting along each 
door divider, and the elimination of the air-curtain fans.  Anti-condensate heaters are installed with the 
new doors to prevent moisture from condensing on the door frames and glass. 
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Tracking Analysis  

Tracking Calculation Methodology 

The TA study included a detailed assessment of the fan and lighting loads of the existing dairy coolers.  

This project was one of 41 similar projects installed across the region.  The TA engineer monitored light 

and fan power across eight different locations and equipment types.  These true power readings were 

complied with, when available, manufacturer performance data.  This combination of data was used to 

create a series of specific lookup variables for the connected lighting and fan loads.  This data was used to 

establish the baseline conditions for this project. 

A macro based Excel spreadsheet was used to calculate the savings for this measure.  The difference in 

connected fan, lighting, and anti condensate heater loads between the existing and installed conditions 

was calculated using the corresponding baseline look-up values and installed equipment specifications. 

��ℎ�����	 = 	 (�����	– 	�����)	�	��ℎ����	 +	(���ℎ�����	– 	���ℎ�����)	�	���ℎ��ℎ����	

+	(�ℎ���	– 	�ℎ���)	�	�ℎℎ����	

where: 

kWhequip = annual kWh savings from fan/lights/heater changes 

fankwb = existing fan kW 

fankwi = installed fan kW 

fanhours = annual fan operating hours 

lightskwb = existing lighting kW 

lightskwi = installed lighting kW 

lightshours = annual lighting operating hours 

achkwb = existing anti-condensate heater kW 

achkwi = installed anti-condensate heater kW 

achhours = annual anti-condensate heater operating hours 
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The TA study next calculated the impact of the reduction in power of the new equipment on the 

refrigeration load.  The elimination of the fans and lower wattage lighting reduces heat introduced into the 

cooler and subsequently to the compressor.  The vendor calculations also account for a reduction in 

infiltration load through the now closed opening. 

��ℎ���	 = 	 ((3.412/24)	�	(�����	– 	�����)	�	��ℎ����	�	����) 	

+	(���ℎ�����	– 	���ℎ�����)	�	���ℎ��ℎ����	�	���ℎ����) 	

+	(�ℎ���	– 	�ℎ���)	�	�ℎℎ����	�	�ℎ��)) 	+	(��������ℎ	�	��)	

where: 

kWhref = annual kWh savings from interactive refrigeration loads 

3.412 = BTUs per kW 

24 = hours per day 

fankwb = existing fan kW 

fankwi = installed fan kW 

fanhours = annual fan operating hours 

fanlf = fan load factor 

lightskwb = existing lighting kW 

lightskwi = installed lighting kW 

lightshours = annual lighting operating hours 

lightslf = lighting load factor 

achkwb = existing anti-condensate heater kW 

achkwi = installed anti-condensate heater kW 

achhours = annual anti-condensate heater operating hours 

achlf = anti-condensate heater load factor 
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infil btuh = BTUH infiltration load per linear foot of case 

lf = linear feet of reach-in case 

The load factors are percentages that account for the portion of the load that is effectively seen at the 

refrigeration compressor.  The macro modules list these load factors as 1.0 for fans, 0.63 for lighting, and 

0.35 for anti-condensate heaters. 

The calculations also show there are no anti-condensate heater controls.  These heaters are enabled 24 

hours per day in the calculations. 

The infiltration load is fixed at 751 BTUH per linear foot of opening for the reach-in cooler retrofit. 

Total energy savings is the sum of kWhequip and kWhref. 

Discussion of Tracking Analysis 

This tracking methodology provides a comprehensive approach to estimating savings for this measure.  

The baseline values are a composite of measured values and vendor specifications.  The calculations 

account for the change in equipment and performance, interactive refrigeration savings, and infiltration 

savings. 

The percentage of energy savings occurring during energy peak periods was calculated based on the ratio 

of savings during peak periods to total energy savings.  The tracking analysis reported 46% on-peak 

savings, which is the ratio of total peak hours to total annual hours.  The summer and winter peak demand 

savings are calculated using kWhequip equation. The interactive load reduction at the compressors is not 

included in the demand equations.  The compressor efficiency is calculated by a regression analysis 

formula for efficiency based upon the average suction temperature of the system.  The factors creating the 

regression analysis output are not defined in the TA spreadsheet.  The formula yields an efficiency of 1.17 

kW per ton which is an accurate estimate of refrigeration performance. 

Baseline Validity 

Tracking savings are based upon the manufacturer’s specifications for the existing air-curtain fans and 

lighting. This data is further supplemented by monitoring similar loads at other locations.  Baseline 

operation was confirmed through monitoring and discussions with facility personnel.  The reported 

baseline used for this measure is valid. 

Evaluation Methodology 
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A comprehensive site visit was conducted. The modified cooler was examined and the lighting and anti-

condensate heater [ACH] circuits were identified.  

An Elite power logger was installed to monitor lighting and ACH operation.  The monitored data 

provided the operating schedules as well as the average hourly power consumption.  The monitored 

lighting circuit included both the LED rail lighting and the fluorescent ceiling fixtures in the cooler.  

Instantaneous power measurements were taken on the LED lighting at a junction box for use in the 

calculations.  There is very little fluctuation in lighting power usage from hour to hour.  The instantaneous 

power measurement was used with lighting schedule obtained from the power logger to estimate savings. 

Monitored data from the Elite power logger was converted into average hourly kW values.  These values 

are unique for each hour of the day and each day of the week. A “typical” weekly operating schedule was 

created from the data.  That schedule is provided in the Table 2  below. 
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Table 2:  Weekly ACH Operating Schedule 

 

A similar profile was created from the lighting TOU logger.  Table 3 shows that the data reports the 

lighting usage as a percent on for each hour of the week. 

Hour Sun Mon Tue Wed Thu Fri Sat

1 0.333 0.014 0.333 0.333 0.333 0.333 0.333

2 0.052 0.000 0.021 0.021 0.020 0.020 0.052

3 0.033 0.000 0.000 0.000 0.000 0.000 0.033

4 0.033 0.000 0.000 0.000 0.000 0.000 0.033

5 0.033 0.000 0.000 0.000 0.000 0.000 0.033

6 0.033 0.000 0.000 0.000 0.000 0.000 0.033

7 0.033 0.000 0.000 0.000 0.000 0.000 0.033

8 0.033 0.309 0.309 0.309 0.309 0.309 0.312

9 0.312 0.333 0.333 0.333 0.332 0.333 0.333

10 0.333 0.333 0.332 0.332 0.333 0.332 0.333

11 0.333 0.332 0.332 0.332 0.332 0.332 0.333

12 0.334 0.333 0.333 0.333 0.333 0.333 0.334

13 0.333 0.333 0.332 0.333 0.333 0.333 0.333

14 0.333 0.333 0.332 0.333 0.332 0.332 0.333

15 0.333 0.333 0.333 0.333 0.332 0.332 0.333

16 0.333 0.333 0.333 0.333 0.332 0.332 0.333

17 0.333 0.333 0.332 0.333 0.332 0.332 0.333

18 0.334 0.334 0.334 0.334 0.333 0.334 0.334

19 0.333 0.333 0.333 0.333 0.333 0.333 0.333

20 0.333 0.332 0.332 0.333 0.332 0.333 0.333

21 0.333 0.332 0.332 0.333 0.332 0.333 0.333

22 0.333 0.332 0.332 0.333 0.332 0.332 0.333

23 0.302 0.332 0.332 0.333 0.332 0.332 0.332

24 0.049 0.334 0.334 0.334 0.333 0.334 0.334

Evaluation ACH Hourly kW
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Table 3:  Weekly Lighting TOU Schedule 

 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The savings for each hour are summed to 

calculate annual savings.  Summer and winter peak demand savings are generated for the hours in those 

periods using the unique hourly values.  The hourly kW difference is also converted to equivalent BTUs 

and then to tons of refrigeration to estimate savings at the compressors. 

Evaluation Data Collection 

The make, model, and quantity of new glass doors were verified. The quantity, type, location, and power 

of the installed LED lighting was collected and compared to the tracking documentation. The ACH 

Hour Sun Mon Tue Wed Thu Fri Sat

1 15.4% 0.0% 6.0% 6.2% 6.0% 6.0% 15.4%

2 9.9% 0.0% 0.0% 0.0% 0.0% 0.0% 9.9%

3 9.9% 0.0% 0.0% 0.0% 0.0% 0.0% 10.0%

4 9.9% 0.0% 0.0% 0.0% 0.0% 0.0% 9.9%

5 9.9% 0.0% 0.0% 0.0% 0.0% 0.0% 9.9%

6 9.9% 0.0% 0.0% 0.0% 0.0% 0.0% 9.9%

7 9.9% 92.8% 92.8% 92.8% 92.9% 92.8% 93.6%

8 93.7% 99.5% 99.4% 99.4% 99.3% 99.4% 99.4%

9 99.4% 99.3% 99.2% 99.2% 99.3% 99.2% 99.4%

10 99.2% 98.8% 99.2% 99.1% 99.1% 99.1% 99.2%

11 99.2% 96.3% 99.2% 99.2% 99.2% 99.2% 99.3%

12 99.2% 96.2% 98.8% 99.1% 99.1% 99.1% 99.1%

13 99.2% 96.2% 99.2% 99.1% 99.1% 99.1% 99.2%

14 99.4% 96.5% 99.4% 99.3% 99.3% 99.3% 99.4%

15 99.2% 96.6% 99.2% 99.2% 99.2% 99.2% 99.2%

16 99.2% 96.5% 99.2% 99.2% 99.1% 99.2% 99.3%

17 99.3% 96.6% 99.2% 99.2% 99.2% 99.2% 99.3%

18 99.3% 96.5% 99.2% 99.2% 99.2% 99.2% 99.3%

19 99.2% 96.5% 99.1% 99.2% 99.1% 99.1% 99.2%

20 99.3% 96.6% 99.2% 99.2% 99.1% 99.2% 99.3%

21 99.3% 96.5% 99.2% 99.2% 99.1% 99.2% 99.2%

22 90.0% 96.4% 99.2% 99.1% 99.1% 99.1% 99.2%

23 14.7% 96.6% 99.3% 99.2% 99.2% 99.3% 99.3%

24 99.3% 4.1% 96.5% 99.3% 99.2% 99.2% 99.2%

Evaluation Lighting Hourly kW
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circuits were identified.  The operation of the new equipment was discussed with store personnel.  The 

installation was operating without problem. 

The Elite power logger was installed on November 19, 2012.  It recorded average volts, amps, and kW 

every 5-minutes throughout the 74 day monitoring period. The instantaneous power readings were taken 

to help identify the proper circuit and to provide the power for the lighting circuit.  The make, model, and 

specifications of the refrigeration racks were also noted. 

Evaluation Savings Analysis 

Annual savings are calculated in an 8,760 hour spreadsheet. That spreadsheet calculates the operation and 

savings for the lighting, anti-condensate heaters, air-curtain evaporator fans, and interactive refrigeration 

separately. 

A comprehensive review on the electrical circuits in the electrical room and in the dairy cooler was 

performed during the initial site visit.  The electrical panel contained breakers for the LED lighting and 

for the anti-condensate heaters.  New conduit and junction boxes were installed to serve these loads. 

Evaluation monitoring shows that lighting and ACH loads are shut down when the store is closed.  This 

reflects a control strategy that was in place prior to the installation of the new doors.  This produces lower 

than anticipated operation of the lights and ACH. 

The cooler evaporator fans were monitored concurrent with the lights and ACH.  These evaporators are 

used to maintain temperatures in the dairy cooler and are not the air-curtain fans removed in this measure. 

Monitoring shows continuous operation.  A corporate contact stated that air-curtains are generally fed off 

these evaporator circuits and not the lighting/ACH lines. This is done to maintain air-curtain 

effectiveness.  This confirms the continuous operation of the removed fans. 

Lighting 

The power logger schedule provides the duration of lighting operation for each hour of the week.  The 

instantaneous power reading taken on the lighting circuit is multiplied by the percent operation for each 

hour.  That value is subtracted from the baseline lighting kW to obtain savings.  The installed and baseline 

cases use the same operating hours. 

Anti-condensate heaters 

The power data obtained from the Elite power logger is used to estimate a kW value for each operating 

hour of the year.  The anti-condensate heaters are a new load.  ACH was not part of the operation of the 

reach-in cooler and the baseline power for each hour is 0 kW.  The anti-condensate heaters are therefore 

an increase in load over the baseline system.   
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Air-curtain evaporator fans 

This unit is a walk-in cooler with an open wall section facing the store.  Customers can reach through the 

opening to take the dairy product.   Small pony fans circulated air by the case opening.  The air-curtain 

fans provided a separation barrier between the store and cooler.  The air-curtain fans are not the 

evaporator fans located inside the walk-in box, which remove heat from the cooler to maintain the 

required temperature.  These evaporator fans inside the walk-in box were not removed or modified with 

this measure.  The air-curtain fans were removed, leaving no way to verify their size or capacity.  

Tracking documentation was reviewed and the specifications provided for the air-curtain fans were 

determined to be appropriate for the baseline equipment.  The tracking value was accepted and used in the 

savings calculations. The savings represent a removed load and the equivalent installed evaluation value 

is 0 kW. 

Interactive Refrigeration Savings 

Performance data was obtained for the refrigeration system.  A regression analysis formula was created 
between the total refrigeration power [compressors and condenser fans] and outside air wet bulb 
temperatures.  Efficiencies for the system ranged from 1.02 kW/ton at 0°F wb to 1.52 kW/ton at 74°F wb.  

A portion of the heat generated by the ACH and lighting systems is transmitted back into the reach-in 
cases.  The differential power requirements of the ACH, lighting, and fan systems represents a quantity of 
waste heat that must be removed by the compressors. The savings kW is converted to BTUs and then into 
refrigeration tons. The regression analysis formula then provides the efficiency in kW per ton to generate 
the refrigeration savings. 

�����	 = 	 ((�����ℎ��	 + 	���ℎ	 + 	�����)	�	3.413)/12,000)	�	$��	

where 

kWref = refrigeration kW savings 

kWlights = (lighting kW baseline - lighting kW installed) x 50% light to heat diversity factor 

kWach = (ACH kW baseline - ACH kW installed) x 35% ACH to heat diversity factor 

kWfans = (fan kW baseline - fan kW installed) x 100% ACH to heat diversity factor 

3.413 = BTUs per kW 

12,000 = BTUs per ton of refrigeration 
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Eff = efficiency of the refrigeration compressors in kW/ton as calculated using the regression analysis 
formula = 4E-06x3 - 0.0003x2 + 0.0073x + 0.9961 for the specific hourly wet bulb temperature (x). 

Hourly savings were summed to generate annual savings.  Summer and winter demand savings were 

calculated for the hours in those periods.  The savings for day one of the analysis is provided in Table 4 

below. 

Table 4: Calculation Spreadsheet 

 

Figure 1 below shows the daily operating profiles of the monitored anti-condensate heaters. No humidity 

controls are in place. However, a time clock turns the ACH/lighting circuits off when the store is closed 

for approximately 6 hours per day. 

Figure 1: ACH Operating Profile 

Max 0.22 0.33 0.00 0.55 0.31 0.00 1.34 1.65 4.12 5.3

Min 0.00 0.00 0.00 0.00 0.00 0.00 1.34 1.34 2.20 3

Totals 240 Totals 1,423 2,157 0 3,580 2,007 0 11,730 13,737 25,229 35,385

Worcester MA TMY3 Temps

Date Month Day

Day 
of 

Wk
Site 

Holiday
OWB 
Temp

ODB 
Temp Hour

Eval 
Lighting 

kW

Eval 
ACH 
kW

Eval 
Evap 

Fan kW

Site 
Total 
kW

Baseline 
Lighting 

kW

Baseline 
ACH 
kW

Baseline 
Evap 

Fan kW

Total 
Baseline 

kW
Ref kW 
Savings

Total 
kWh 

Savings

1/1/2011 Jan Sat 7 0 25 29 1 0.0342 0.33 0.00 0.37 0.05 0.00 1.339 1.39 2.70 3.72

1/1/2011 Jan Sat 7 0 25 28 2 0.0221 0.05 0.00 0.07 0.03 0.00 1.339 1.37 2.70 4.00

1/1/2011 Jan Sat 7 0 24 28 3 0.0221 0.03 0.00 0.06 0.03 0.00 1.339 1.37 2.70 4.02

1/1/2011 Jan Sat 7 0 24 27 4 0.0220 0.03 0.00 0.06 0.03 0.00 1.339 1.37 2.70 4.02

1/1/2011 Jan Sat 7 0 24 27 5 0.0221 0.03 0.00 0.06 0.03 0.00 1.339 1.37 2.70 4.02

1/1/2011 Jan Sat 7 0 24 26 6 0.0221 0.03 0.00 0.06 0.03 0.00 1.339 1.37 2.70 4.02

1/1/2011 Jan Sat 7 0 23 26 7 0.2078 0.03 0.00 0.24 0.29 0.00 1.339 1.63 2.70 4.09

1/1/2011 Jan Sat 7 0 24 27 8 0.2207 0.31 0.00 0.53 0.31 0.00 1.339 1.65 2.70 3.82

1/1/2011 Jan Sat 7 0 25 29 9 0.2206 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 26 30 10 0.2203 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 26 30 11 0.2204 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 26 31 12 0.2201 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 26 31 13 0.2202 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 25 30 14 0.2206 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 25 30 15 0.2203 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 24 29 16 0.2204 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 23 27 17 0.2205 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 21 26 18 0.2204 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 20 24 19 0.2203 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 18 22 20 0.2203 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.80

1/1/2011 Jan Sat 7 0 16 19 21 0.2203 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.70 3.79

1/1/2011 Jan Sat 7 0 14 17 22 0.2202 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.69 3.79

1/1/2011 Jan Sat 7 0 13 16 23 0.2204 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.69 3.79

1/1/2011 Jan Sat 7 0 12 15 24 0.2203 0.33 0.00 0.55 0.31 0.00 1.339 1.65 2.69 3.78
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Figure 2 shows the monitoring profile of the ACH’s during the monitored period.  A period of continuous 

operation is evident around monitoring hour 791.  This represents an override in time clock control. 

Figure 2: ACH Monitoring Profile 
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Verification of Equipment and Operating Parameters 

Table 5 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 5:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

Air-curtain fan - baseline kW 1.34 1.34 100% 

Air-curtain fan - installed kW 0 0 N/A 

Air-curtain fan -annual hours 8,760 8,760 100% 

Lighting - baseline kW 313 313 100% 

Lighting - installed kW 0.216 0.222 103% 

Lighting -annual hours 8,030 7,408 92% 

ACH - baseline kW 0 0 N/A 

ACH - installed kW 0.372 0.291 78% 

ACH -annual hours 8,760 7,408 85% 

Refrigeration kW/Ton 1.17 1.12 96.0% 

Interactive Refrigeration Tons 15,254 22,457 147.2% 

Most of the measured parameters were close to the tracking estimates.  The savings variance is due to 

ACH operation and in interactive refrigeration savings.  The operating evaluation average 0.291 kW load 
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is 22% less than expected.  However, the ACH also operated 15% less than anticipated due to the 

unoccupied time clock control function. The LED lighting is included in the ACH circuits and controls.  

The connected lighting load is 3.0% greater than expected and the lights operate 8.0% less than 

anticipated. 

The tracking calculations include a 72% diversity factor in the interactive refrigeration savings.  This 

reduces the anticipated refrigeration interaction by 28%. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 25,454 kWh.  The evaluation estimates 

annual energy savings to be 35,385 kWh, resulting in an annual energy savings realization ratio of 139%.  

The savings variance is due to the ACH, lighting, and interactive refrigeration issues discussed above. 

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 

49.0% while the evaluation finds this value to be 46.7% resulting in a realization ratio of 94%.  The 

variance is due to the wet bulb based refrigeration efficiencies that fluctuate with temperature.  The 

extended unoccupied ACH and LED shut down also reduce savings in during the Off-Peak period. 

The summer demand peak reduction is estimated in the tracking analysis to be 3.20 kW.  The evaluation 

estimates the summer demand peak power reduction to be 4.39 kW, resulting in a realization ratio of 

137%.  The variance is due to the wet bulb based refrigeration efficiencies that fluctuate with temperature. 

The winter demand peak reduction is estimated in the tracking analysis to be 2.70 kW, and the evaluation 

found this value to be 3.79 kW, resulting in a realization ratio of 141%.  The variance is due to the wet 

bulb based refrigeration efficiencies that fluctuate with temperature. 
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Application ID: National Grid 872158 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

This project upgrades existing open reach-in dairy coolers with new doors and LED lighting.  Air curtain 

fans are removed from the existing reach-in coolers. 

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 34,433 kWh is 35.0% greater than the tracking estimates. Summer on-peak demand savings are 

36% more than the tracking estimates and winter on-peak demand savings are 39% more than anticipated.  

The savings variance is due to lighting and the interactive refrigeration. The LED lighting inside the reach 

in cases operates 9.0% longer than anticipated.  This additional run time adds to the interactive 

refrigeration savings.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 
Estimate 

Evaluation 
Estimate 

Evaluation / 
Tracking 

Annual Energy (kWh) 25,454 34,433 135% 

% Energy Savings On-Peak 46.0% 46.7% 101% 

Summer On-Peak Demand (kW) 3.20 4.34 136% 

Winter On-Peak Demand (kW) 2.70 3.75 139% 

Project Description 

The existing dairy section utilizes a medium temperature walk-in/reach-in cooler to showcase the dairy 
products in the super market. The walk-in section allows store personnel and vendors to deliver and move 
product.  Customers access dairy product through the reach-in section facing the sales floor.  
Refrigeration is provided by low-profile evaporators piped to the compressor rack in the machine room.  
The existing configuration consisted of open air-curtain front wall coolers, fluorescent strip canopy 
lighting, and conventional shaded-pole upper and lower evaporator fans or air-curtain fans.  The dairy 
case for this project consisted of two 12-foot reach-in boxes. Anti-condensate heaters were not part of the 
baseline equipment.   
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The installed configuration consists of new glass doors and frames, vertical LED strip lighting along each 
door divider, and the elimination of the air-curtain fans.  Anti-condensate heaters are installed with the 
new doors to prevent moisture from condensing on the door frames and glass. 

Tracking Analysis 

Tracking Calculation Methodology 

The TA study included a detailed assessment of the fan and lighting loads of the existing dairy coolers.  

This project was one of 41 similar projects installed across the region.  The TA engineer monitored light 

and fan power across eight different locations and equipment types.  These true power readings were 

complied with, when available, manufacturer performance data.  This combination of data was used to 

create a series of specific lookup variables for the connected lighting and fan loads.  This data was used to 

establish the baseline conditions for this project. 

A macro based Excel spreadsheet was used to calculate the savings for this measure.  The difference in 

connected fan, lighting, and anti condensate heater loads between the existing and installed conditions 

was calculated using the corresponding baseline look-up values and installed equipment specifications. 

��ℎ�����	 = 	 (�����	– 	�����)	�	��ℎ����	 +	(���ℎ�����	– 	���ℎ�����)	�	���ℎ��ℎ����	

+	(�ℎ���	– 	�ℎ���)	�	�ℎℎ����	

Where: 

kWhequip = annual kWh savings from fan/lights/heater changes 

fankwb = existing fan kW 

fankwi = installed fan kW 

fanhours = annual fan operating hours 

lightskwb = existing lighting kW 

lightskwi = installed lighting kW 

lightshours = annual lighting operating hours 

achkwb = existing anti-condensate heater kW 

achkwi = installed anti-condensate heater kW 
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achhours = annual anti-condensate heater operating hours 

The TA study next calculated the impact of the reduction in power of the new equipment on the 

refrigeration load.  The elimination of the fans and lower wattage lighting reduces heat introduced into the 

cooler and subsequently to the compressor.  The vendor calculations also account for a reduction in 

infiltration load through the now closed opening. 

��ℎ���	 = 	 ((3.412/24)	�	(�����	– 	�����)	�	��ℎ����	�	����) 	

+	(���ℎ�����	– 	���ℎ�����)	�	���ℎ��ℎ����	�	���ℎ����) 	

+	(�ℎ���	– 	�ℎ���)	�	�ℎℎ����	�	�ℎ��)) 	+	(��������ℎ	�	��)	

where: 

kWhref = annual kWh savings from interactive refrigeration loads 

3.412 = BTUs per kW 

24 = hours per day 

fankwb = existing fan kW 

fankwi = installed fan kW 

fanhours = annual fan operating hours 

fanlf = fan load factor 

lightskwb = existing lighting kW 

lightskwi = installed lighting kW 

lightshours = annual lighting operating hours 

lightslf = lighting load factor 

achkwb = existing anti-condensate heater kW 

achkwi = installed anti-condensate heater kW 

achhours = annual anti-condensate heater operating hours 
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achlf = anti-condensate heater load factor 

infil btuh = BTUH infiltration load per linear foot of case 

lf = linear feet of reach-in case 

The load factors are percentages that account for the portion of the load that is effectively seen at the 

refrigeration compressor.  The macro modules list these load factors as 1.0 for fans, 0.63 for lighting, and 

0.35 for anti-condensate heaters. 

The calculations also show there are no anti-condensate heater controls.  These heaters are enabled 24 

hours per day in the calculations. 

The infiltration load is fixed at 751 BTUH per linear foot of opening for the reach-in cooler retrofit. 

Total energy savings is the sum of kWhequip and kWhref. 

Discussion of Tracking Analysis 

This tracking methodology provides a comprehensive approach to estimating savings for this measure.  

The baseline values are a composite of measured values and vendor specifications.  The calculations 

account for the change in equipment and performance, interactive refrigeration savings, and infiltration 

savings. 

The percentage of energy savings occurring during energy peak periods was calculated based on the ratio 

of savings during peak periods to total energy savings.  The tracking analysis reported 46% on-peak 

savings, which is the ratio of total peak hours to total annual hours.  The summer and winter peak demand 

savings are calculated using kWhequip equation. The interactive load reduction at the compressors is not 

included in the demand equations.  The compressor efficiency is calculated by a regression analysis 

formula for efficiency based upon the average suction temperature of the system.  The factors creating the 

regression analysis output are not defined in the TA spreadsheet.  The formula yields an efficiency of 1.17 

kW per ton which is an accurate estimate of refrigeration performance. 

Baseline Validity 

Tracking savings are based upon the manufacturer’s specifications for the existing air-curtain fans and 

lighting. This data is further supplemented by monitoring similar loads at other locations.  The baseline 

used for this measure is valid. 

Evaluation Methodology 
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A comprehensive site visit was conducted. The modified cooler was examined and the lighting and anti-

condensate heater [ACH] circuits were identified.  

An Elite power logger was installed to monitor the ACH operation.  The monitored data provided the 

operating schedule for the heaters as well as the average hourly power consumption.  A time-of-use 

logger was installed to monitor the lighting operation. Instantaneous power measurements were taken on 

the lighting circuits for use in the calculations.  There is very little fluctuation in lighting power usage 

from hour to hour.  It was determined that the TOU logger schedule and instantaneous power readings 

provide sufficient data for this part of the installation. 

Monitored data from the Elite power logger was converted into average hourly kW values.  These values 

are unique for each hour of the day and each day of the week. A “typical” weekly operating schedule was 

created from the data.  That schedule is provided in the Table 2  below. 
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Table 2:  Weekly ACH Operating Schedule 

 

A similar profile was created from the lighting TOU logger.  Table 2 shows that the data reports the 

lighting usage as a percent on for each hour of the week. 

Hour Sun Mon Tue Wed Thu Fri Sat

1 0.3834 0.3846 0.3826 0.3835 0.3838 0.3857 0.3831

2 0.3834 0.3850 0.3824 0.3829 0.3845 0.3847 0.3836

3 0.3827 0.3818 0.3816 0.3830 0.3835 0.3847 0.3827

4 0.3821 0.3791 0.3805 0.3809 0.3829 0.3834 0.3821

5 0.3812 0.3793 0.3792 0.3810 0.3823 0.3832 0.3799

6 0.3802 0.3797 0.3805 0.3799 0.3811 0.3813 0.3803

7 0.3816 0.3789 0.3790 0.3802 0.3818 0.3811 0.3804

8 0.3807 0.3778 0.3777 0.3798 0.3826 0.3832 0.3808

9 0.3799 0.3775 0.3764 0.3803 0.3813 0.3809 0.3800

10 0.3797 0.3774 0.3780 0.3802 0.3822 0.3801 0.3797

11 0.3790 0.3793 0.3790 0.3802 0.3815 0.3811 0.3809

12 0.3776 0.3782 0.3791 0.3788 0.3816 0.3800 0.3802

13 0.3778 0.3786 0.3788 0.3778 0.3808 0.3796 0.3801

14 0.3802 0.3774 0.3797 0.3788 0.3807 0.3802 0.3797

15 0.3806 0.3764 0.3783 0.3768 0.3818 0.3800 0.3796

16 0.3798 0.3763 0.3784 0.3783 0.3823 0.3788 0.3803

17 0.3791 0.3775 0.3776 0.3794 0.3805 0.3796 0.3793

18 0.3787 0.3764 0.3773 0.3785 0.3799 0.3801 0.3799

19 0.3787 0.3803 0.3765 0.3805 0.3810 0.3802 0.3803

20 0.3794 0.3790 0.3760 0.3796 0.3811 0.3808 0.3805

21 0.3797 0.3773 0.3778 0.3817 0.3818 0.3814 0.3805

22 0.3823 0.3794 0.3795 0.3804 0.3823 0.3823 0.3809

23 0.3826 0.3784 0.3817 0.3825 0.3844 0.3841 0.3822

24 0.3838 0.3804 0.3830 0.3838 0.3855 0.3831 0.3829

Evaluation ACH Hourly kW
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Table 3:  Weekly Lighting TOU Schedule 

 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The savings for each hour are summed to 

calculate annual savings.  Summer and winter peak demand savings are generated for the hours in those 

periods using the unique hourly values.  The hourly kW difference is also converted to equivalent BTUs 

and then to tons of refrigeration to estimate savings at the compressors. 

Evaluation Data Collection 

The make, model, and quantity of new glass doors were verified. The quantity, type, location, and power 

of the installed LED lighting was collected and compared to the tracking documentation. The ACH 

Hour Sun Mon Tue Wed Thu Fri Sat

1 100% 100% 100% 100% 100% 100% 100%

2 100% 100% 100% 100% 100% 100% 100%

3 100% 100% 100% 100% 100% 100% 100%

4 100% 100% 100% 100% 100% 100% 100%

5 100% 100% 100% 100% 100% 100% 100%

6 100% 100% 100% 100% 100% 100% 100%

7 87% 87% 83% 85% 85% 85% 87%

8 100% 100% 100% 100% 100% 100% 100%

9 100% 100% 100% 100% 100% 100% 100%

10 100% 100% 100% 100% 100% 100% 100%

11 100% 100% 100% 100% 100% 100% 100%

12 100% 100% 100% 100% 100% 100% 100%

13 100% 100% 100% 100% 100% 100% 100%

14 100% 100% 100% 100% 100% 100% 100%

15 100% 100% 100% 100% 100% 100% 100%

16 100% 100% 100% 100% 100% 100% 100%

17 100% 100% 100% 100% 100% 100% 100%

18 100% 100% 100% 100% 100% 100% 100%

19 100% 100% 100% 100% 100% 100% 100%

20 100% 100% 100% 100% 100% 100% 100%

21 73% 100% 100% 100% 100% 100% 100%

22 100% 100% 100% 100% 100% 100% 100%

23 100% 67% 70% 70% 70% 73% 73%

24 100% 100% 100% 100% 100% 100% 100%

Evaluation Lighting Hourly OP %
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circuits were identified.  The operation of the new equipment was discussed with store personnel.  The 

installation was operating without problem. 

The Elite power logger was installed on November 30, 2012.  It recorded average volts, amps, and kW 

every 10-minutes throughout the 67 day monitoring period. The TOU logger was installed at the same 

time. The instantaneous power readings were taken during the initial site visit to help identify the proper 

circuit and to provide the power for the lighting circuit. 

Evaluation Savings Analysis 

Annual savings are calculated in an 8,760 hour spreadsheet. That spreadsheet calculates the operation and 

savings for the lighting, anti-condensate heaters, air-curtain evaporator fans, and interactive refrigeration 

separately. 

Lighting 

The TOU logger schedule provides the duration of lighting operation for each hour of the week.  The 

instantaneous power reading taken on the lighting circuit is multiplied by the percent operation for each 

hour.  That value is subtracted from the baseline lighting kW to obtain savings.  The installed and baseline 

cases use the same operating hours. 

Anti-condensate heaters 

The power data obtained from the Elite power logger is used to estimate a kW value for each operating 

hour of the year.  The anti-condensate heaters are a new load.  ACH was not part of the operation of the 

reach-in cooler and the baseline power for each hour is 0 kW.  The anti-condensate heaters are therefore 

an increase in load over the baseline system.   

Air-curtain evaporator fans 

This unit is a walk-in cooler with an open wall section facing the store.  Customers can reach through the 

opening to take the dairy product.   Small pony fans circulated air by the case opening.  The air-curtain 

fans provided a separation barrier between the store and cooler.  The air-curtain fans are not the 

evaporator fans located inside the walk-in box, which remove heat from the cooler to maintain the 

required temperature.  These evaporator fans inside the walk-in box were not removed or modified with 

this measure.  The air-curtain fans were removed, leaving no way to verify their size.  Tracking 

documentation was reviewed and the specifications provided for the air-curtain fans were determined to 

be appropriate for the baseline equipment.  The tracking value was accepted and used in the evaluation 

savings calculations. The savings represent a removed load and the equivalent installed evaluation value 

is 0 kW. 
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Interactive Refrigeration Savings 

Performance data was obtained for the refrigeration system.  A regression analysis formula was created 
between the total refrigeration power [compressors and condenser fans] and outside air wet bulb 
temperatures.  Efficiencies for the system ranged from 1.02 kW/ton at 0°F wb to 1.52 kW/ton at 74°F wb.  

A portion of the heat generated by the ACH and lighting systems is transmitted back into the reach-in 
cases.  The differential power requirements of the ACH, lighting, and fan systems represents a quantity of 
waste heat that must be removed by the compressors. The savings kWh is converted to BTUs and then 
into refrigeration tons. The regression analysis formula then provides the efficiency in kW per ton to 
generate the refrigeration savings. 

�����	 = 	 ((�����ℎ��	 + 	���ℎ	 + 	�����)	�	3.413)/12,000)	�	$��	

where 

kWref = refrigeration kW savings 

kWlights = (lighting kW baseline - lighting kW installed) x 50% light to heat diversity factor 

kWach = (ACH kW baseline - ACH kW installed) x 35% ACH to heat diversity factor 

kWfans = (fan kW baseline - fan kW installed) x 100% ACH to heat diversity factor 

3412 = BTUs per kWh 

12,000 = BTUs per ton of refrigeration 

Eff = efficiency of the refrigeration compressors in kW/ton as calculated using the regression analysis 
formula = 4E-06x3 - 0.0003x2 + 0.0073x + 0.9961 for the specific hourly wet bulb temperature (x). 

Hourly savings were summed to generate annual savings.  Summer and winter demand savings were 

calculated for the hours in those periods.  The savings for day one of the analysis is provided in Table 4 

below. 

Table 4: Calculation Spreadsheet 
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Table 4 below shows the daily operating profiles of the monitored anti-condensate heaters. The heaters 

operated throughout the monitoring period. No humidity controls are in place and the heaters are expected 

to operate 8,760 hours per year. 

 Figure 1: ACH Operating Profile 

Max 0.22 0.39 0.00 0.60 0.31 0.00 1.34 1.65 4.12 5.2

Min 0.15 0.38 0.00 0.52 0.21 0.00 1.34 1.55 2.20 3

Totals 240 Totals 1,884 3,333 0 5,217 2,692 0 11,730 14,422 25,229 34,433

Worcester MA TMY3 Temps

Date Month Day

Day 
of 

Wk
Site 

Holiday
OWB 
Temp

ODB 
Temp Hour

Eval 
Lighting 

kW

Eval 
ACH 
kW

Eval 
Evap 

Fan kW

Site 
Total 
kW

Baseline 
Lighting 

kW

Baseline 
ACH 
kW

Baseline 
Evap 

Fan kW

Total 
Baseline 

kW
Ref kW 
Savings

Total 
kWh 

Savings

1/1/2011 Jan Sat 7 0 25 29 1 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 25 28 2 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 24 28 3 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 24 27 4 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 24 27 5 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 24 26 6 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 23 26 7 0.19 0.38 0.00 0.57 0.27 0.00 1.34 1.61 2.70 3.74

1/1/2011 Jan Sat 7 0 24 27 8 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 25 29 9 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 26 30 10 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 26 30 11 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 26 31 12 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 26 31 13 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 25 30 14 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 25 30 15 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 24 29 16 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 23 27 17 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.76

1/1/2011 Jan Sat 7 0 21 26 18 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.76

1/1/2011 Jan Sat 7 0 20 24 19 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 18 22 20 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 16 19 21 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.70 3.75

1/1/2011 Jan Sat 7 0 14 17 22 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.69 3.75

1/1/2011 Jan Sat 7 0 13 16 23 0.16 0.38 0.00 0.54 0.23 0.00 1.34 1.57 2.69 3.72

1/1/2011 Jan Sat 7 0 12 15 24 0.22 0.38 0.00 0.60 0.31 0.00 1.34 1.65 2.69 3.74
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Table 6 shows the monitoring profile of the ACH’s during the monitored period.  The consistency in 

ACH operation is observable as is the uniformity of the on/off unoccupied cycles. 

Figure 2: ACH Monitoring Profile 
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Verification of Equipment and Operating Parameters 

Table 5 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 5:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

Air-curtain fan - baseline kW 1.34 1.34 100% 

Air-curtain fan - installed kW 0 0 N/A 

Air-curtain fan -annual hours 8,760 8,760 100% 

Lighting - baseline kW 313 313 100% 

Lighting - installed kW 0.216 0.219 101% 

Lighting - annual hours 8,030 8,760 109% 

ACH - baseline kW 0 0 N/A 

ACH - installed kW 0.372 0.381 102% 

ACH -annual hours 8,760 8,760 100% 

Refrigeration kW/Ton 1.17 1.12 96.0% 

Interactive Refrigeration Tons 15,254 22,456 147.2% 

0.360

0.365

0.370

0.375

0.380

0.385

0.390

1 21 41 61 81 101 121 141 161 181 201 221 241 261 281 301 321 341 361381 401

kW

Monitoring Hour

ACH Operation During Monitoring Period
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Most of the measured parameters were close to the tracking estimates.  The savings variance is due to 

lighting operation and interactive refrigeration savings.  The LED lighting operates 9.0% longer than 

anticipated.  This additional run time also adds to the interactive refrigeration savings. 

The tracking calculations include a 72% diversity factor in the interactive refrigeration savings.  This 

reduces the anticipated refrigeration interaction by 28%. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 25,454 kWh.  The evaluation estimates 

annual energy savings to be 34,433 kWh, resulting in an annual energy savings realization ratio of 135%.  

The savings variance is due to the lighting and interactive refrigeration issues discussed above. 

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 

49.0% while the evaluation finds this value to be 46.7% resulting in a realization ratio of 95%.  The 

variance is due to the wet bulb based refrigeration efficiencies that fluctuate with temperature. 

The summer demand peak reduction is estimated in the tracking analysis to be 3.20 kW.  The evaluation 

estimates the summer demand peak power reduction to be 4.34 kW, resulting in a realization ratio of 

136%.  The variance is due to the wet bulb based refrigeration efficiencies that fluctuate with temperature. 

The winter demand peak reduction is estimated in the tracking analysis to be 2.70 kW, and the evaluation 

found this value to be 3.75 kW, resulting in a realization ratio of 139%.  The variance is due to the wet 

bulb based refrigeration efficiencies that fluctuate with temperature. 
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Application ID: NGRID 735608 

Measure Category: Refrigeration 

Project Type: New Construction 

Summary 

This application saves 104% of the energy originally estimated in the tracking analysis.  The 
primary reason for the increase in savings is reduced lighting fixture operating hours compared 
to the hours predicted by the TA. Results are presented in Table 1 below. 

A retail/grocery facility completed major renovations to its existing refrigerated cases and 
installed new cases for low temperature and medium temperature foods. This evaluation covers 
the new construction portion of the project only.  

This new construction measure installed high-efficiency LED lighting instead of standard 
efficiency fluorescent lighting, lighting fixture occupancy controls, controls in the cooler cases to 
reduce the anti-condensate heater (ACH) operating hours during periods of low outside air 
humidity levels, and electronically commutated (EC) motors in the cooler case evaporator fans 
instead of baseline permanent split capacitor (PSC) motors. 

These measures save electrical energy due to improved evaporator fan motor and lighting 
fixture efficiency, reduced operating hours of the lighting fixtures and anti-condensate heaters, 
and reduced cooling load for the lower LED fixture and EC motor heat output. 

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity
Tracking 

Value

Evaluation 

Value

Evaluation/ 

Tracking

Annual Energy (kWh) 98,105 101,829 104%

% Energy Savings On-Peak 46.0% 47.6% 103%

Summer Peak Diversified kW 8.04 9.70 121%

Winter Peak Diversified kW 14.26 14.19 99.6%  

Project Description 

The facility is a large commercial retailer and is open Monday through Saturday, 8 AM to 11 PM 
and Sundays from 8 AM to 10 PM. The facility operates a night shift for employees to stock 
shelves while the store is closed.   

A total of 35 cooler cases (ten case types) were installed as part of this new construction 
measure. 

Four of the cases are Hill-Phoenix wide, single-deck, low temperature cases of varying lengths. 
The base case for these cases is standard PSC motors and the proposed case is high-efficiency 
EC motors with ACH controls. None of the single-deck coolers are installed with lighting fixtures.  

Fifteen of the cases are Hill-Phoenix multi-deck, medium temperature cases of varying lengths. 
The base case for these coolers is high-efficiency EC motors with T8 fluorescent lighting fixtures 
(The manufacturer only makes these cases with EC motors.). The proposed case is the same 
motors with high-efficiency LED fixtures and occupancy controls. The multi-deck Hill-Phoenix 
cases will not have ACH controls.  
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Fifteen of the cases are Hussman narrow, reach-in, low temperature cases with 2, 3, 4, or 
5 doors. The base case for these cases is standard efficiency PSC motors and T8 fluorescent 
fixtures. The proposed case is high-efficiency EC motors for the evaporator fans, LED fixtures, 
occupancy controls, and ACH controls.  

One of the cases is a Hussman narrow, reach-in, low temperature 4-door case. The base case is 
standard efficiency PSC motors and T8 fluorescent fixtures. The proposed case is high-efficiency 
EC motors for the evaporator fans, LED fixtures, and occupancy controls. This Hussman case 
will not have ACH controls.  

Table 2 provides a summary of the types of cooler cases installed in the facility and the base 
and proposed design assumptions.  

Table 2: New Construction Cooler Cases 

Case Model Cooler Baseline Proposed

Type No. Description Design Design

Hill  Phoenix OWIZ Wide Single Deck, Low Temp, 8 ft 2 Stand. Motors ECMs/ACH Controls

Hill  Phoenix OWEZ Wide Single Deck, Low Temp, End 2 Stand. Motors ECMs/ACH Controls

Hill  Phoenix O5M Multi-Deck, Medium Temp, 6 ft 1 ECMs/T8s ECMs/LEDs/Occ. Controls

Hill  Phoenix O5M Multi-Deck, Medium Temp, 8 ft 7 ECMs/T8s ECMs/LEDs/Occ. Controls

Hill  Phoenix O5M Multi-Deck, Medium Temp, 12 ft 7 ECMs/T8s ECMs/LEDs/Occ. Controls

Hussman RLN Narrow Reach-In, Low Temp, 2 door 4 Stand. Motors/T8s ECMs/LEDs/Occ. Controls/ACH Controls

Hussman RLN Narrow Reach-In, Low Temp, 3 door 1 Stand. Motors/T8s ECMs/LEDs/Occ. Controls/ACH Controls

Hussman RLN Narrow Reach-In, Low Temp, 4 door 1 Stand. Motors/T8s ECMs/LEDs/Occ. Controls/ACH Controls

Hussman RLN Narrow Reach-In, Low Temp, 5 door 9 Stand. Motors/T8s ECMs/LEDs/Occ. Controls/ACH Controls

Hussman RMN Narrow Reach-In, Med. Temp, 4 door 1 Stand. Motors/T8s ECMs/LEDs/Occ. Controls

Total - - - 35 - -

Qty

Island

Multi-

Deck

Reach-

In

Manufacturer

 

Additional renovations at this site that are not included in this measure are retrofitting existing 
cases with EC motors, LED fixtures, occupancy controls, and ACH controls. Sixteen other 
facilities with the same owner were included in the TA’s study of new construction and retrofit 
projects.  

Tracking Analysis 

This section describes the methodologies employed in the original energy study, discusses 
aspects of the methodology that had significant impacts on final energy savings estimates, and 
describes the tracking calculation methodologies. 

Tracking Calculation Methodology 

Energy savings and demand reduction estimates were calculated by the tracking analyst using a 
spreadsheet analysis (with Visual Basic functions). The spreadsheet appears to be a standard 
template used to calculate the savings for EC motor, LED lighting, and ACH control installations 
in different cooler applications. Below is a table detailing the tracking analysis inputs and the 
source of the data.  
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Table 3:  Source of Tracking Analysis Inputs 

Tracking Analysis Input Pre-Retrofit Source Proposed Case Source

Evaporator Fan Motor Demand Vendor Specifications Vendor Specifications

Evaporator Fan Motor Hours Site Site

Lighting Fixture Demand Vendor Specifications Vendor Specifications

Lighting Fixture Hours Site Site

ACH Demand Vendor Specifications Vendor Specifications

ACH Hours N/A N/A

Cooler Length/No. of Doors Vendor Specifications Vendor Specifications

Suction Temperatures N/A N/A  

EC Motors 

The fan motor watts per case in the base and proposed design were obtained from 
manufacturer’s data.  

Each of the cooler cases requires a daily defrost period. The fans in the low temperature cases 
are assumed to run continuously except during defrost period. The fans in the medium 
temperature cases are assumed to operate at all hours, including defrost period.  

The low temperature evaporator fan motor daily operating hours were determined by 
subtracting the daily defrost hours from the total daily hours. All fan operating hours were 
assumed to be equal in the base and proposed case. The TA’s assumptions of defrost 
occurrences per day and duration are shown in Table 4 below. These assumptions are based on 
each manufacturer’s recommended daily defrost durations on the cutsheets for each case 
model.  

Table 4: Daily Defrost Durations for Cooler Cases 

Cooler Type Times/day Minutes/Day Total Hours/Day

Low Temp / OWIZ-OWEZ 3 20 1.0

Low Temp / RLN 1 20 0.3

Mid Temp / O5M 6 26 2.6

Mid Temp / RMN 1 60 1.0  

The total EC motor energy savings were calculated with the following equation: 

EC Motor Energy Savings, kWh = 

8,760 hrs*[(Baseline Motor kW–EC Motor kW)*(24 hrs–Daily Defrost Hrs)/24 hrs/day] [1] 

Lighting 

The fixture watts per case in the base and proposed design were obtained from manufacturer’s 
data.  

The lighting fixtures were assumed to turn off during the defrost periods in the medium 
temperature cases. It is unclear why this is the case.  

All cases with the LED retrofit also have occupancy controls. Each case has its own occupancy 
sensor, which turns the lights on when someone enters the aisle and off when no motion is 
detected. For cases with the proposed LEDs, the TA assumed an average daily operating hour 
reduction of 2.74 hours/day from the occupancy controls. The daily operating hour reduction is 
based on 24 hour baseline operation.  
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The total lighting and occupancy control energy savings were calculated with the following 
equation.  

LED/Occupancy Control Energy Savings, kWh = 

8,760 hrs*[(Base T8 kW * Base Daily Hours)–(LED kW * Proposed Daily Hrs)/24 hrs/day] [2] 

Anti-Condensate Heater Controls 

The ACH controls were installed on only the low temperature cases (19 cases, 6 case types). 
The TA assumed an annual ACH operating hour reduction of 49% for the cases with the ACH 
controls. The base case assumes continuous operation of the anti-condensate heaters. The 
proposed case heaters were assumed to operate all hours of the day during summer months 
and turn off during all winter months.  

ACH Control Energy Savings, kWh = 

8,760 hrs*[(ACH kW)*(24 Hrs*(1-49%))/24 hrs/day]  [3] 

The total fan motor, LED, and ACH energy savings were 79,426 kWh.  

Refrigeration Load Reduction 

The tracking analyst determined the load per foot of case, load per door, and/or load per fan 
for each case type. It is not clear how these values were determined. The total load per case 
(Btu/hr) in the baseline design was calculated based on the case length, number of doors, and 
number of evaporator fans.  

The load/fan or load/door was reduced for the proposed case load. It is not clear how the 
proposed loads were determined.  

Suction temperatures were also assumed for each of the cases. The low temperature cases 
assumed a suction temperature of -26˚F and the medium temperature cases 18˚F. The 

equipment performance (kW/ton) was calculated using the following equation, where the 
constants were given different values depending on the season.  

Base Refrigeration Energy = C1 + C2 * Suction Temp, F + C3 * (Suction Temp, F)2 [4] 

The TA calculated the refrigeration load reductions as the difference in the baseline and 
proposed refrigeration load multiplied by the refrigeration equipment performances for medium 
and low temperature cases. An average performance value was not calculated. The total 
refrigeration energy savings are 18,589 kWh, the sum of the savings from the medium and low 
temperature cases.  

Refrigeration Load Reduction Energy Savings, kWh = 

Equipment Performance, kW/Btu/h * (Base Load, Btu/h – Proposed Load, Btu/h) [5] 

Energy Savings Summary 

The total energy savings for these new construction measures is the sum of the fan motor, LED, 
occupancy sensor, ACH control, and refrigeration load energy savings. The TA calculated annual 
energy savings of 98,015 kWh for these measures. It appears the TA may have reported the 
annual energy savings as 98,105 kWh rather than the calculated value of 98,015 kWh.  

The percentage of energy savings occurring during energy peak periods was calculated based 
on the ratio of savings during peak periods to total energy savings.  The tracking analysis 
reported 46% on-peak savings, which is the ratio of total peak hours (4,048 hours) to the total 
annual hours (8,760 hours). The evaluator expects that the evaporator fans operate 
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continuously, but it is assumed that the majority of the lighting and ACH control savings would 
occur overnight during periods of reduced occupancy and low OA humidity periods.  

The summer peak demand reduction was calculated as the average demand reduction in June, 
July, and August. The anti-condensate heaters were expected to operate all hours of the day 
during the summer months, so there are no summer demand savings from the ACH controls. 
The claimed summer demand reduction is 8.04 kW.   

The winter peak demand reduction was calculated as the average demand reduction in 
December and January. The anti-condensate heaters are expected to be off for all of the winter 
hours, increasing the average demand reduction. The claimed winter demand reduction is 
14.26 kW. 

Evaluation Methodology 

The evaluator applied a similar calculation methodology to the tracking analysis. Both studies 
use an Excel spreadsheet analysis to calculate installed case energy use.  The evaluator differs 
from the tracking analyst by using metered data for the installed motor demand, lighting fixture 
demand, fixture operating hours, ACH demand, and ACH operating hours. Where possible, all 
installed motors, lights, and heaters were metered. The general outline for the evaluation 
methodology is below. 

EC Motors:   

1. Since a baseline motor was not available to meter, the evaluator used the same baseline 
W/fan from the manufacturer’s data as the TA.  

2. Spot meter the demand of the installed evaporator fan motors for all cases with the EC 
motor measure (20 units) for 5 minutes.  

3. Install amperage logger to meter the operating hours of installed evaporator fan motors 
for 7 units for 3 weeks. Use metered data to calculate base and proposed annual 
operating hours. 

4. Peak energy savings and super peak demand reductions were calculated based on the 
operating hours during those periods.  

LED Fixtures and Occupancy Controls: 

1. Use same source of baseline fixture wattage as TA.  

2. Spot meter demand of installed LED fixtures for all cases with the LED and occupancy 
control measure (31 units) for 5 minutes.  

3. Use TA’s assumption that base case fixtures are on 24/7 with the exception of brief daily 
defrost periods.  

4. Install amperage logger on 12 units to meter the installed fixture operating hours for 
3 weeks. Use metered data to calculate annual proposed operating hours.  

5. Collect data and determine annual energy savings for LED fixtures based on reduced 
watts per fixture and reduced operating hours from occupancy controls. Refrigeration 
load savings for this measure are described below.  

ACH Controls: 

1. Use TA’s assumption that ACHs run 24/7 in the base case.  
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2. Spot-meter the demand of the ACH for 11 units (all available on electrical panel) with 
ACH controls for 5 minutes.  

3. Install amperage logger on the ACH for 3 units to meter the installed ACH current and 
operating hours for 2 weeks. Use metered data to calculate proposed annual operating 
hours.  

4. Collect data and determine annual energy savings for ACH controls based on reduced 
operating hours.  

Refrigeration Load Savings 

1. Create 8,760 hour model with TMY3 weather data to calculate seasonal refrigeration 
system performance. The refrigeration equipment is assumed to be air-cooled, so the 
condensing temperature and performance will vary with outside air temperatures.  

2. Use 8,760 model results to calculate the refrigeration demand savings from reduced 
motor, fixture, and anti-condensate heat output. 

Combined: 

1. Total energy savings will be calculated as the combination of EC motor, LED fixture, 
occupancy controls, ACH operating hour reduction, and refrigeration load savings for all 
cooler cases.  

Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 

Table 5:  Summary of Evaluation Metering and Trend Data 

EC Motors Fixture & Controls ACH Controls

Parameter
1) Motor Demand, kW

2) Operating hours

1) Fixture Demand, kW

2) Operating hours

1) Heater Demand, kW

2) Operating hours

Type of Measurement 

Equipment

1) Power, kW

2) Current, Amps

1) Power, kW

2) Current, Amps

1) Power, kW

2) Current, Amps

Qty of Measurement 

Equipment

1) 20 units

2) 7 units

1) 31 units

2) 12 units

1) 11 units

2) 3 units

Model of Measurement 

Equipment

1) Yokogawa Meter

2) HOBO Logger

1) Yokogawa Meter

2) HOBO Logger

1) Yokogawa Meter

2) HOBO Logger

Installation Temporary Temporary Temporary

Observation Frequency
1) 1 Second

2) State (on/off)

1) 1 Second

2) State (on/off)

1) 1 Second

2) 1 Minute

Metering Duration
1) 5 Minutes

2) 3 Weeks

1) 5 Minutes

2) 3 Weeks

1) 5 Minutes

2) 2 Weeks

Base or Installed Installed Installed Installed

Metered By Evaluator Evaluator Evaluator  
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Evaluation Savings Analysis 

The evaluator collected spot metered data and long term metered data for the cases. This 
section describes how the evaluator used the data to compare the energy savings to the TA’s.  

EC Motors 

Installed 

Spot metered data for the installed evaporator fan motors was collected for all of the cases with 
the ECM measure.  

The initial analysis of the spot metered data showed higher-than-predicted proposed motor 
current and demand for all of the cases with the new motors (~2 to 4 times higher). Table 6 
below shows a comparison of the TA’s proposed W/fan demand and the evaluator’s preliminary 
W/fan demand data.  

Table 6: Preliminary Comparison of Proposed Evaporator Fan Motor Demand 

Case Proposed W/fan Proposed W/fan

Description TA Evaluation Eval/TA

Hill-Phoenix - single deck 4 11 48 432%

Hussmann RLN (5-door) 3 18 81 448%

Hussmann RLN (5-door) 3 18 74 411%

Hussmann RLN (5-door) 3 18 66 364%

Hussmann RLN (3-door) 1 18 74 409%

Hussmann RLN (4-door) 1 18 74 409%

Hussmann RLN (2-door) 1 18 70 389%

Hussmann RLN (2-door) 1 18 70 389%

Hussmann RLN (2-door) 1 18 70 389%

Hussmann RLN (4-door) 1 18 40 222%

Hussmann RLN (2-door) 1 18 40 222%

Total 20 17 64 371%

Qty

 

The metered demand readings for 14 of the 20 cases were also ~140-160% higher than the 
manufacturer’s baseline motor demand. The evaluator investigated this discrepancy by 
contacting a manufacturer’s representative at both Hill-Phoenix and Hussmann.  

The technical support representative at Hill-Phoenix confirmed that the cooler’s evaporator fans 
and drain heater are on the same circuit and the drain heaters run constantly. The evaluator 
then was able to remove the drain heater demand (15 W/unit for the OWEZ models, 30 W/unit 
for the OWIZ models) from the metered data by using a ratio of fan demand per unit to drain 
heater demand per unit from each unit’s cutsheet. However, the resulting evaporator fan 
demand was still much higher than the demand listed on the manufacturer’s cutsheets (28 
W/fan compared to 11 W/fan).  

It is unclear what else may have been included in the Hill-Phoenix metered data besides the 
drain heater demand. Both the anti-condensate heater demands (187 W/case to 314 W/case) 
and the defrost heater demands (1,200 W/case to 1,600 W/case) are too high to have been 
included. The evaluator also confirmed with the manufacturer that the lights on the super 
structure for the OWIZ models would be on a separate circuit.  

The final W/fan for the Hill-Phoenix cases was found by applying the average ratio of metered 
to manufacturer demand data for the other 16 cases to the manufacturer demand data for the 
Hill-Phoenix cases. This resulted in 12 W/fan for the four Hill-Phoenix cases. It was not 
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appropriate to use the actual metered data for Hussmann cases because the Hill-Phoenix and 
Hussmann cases are not similar in shape or function.  

The Hussmann technical support representative confirmed that the drain heater demand was 
not included in the metered data for the Hussman evaporator fan motors. The drain heaters are 
on a separate defrost circuit and only turn on when the evaporator fans turn off. The door anti-
condensate heaters are also on their own relay and their demand was metered during ACH 
control metering (discussed below). However, from the wiring diagram it appears the frame 
anti-condensate heaters are on the same relay as the evaporator fans. There is also a note on 
the Hussmann cutsheet that states “Hussmann recommends against frame heater cycling…to 
prevent door seals from freezing to the frames and tearing.” Based on the wiring diagram and 
this note, the evaluator assumed that the frame heater demand was included in the evaporator 
fan metered data.  

This issue was discussed with other evaluation firms involved with analysis of these measures 
for similar case models at other locations to finalize a cohesive plan for this measure. The 
evaluation firms agreed that the frame heaters are on the same circuit as the evaporator fans in 
the Hussmann coolers and do not cycle. It was assumed that the logged data captured both the 
evaporator fan and frame heater demand. The ratios of the rated motor demand and frame 
heater demand were applied to the metered demand to separate the fan motor from the frame 
heater demand.  

Table 7 below provides a comparison of the loads included in the EC motor data for each 
manufacturer.  

Table 7: Comparison of Loads Included in ECM Data 

Manufacturer
Fan 

Motors

Drain 

Heaters
Lights

Defrost 

Heaters

Frame 

Heaters*

Door 

Heaters*

Hill-Phoenix   No No - -

Hussmann  No No No  No

* "-" indicates this item not included in unit.  

Table 8 below shows a comparison of the TA’s proposed W/fan demand and the evaluator’s 
adjusted proposed W/fan demand data. 

Table 8: Comparison of Proposed Evaporator Fan Motor Demand 

Case Proposed W/fan

Description TA Evaluation Eval/TA

Hill-Phoenix - single deck 4 11 12 108%

Hussmann RLN (5-door) 3 18 22 124%

Hussmann RLN (5-door) 3 18 20 113%

Hussmann RLN (5-door) 3 18 18 101%

Hussmann RLN (3-door) 1 18 20 113%

Hussmann RLN (4-door) 1 18 20 113%

Hussmann RLN (2-door) 1 18 19 108%

Hussmann RLN (2-door) 1 18 19 108%

Hussmann RLN (2-door) 1 18 19 108%

Hussmann RLN (4-door) 1 18 17 96%

Hussmann RLN (2-door) 1 18 11 62%

Total 20 17 18 105%

Qty
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Long term metered data for three weeks was collected for seven of the case models with the 
EC motors. The long-term metered data shows consistent 24 hour daily use for all of the seven 
cases. Therefore it was assumed that the motors operate during all annual hours.  

The installed evaporator fan motor annual energy use was calculated to be 12,298 kWh.  

Since the motors operate 24/7, the peak energy use was determined by multiplying the total 
annual energy use by the ratio of peak hours to total annual hours. The peak energy use is 
5,705 kWh.  

Base Case 

The TA used manufacturer’s cutsheets to determine the base case motor demand. The 
evaluator confirmed the base case motor values on the cutsheets. The base case motors are 
standard-efficiency shaded pole motors and qualify as a base case option for this measure.  

Therefore, the evaluator used the TA’s assumptions of base case motor demand and the 
evaluator’s metered operating hours to calculate the baseline motor annual energy use. The 
baseline annual energy use was calculated to be 29,380 kWh. The peak energy use is 
13,834 kWh.  

Energy Savings 

Energy savings for the evaporator fan motor measure were calculated to be 17,521 kWh. The 
peak energy savings are 8,128 kWh. The percent of energy savings that occur during peak 
periods is 46%.  

The summer demand reduction is 2.00 kW and winter demand reduction is 2.00 kW since the 
motors operate during all hours of the year.   

LED Fixtures & Occupancy Controls 

Installed 

The evaluator collected spot-metered data for 31 of the cooler cases (8 cooler model types) 
with the new LED lighting fixtures to determine average installed lighting fixture demand.  

The spot-metered data for the multi-deck cases (15x Hill Phoenix O5M cases) showed an 
average demand of two to four times higher than the base case. Since something else may 
have been captured in the metered data or the electrical cabinet may have been mislabeled, the 
evaluator used the Hill-Phoenix baseline demand and the average percent reduction for the 
other 16 coolers, or 78%, to determine the installed demand.  

Table 9 below shows a comparison of the base case demand and metered demand for each of 
the coolers with the installed LED fixtures. This table does not include the high demand data for 
the Hill-Phoenix coolers.  
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Table 9: Comparison of Base Case & Metered Demand for Lighting Fixtures 

TA Evaluation  

Manu.
Model 

No. 
Description Qty

Base 

Watts

Proposed 

Watts

% 

Reduction

Metered 

Watts

% 

Reduction

Narrow Reach-In, Low Temp, 2 door 1 180 58 68% 30 83%

Narrow Reach-In, Low Temp, 2 door 1 180 58 68% 30 83%

Narrow Reach-In, Low Temp, 2 door 1 180 58 68% 30 83%

RMN Narrow Reach-In, Medium Temp, 4 door 1 300 116 61% 45 85%

RLN Narrow Reach-In, Low Temp, 2 door 1 180 58 68% 30 83%

Narrow Reach-In, Low Temp, 5 door 1 360 145 60% 90 75%

Narrow Reach-In, Low Temp, 5 door 1 360 145 60% 90 75%

Narrow Reach-In, Low Temp, 5 door 1 360 145 60% 90 75%

Narrow Reach-In, Low Temp, 5 door 1 360 145 60% 90 75%

Narrow Reach-In, Low Temp, 5 door 1 360 145 60% 90 75%

Narrow Reach-In, Low Temp, 5 door 1 360 145 60% 90 75%

Narrow Reach-In, Low Temp, 5 door 1 360 145 60% 91 75%

Narrow Reach-In, Low Temp, 5 door 1 360 145 60% 91 75%

Narrow Reach-In, Low Temp, 5 door 1 360 145 60% 91 75%

Narrow Reach-In, Low Temp, 3 door 1 240 87 64% 55 77%

Narrow Reach-In, Low Temp, 4 door 1 300 116 61% 73 76%

Hussmann

Hussmann

RLN

RLN

 

The manufacturer’s data for the Hill-Phoenix medium temperature cases shows an average 
percent reduction of 58% between the baseline and installed fixtures. Since this value is similar 
to the manufacturer’s data for the Hussmann cases (62% reduction), the same 78% reduction 
from the metered data was applied to the Hill-Phoenix cases with uncertain metered data.  

Therefore, the total demand for all of the cooler fixtures in the installed case is 1.30 kW.  

Long-term metered data was collected for 6 of the cooler cases (4 cooler model types) with the 
lighting fixture occupancy sensors to determine annual operating hours. The metered operating 
hours were exprapolated to annual operating hours by calculating the percent of total metered 
hours the fixtures were operating during weekdays and weekends. Table 10 below provides a 
summary of this calculation.  
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Table 10: Average Hourly Runtime for Installed Lighting Fixtures 

Hour Weekday Weekend Average

1 0% 0% 0%

2 0% 0% 0%

3 0% 0% 0%

4 0% 0% 0%

5 0% 0% 0%

6 100% 99% 100%

7 100% 100% 100%

8 100% 100% 100%

9 100% 100% 100%

10 100% 100% 100%

11 98% 100% 99%

12 100% 100% 100%

13 100% 100% 100%

14 100% 100% 100%

15 100% 100% 100%

16 100% 100% 100%

17 100% 100% 100%

18 100% 100% 100%

19 100% 100% 100%

20 100% 100% 100%

21 100% 100% 100%

22 100% 50% 75%

23 0% 0% 0%

24 0% 0% 0%

Average 71% 69% 70%  

Since the weekday and weekend fixture operation is comparable, the average hourly operation 
was used to calculate the annual operating hours for the installed lighting fixtures. The average 
hourly ratios were imported to an 8,760 model to determine the total annual and on-peak 
operating hours. The total annual operating hours for the installed lighting fixtures are 
6,109 hours and the operating hours during peak periods are 4,060 hours (69.7% and 99.9% of 
total annual hours, respectively).  

Therefore, the installed case lighting annual energy use was calculated to be 8,137 kWh. The 
peak energy use is 5,409 kWh.  

Base Case 

The evaluator used the manufacturer’s cutsheets to verify the base case fixture demand. The 
listed baseline fixture wattages correspond to appropriate standard-efficiency fluorescent T8 
fixture wattages. 

The TA assumed that the lighting fixtures would be on continuously except for brief daily 
defrost periods (0.3 to 2.6 hours per day, depending on case type). The evaluator was able to 
confirm that the fixtures in other existing cases were left on 24/7 but could not confirm the 
daily defrost hours.  

The evaluator used the TA’s assumptions of base case lighting fixture demand and operating 
hours to calculate the base fixture annual energy use. The base lighting annual energy use was 
calculated to be 48,601 kWh. The peak energy use is 23,647 kWh.  
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Energy Savings 

Energy savings for the lighting measure were calculated to be 40,464 kWh. The peak energy 
savings are 18,238 kWh.  

The summer and winter peak demand reductions are equal to the total fixture watts saved 
because the lighting fixtures operate 100% of both demand periods. The summer demand 
reduction is 4.49 kW and winter demand reduction is 4.49 kWh.  

Anti-Condensate Heater Controls 

Installed 

The evaluator collected spot-metered data for five of the case types installed with the anti-
condensate heater (ACH) controls. The spot-metered data shows consistent demand for each of 
the heaters ranging from 270 W/case to 440 W/case. The data shows a slight reduction in 
heater demand compared to the TA. The average demand percent reduction of 6% was applied 
to the cases with ACH controls that could not be spot-metered. Table 11 below provides a 
summary of which cases were metered and which cases were missing from the panel and 
whose ACH demand needed to be calculated based on the 6% reduction.  

Table 11: Summary of Cases Metered vs. Cases Calculated 

Case ID Description Qty
TA 

Watts

Evaluation 

Watts

METERED

A02 Narrow Reach-In, Low Temp, 5 door 3 1,389 1,271

A03 Narrow Reach-In, Low Temp, 5 door 3 1,389 1,300

A04 Narrow Reach-In, Low Temp, 5 door 3 1,389 1,320

A06-1 Narrow Reach-In, Low Temp, 3 door 1 278 270

A06-2 Narrow Reach-In, Low Temp, 4 door 1 370 360

MISSING FROM PANEL (Applied 6% W Reduction)

A01A Wide Single Deck, Low Temp, 8 ft 1 314 295

A01B Wide Single Deck, Low Temp, 8 ft 1 314 295

A01C Wide Single Deck, Low Temp, End Cap 1 187 176

A01D Wide Single Deck, Low Temp, End Cap 1 187 176

AB01 Narrow Reach-In, Low Temp, 2 door 1 185 174

AB02 Narrow Reach-In, Low Temp, 2 door 1 185 174

AB03 Narrow Reach-In, Low Temp, 2 door 1 185 174

AB05 Narrow Reach-In, Low Temp, 2 door 1 185 174

Total - 19 - -  

The spot-metered data was collected during the fall and did not show any cycling during the 
4-minute metering period. For that reason, the evaluator returned to the site during the winter 
to install long-term meters on one of the heaters installed with the ACH controls. The long-term 
metered data shows consistent daily cycling between ~0.34 amps and ~11.5 amps. Figure 1 
below shows the cycling of the ACH on one of the cases during a three day period.  
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Figure 1: Seasonal Winter Cycling Operation of Anti-Condensate Heater 

0

2

4

6

8

10

12

14

C
u

rr
en

t,
 a

m
p

s

December 2012

 

Analysis of the long-term metered data shows the ACH was “on” for an average of 16% during 
the entire metering period with no time of day variation.  

Since the ACH operation is expected to vary with outside air temperature and the fall metering 
showed no cycling operation, the evaluator adhered to the TA’s assumption that the heaters 
would be on 100% of the time during the summer hours. The ratio of time the ACHs are on 
during the spring and fall was calculated as an average of the winter and summer percent “on,” 
or 58%. Therefore the ACHs operate an average of 58%, compared to 49% assumed by the 
TA.   

The long-term metered data also showed that the heaters consume some demand when they 
are cycled “off.” The ratio of the current “off”, 0.37 amps, to the “on” current, 11.5 amps, is 
~3%. This ratio was applied to the “on” demand of each of the heaters to calculate how much 
energy they consume when cycled off.  

The evaluator also calculated the ratio of time during the metered peak periods the heaters are 
on. During the peak energy period of 6 AM to 10 PM, the heaters are on 17% of the time. 
During the summer peak demand period of 1 PM to 5 PM, the heaters are on 18% of the time, 
and during the winter period of 5 PM to 7 PM the heaters are on 17% of the time. The similarity 
of these periods indicates that the ACH operation is not dependent on the time of day.  

Annual energy use for the ACHs was calculated by multiplying the “on” demand by the total 
annual hours (8,760 hours) and the average annual ratio of time on (58%), and adding the 
“off” demand multiplied by the total annual hours (8,760 hours) and the average annual ratio of 
time off (42%). The total annual energy use in the proposed case is 32,064 kWh. The peak 
energy use is 14,935 kWh.  
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Base Case 

The evaluator used the TA’s assumption that the ACHs are on 24/7 in the base case, but used 
the metered demand data for the heaters to calculate annual energy use. The evaluator 
calculated a total base case energy use of 53,957 kWh compared to 57,439 kWh in the TA.  

Energy Savings 

The energy savings for this measure are 21,893 kWh. The peak energy savings are 
10,097 kWh.  

The summer demand reduction is 0.0 kW and the winter demand reduction is 4.97 kW. There is 
no demand reduction in the summer since the ACHs operate 24/7 during the summer months. 
The majority of the savings occur during the winter. 

Refrigeration Load Reduction 

Refrigeration savings result from decreased motor heat output in the installed case. The 
refrigeration demand savings were calculated using an 8,760 hour model with Worcester 
weather data.  

Since the refrigeration equipment is air-cooled, the evaluator used performance data for a 
standard-efficiency Copelametic 3DK3R15ME air-cooled compressor to estimate how 
performance varies with outside air temperature (OAT). The Copelametic compressor was 
chosen because it used in a similar commercial grocery facility and served medium and low 
temperature merchandise display cases. 

The Copelametic compressor performance is constant at ~1.0 kW/ton up to 70˚F OAT. Above 

70˚F OAT, the performance worsens as the temperature increases. At 100˚F OAT, the 

compressor performance is 1.44 kW/ton. The condenser performance varies from 0.14 kW/ton 
at 77˚F OAT to 0.0 kW/ton at 18˚F OAT. The total refrigeration system performance is the sum 

of the compressor and condenser performance. Using the Worcester TMY3 weather data, the 
total performance varies from 1.384 kW/ton at 91˚F to 1.008 kW/ton at -11˚F.  

Figure 2 below shows how the compressor, condenser, and total refrigeration system 
performance vary with outside air temperature.  
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Figure 2: Refrigeration System Performance Varying with OAT 
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The total demand per cooler in the base case and installed case were converted to refrigeration 
load in tons. The evaporator fans and ACHs run constantly, but daily operating hour ratios per 
cooler for the lighting fixtures were calculated to determine the average hourly run time.  

The difference between the base and installed case refrigeration load was multiplied by the 
total refrigeration performance in kW/ton and the percent hourly operation at each hour of the 
year to determine the refrigeration demand savings.  

Energy Savings 

The total refrigeration demand savings for each cooler were summed to calculate the annual 
energy savings. The evaluator calculated the annual refrigeration energy savings as 
21,952 kWh. The energy savings that occur during peak hours are 12,003 kWh.  

The summer peak demand reduction is 3.21 kW and the winter peak demand reduction is 
2.73 kW.   

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and 
evaluation analysis.  Reasons for discrepancies are presented as well as their qualitative impacts 
on final project energy savings realization. Table 12 below provides a comparison of the TA and 
evaluation energy savings by category.  
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Table 12: Energy Savings Breakdown by Category 

TA Evaluation Eval/TA

Annual 

Savings, 

kWh

% of Total 

Savings

Annual 

Savings, 

kWh

% of Total 

Savings

Annual 

Savings, 

kWh

EC Motors 18,311 19% 17,521 17% 96%

LED & Controls 31,820 32% 40,464 40% 127%

ACH Controls 29,294 30% 21,893 21% 75%
Refrig. Load Reduction 18,589 19% 21,952 22% 118%

Total 98,015 100% 101,829 100% 104%

Energy Conservation 

Measure Category

 

EC Motors 

The evaluator calculated annual energy savings from the evaporator fan EC motors as 
17,521 kWh compared to 18,311 kWh in the TA.  

The reduction in energy savings can be explained by a higher installed motor demand than was 
proposed. The reduction is partially countered by an increase in annual operating hours than 
assumed by the TA.  

Table 13 below compares the major inputs for the motor demand savings.  

Table 13:  Comparison of Major Inputs for the Evaporator Fan Motors1 

Input TA Evaluation Eval/TA

Annual Operating Hours 8,631 8,760 101%

Base Motor kW 3.40 3.40 100%

Installed Motor kW 1.28 1.40 109%

Annual Energy Savings, kWh 18,311 17,521 96%  

LED Fixtures & Occupancy Controls 

The evaluator calculated annual energy savings from the LED fixtures and occupancy controls 
to be 40,464 kWh compared to 31,820 kWh in the TA.  

The increase in energy savings can be explained by an increase in LED fixture demand savings 
(reduced LED fixture demand than assumed by the TA) and a decrease in annual fixture 
operating hours (from the occupancy controls) than assumed by the TA.  

Table 14 below compares the major inputs for the LED fixture savings.  

Table 14:  Comparison of Major Inputs for the LED Fixtures1 

Input TA Evaluation Eval/TA

Base Avg Annual Operating Hours 8,345 8,345 100%

Total Base Lighting Fixture kW 5.82 5.82 100%

Proposed Avg Annual Operating Hours 7,159 6,109 85%

Total Installed LED Fixture kW 2.29 1.33 58%

Annual Energy Savings, kWh 31,820 40,464 127% 1
 

                                                 

1 The total annual energy savings do not match the calculation of average annual operating hours 

multiplied by total motor or lighting fixture wattage due to mathematical differences. The average annual 
operating hours are based on the weight of the baseline demand, not the proposed demand.  
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Anti-Condensate Heaters 

The evaluator calculated annual energy savings from the anti-condensate heater controls as 
21,893 kWh compared to 29,294 kWh in the TA. 

The reduction in energy savings can be explained by the increase in percent of time “on” during 
winter months as metered by the evaluator. The TA assumed the controls would turn the 
heaters completely off during the winter. The evaluator calculated that the heater would be on 
16% of the time during winter months. 

The evaluator also calculated slightly reduced anti-condensate heater demand than predicted by 
the TA, but also found that the heater demands are not 0 kW when they cycle “off” because a 
reduced current still flows to the heater.   

Table 15 below compares the major inputs for the ACH control savings.  

Table 15: Comparison of Major Inputs for the ACH Controls 

Input TA Evaluation Eval/TA

ACH Operating Hours

        Winter 0 354 N/A

        Spring 1,051 1,272 121%

        Summer 2,190 2,190 100%

        Fall 1,051 1,272 121%

ACH - On kW 6.56 6.16 94%

ACH - Off kW 0.00 0.20 N/A

Annual Energy Savings, kWh 29,294 21,893 75%  

Refrigeration Load 

The evaluator calculated refrigeration energy savings of 21,952 kWh compared to 18,589 kWh 
by the TA.  

The TA’s method of calculating refrigeration load savings is not clear. It appears the TA 
assumed a load per foot or a load per door value for each of the cases. It is not clear where 
these values came from.  

The TA’s calculation method for refrigeration savings does not seem accurate. The TA used 
coefficients to calculate the refrigeration system performance based on case suction 
temperature. It is not clear what units the system performance is in since the load in Btu/h is 
multiplied by the performance, but it is estimated that the performance is in kW/ton.  

Assuming the TA’s performance is in kW/ton, the performance for the medium temperature 
cases is 0.69 kW/ton (based on an 18˚F suction temperature) and 1.33 kW/ton for the low 

temperature cases (-26˚F suction temperature), resulting in an overall average refrigeration 

system performance of 1.036 kW/ton. This average performance is more efficient than what 
was calculated by the evaluator, which may be a source of higher energy savings in the 
evaluation.   

Table 16 below compares the major inputs for the refrigeration load savings.  

Table 16: Comparison of Major Inputs for the Refrigeration Load Reduction 

Input TA Evaluation Eval/TA

Avg. Refrigeration Performance, kW/ton 1.036 1.122 108%

Annual Energy Savings, kWh 18,589 21,952 118%  
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Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 98,105 kWh.  The evaluation 
estimates annual energy savings to be 101,829 kWh, resulting in an annual energy savings 
realization ratio of 104%.  As discussed in the previous section the increase in savings is due to 
lower annual lighting operating hours than predicted by the TA.  

The percentage of savings occurring during energy peak periods estimated in the tracking 
analysis is 46.0% while the evaluation finds this value to be 47.6% resulting in a realization 
ratio of 103%. 

The summer demand peak reduction is estimated in the tracking analysis to be 8.04 kW.  The 
evaluation estimates the summer demand peak power reduction to be 9.70 kW, resulting in a 
realization ratio of 121%.   

The winter demand peak reduction is estimated in the tracking analysis to be 14.26 kW, and 
the evaluation found this value to be 14.19 kW, resulting in a realization ratio of 99.6%. 

It is not clear how the tracking demand reductions are calculated, therefore reasons for 
discrepancies between the evaluation and tracking results cannot be identified. 
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Application ID: NG732180 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

This project replaces 103 existing glass freezer doors in 80,453 square foot supermarket with new low 

energy triple pane doors.  

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 77,936 kWh is 20% lower than the tracking estimates. Summer on-peak demand savings are 

18% less than the tracking estimates and winter on-peak demand savings are 21% less than anticipated. 

The primary reason for the savings variance is due to the tracking analysis estimate that 100% of the 

differential ACH power is converted to waste heat that must be removed by the compressors. 

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 
Estimate 

Evaluation 
Estimate 

Evaluation / 
Tracking 

Annual Energy (kWh) 97,357 77,936 80% 

% Energy Savings On-Peak 46.0% 46.5% 101% 

Summer On-Peak Demand (kW) 11.11 9.07 82% 

Winter On-Peak Demand (kW) 11.11 8.80 79% 

Project Description 

103 triple pane efficient refrigeration case doors are installed with low-heat loss door frames and reduced 

wattage anti-condensate heaters (ACH). These new units have reduced anti-condensate heaters for the 

door glazing and no anti-condensate heaters for the door looms.  These anti-condensate heaters are 

embedded electric resistance elements that warm the glass and frame and raise the dew point temperature.  

This prevents moisture in the air from condensing on the glass and metal surfaces.  Moisture on the door 

frames can turn to ice, make door difficult to open, and prevent the doors from sealing upon closure. The 

doors are installed on the low temperature reach-in cases in the frozen foods section of the store. The 

improved insulation value of the doors requires lower ACH Wattage. Ninety-nine pre-existing doors were 

each rated at 122 Watts and four other pre-existing doors were each rated at 131.67 Watts.  The 103 

replacement doors are rated at 45.2 Watts each. The heaters operate 8,760 hours per year. 
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The savings are derived from operation of the lower wattage heaters and from reduced refrigeration loads 
at the compressor due to the reduce heat output of the doors.  

Table 2 below provides the specifications for the baseline and installed equipment. 

Table 2:  Baseline and Installed Tracking Specifications 

 

The grocery store operates Monday through Saturday 7:00 am to 10:00 pm as well as Sundays 7:00 am to 
9:00 pm. 

Tracking Analysis 

Tracking Calculation Methodology 

Energy savings and demand reduction estimates were calculated using an Excel spreadsheet analysis. The 

spreadsheet contains lookup wattages for anti-condensate heaters for both the baseline and installed 

equipment.  These values are from manufacturers data based upon the showcase size and type.  

The TA report assumed annual ACH operating hours to be 8,760.  The savings formula for the low-

energy doors is provided below: 

 

��ℎℎ������	 = 	 (���	�	����	�	ℎ�����) 	 −	 (���	�	����	�	ℎ�����)	

where: 

kWhheaters = annual kWh savings for the door heater operation 

kWe = rated kW of the existing doors 

qntye = quantity of existing doors 

W/Sq.Ft. Glass Area (Sq. Ft.) Watts per Door W/Sq.Ft. Glass Area (Sq. Ft.) Watts per Door
Glass: 8 11.64 93.12 Glass: 8 11.64 93.12

W/Ft. Loom Length (Ft.) Watts per Door W/Ft. Loom Length (Ft.) Watts per Door
Loom: 1.88 15.36 28.88 Loom: 2.5 15.42 38.55

Total Door Watts: 122.00 Total Door Watts: 131.67

W/Sq.Ft. Glass Area (Sq. Ft.) Watts per Door W/Sq.Ft. Glass Area (Sq. Ft.) Watts per Door
Glass: 4 11.3 45.2 Glass: 4 11.3 45.2

W/Ft. Loom Length (Ft.) Watts per Door W/Ft. Loom Length (Ft.) Watts per Door
Loom: N/A N/A N/A Loom: N/A N/A N/A

Total Door Watts: 45.20 Total Door Watts: 45.20

Standard - Door Watts Standard - Door Watts

Installed - Door Watts Installed - Door Watts
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hourse = annual operating hours of existing door heaters 

kWi = rated kW of the installed doors 

qntyi = quantity of installed doors 

hoursi = annual operating hours of installed door heaters 

  

The spreadsheet also calculates refrigeration savings linked with the heater operation.  The new heaters 
have a lower total connected load over the existing door heaters.  This lower load generates less heat into 
the freezer case.  This lowers the load at the compressor and provides additional savings.  The 
refrigeration compressors are rated at 1.4 kW/ton efficiency in the tracking calculations.  The refrigeration 
savings are calculated by converting the kWhheaters to tons of cooling and multiplying that value by the 
estimated efficiency; 

��ℎ���	 = 	 [((��ℎℎ������	�3, 413))/12,000]	�	��/���	

where: 

kWhref = annual kWh interactive refrigeration savings 

kWhheaters = annual kWh savings for the door heater operation 

3,413 = BTUs per kW 

12,000 = BTUs per ton 

kW/ton = refrigeration efficiency 

Total annual savings is the sum of kWhheaters and kWhref. 

The percentage of energy savings occurring during energy peak periods were calculated based on the ratio 
of savings during peak periods to total energy savings.  The tracking analysis reported 46% on-peak 
savings, which is the ratio of total peak hours to total annual hours.  Summer and winter peak demand 
savings are calculated by dividing the total kWh savings for the project by the 8,760 annual operating 
hours. 

Discussion of Tracking Analysis 

The calculated savings are based upon manufacturer specifications for the existing and installed units.  

The calculations also use the quantity of doors and heater operation specific to the site.  This provides an 

accurate foundation for the savings calculations.  The calculations do not provide a diversity factor for the 

percentage of time the heaters are actually running and add heat to the refrigerated showcases.  The 

calculations use 100% of the heater kW to calculate the impact at the compressor. 

Baseline Validity 
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Tracking savings are based upon the manufacturer’s specifications for the existing and baseline doors. 

This represents the actual power requirements for the doors.  The refrigeration savings in the tracking 

assume 100% of the waste heat created by the anti-condensate heaters will reflect back into the case. The 

heaters face inside the case and towards the store. Therefore an estimate of 50% waste heat influencing 

the compressor inside the case is more likely. Other than the refrigeration savings, the baseline used for 

this measure is valid. 

Evaluation Methodology 

A comprehensive site visit was conducted. The evaluation included a complete inventory of the number 

of installed refrigerated case doors as well as verifying the specifications of installed anti-condensate 

heaters.  The anti-condensate heater circuits were located in the electrical room.  Refrigeration and store 

schematics were reviewed.  The referenced circuits were compared with the layout of the refrigerated 

cases on the floor.  This provided the quantity of anti-condensate heaters per monitored circuit.  

Elite power loggers were installed to monitor the operation of the ACH circuits.  The monitored data 

provided the operating schedule for the heaters as well as the average hourly power consumption.  

Instantaneous power measurements were also taken during the retrieval site visits. 

Monitored data from the Elite power loggers was converted into average hourly kW values.  These values 

are unique for each hour of the day and each day of the week. The Elite power loggers monitored the 

operation of 35 anti-condensate heaters. A “typical” weekly operating schedule for an average door was 

created from the data to be applied to the 103 installed units.  That schedule is provided in the Table 3  

below. 
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Table 3:  Weekly Operating Schedule 

 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The savings for each hour are summed to 

calculate annual savings.  Summer and winter peak demand savings are generated for the hours in those 

periods using the unique hourly values.  The hourly kW difference is also converted to equivalent BTUs 

and then to tons of refrigeration to estimate savings at the compressors. 

Evaluation Data Collection 

The quantity and location of the installed doors was confirmed.  The doors were installed on low 

temperature frozen food cases as stated in the tracking documentation.  The make and model of the 

refrigeration rack system was also noted. 

Two Elite power loggers were installed on November 19, 2012.  They recorded average volts, amps, and 

kW every 15-minutes throughout the 41 day monitoring period. The instantaneous power readings were 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.0483 0.0482 0.0481 0.0481 0.0482 0.0481 0.0481
2 0.0481 0.0480 0.0479 0.0479 0.0480 0.0480 0.0480
3 0.0480 0.0479 0.0478 0.0479 0.0480 0.0479 0.0479
4 0.0479 0.0478 0.0478 0.0478 0.0478 0.0478 0.0478
5 0.0478 0.0478 0.0478 0.0478 0.0478 0.0478 0.0478
6 0.0477 0.0477 0.0476 0.0477 0.0477 0.0478 0.0477
7 0.0466 0.0468 0.0466 0.0468 0.0468 0.0468 0.0466
8 0.0471 0.0474 0.0473 0.0471 0.0474 0.0472 0.0471
9 0.0476 0.0478 0.0477 0.0478 0.0478 0.0478 0.0475
10 0.0477 0.0478 0.0478 0.0479 0.0479 0.0478 0.0476
11 0.0478 0.0477 0.0479 0.0478 0.0479 0.0478 0.0478
12 0.0478 0.0477 0.0478 0.0478 0.0479 0.0477 0.0479
13 0.0479 0.0477 0.0478 0.0478 0.0479 0.0478 0.0479
14 0.0479 0.0477 0.0479 0.0479 0.0480 0.0478 0.0479
15 0.0480 0.0477 0.0479 0.0478 0.0479 0.0478 0.0478
16 0.0479 0.0478 0.0479 0.0479 0.0479 0.0478 0.0479
17 0.0479 0.0477 0.0479 0.0479 0.0479 0.0477 0.0479
18 0.0480 0.0478 0.0479 0.0479 0.0479 0.0479 0.0480
19 0.0483 0.0481 0.0482 0.0482 0.0482 0.0482 0.0484
20 0.0484 0.0482 0.0484 0.0484 0.0484 0.0483 0.0484
21 0.0484 0.0482 0.0483 0.0483 0.0483 0.0483 0.0483
22 0.0485 0.0483 0.0484 0.0484 0.0483 0.0483 0.0484
23 0.0485 0.0484 0.0484 0.0485 0.0484 0.0484 0.0484
24 0.0483 0.0482 0.0483 0.0484 0.0483 0.0483 0.0483

Evaluation Average Hourly ACH kW
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taken to help identify the proper circuit and to provide an estimated ACH power load in case a logger 

failed.  The two power loggers monitored the operation of 35 anti-condensate heaters. 

Evaluation Savings Analysis 

Eight anti-condensate heater circuits were spot metered on eight different cases by the evaluator on site. 

These instantaneous readings were consistent with the long term metering. The evaluation shows that the 

installed total anti-condensate heater load is 5.9% greater than what was assumed by the TA study (4.93 

kW on site compared to 4.66 kW in tracking).  

Annual savings were calculated using an 8,760 hour spreadsheet. The kW data from the Weekly 

Operating Schedule presented in Table 3 is used as a lookup table to provide hourly values throughout the 

year. That is then subtracted from the verified baseline kW which calculates savings for each hour.  

Hourly savings were summed to generate annual savings.  Summer and winter demand savings were 

calculated for the hours in those periods.  The savings for day one are provided in Error! Reference 

source not found. below. 

 

Performance data was obtained for the refrigeration system.  A regression analysis formula was created 

between the total refrigeration power [compressors and condenser fans] and outside air wet bulb 

temperatures.  Efficiencies for the system ranged from 1.02 kW/ton at 0°F wb to 1.52 kW/ton at 74°F wb. 

A portion of the heat generated by the ACH system is transmitted back into the reach-in cases.  The 

reduction in ACH power also reduces the quantity of this waste heat that must be removed by the 

compressors. The savings kW is converted to BTUs and then into refrigeration tons. The regression 

analysis formula then provides the efficiency in kW per ton to generate the refrigeration savings. 

�����	 = 	 ((������	�	3.413	�	50%)/12,000)	�	#��	

where 

kWref = refrigeration kW savings 

kWsave = kW saved for the anti-condensate heaters 

3.413 = BTUs per kW 

50% = percentage of ACH heat transmitted back to the reach-in cases 

12,000 = BTUs per ton of refrigeration 
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Eff = efficiency of the refrigeration compressors in kW/ton as calculated using the regression analysis 

formula = 4E-06OATwb
3 - 0.0003 OATwb

2 + 0.0073 OATwb + 0.9961. OATwb refers to the specific hourly 

wet bulb temperature. 

Table 4: Calculation Spreadsheet 

 

 

Figure 1 below shows the daily operating profiles of the monitored anti-condensate heaters and that they 

are on 8,760 hours per year. 

Figure 1: ACH Operating Profile 

 

Min 4.80 4.80 12.61 12.61 0.93 8.57
Max 4.99 4.99 12.61 12.61 1.15 8.83
Average 4.96 4.96 12.61 12.61 1.15 8.80

Totals Totals 43,220 43,220 110,420 110,420 10,736 77,936
Worcester MA TMY3 Temp

Date Month Day
D of 
Wk

OWB 
Temp

ODB 
Temp Hour

Site ACH 
kW

Site Total 
kW

Baseline 
ACH kW

Total 
Baseline 

kW
Refrigeration 
kW Savings

kW 
Savings 
Per Hour

1/1/2011 Jan Sat 7 25 29 1 4.96 4.96 12.61 12.61 1.15 8.79
1/1/2011 Jan Sat 7 25 28 2 4.94 4.94 12.61 12.61 1.15 8.81
1/1/2011 Jan Sat 7 24 28 3 4.93 4.93 12.61 12.61 1.15 8.82
1/1/2011 Jan Sat 7 24 27 4 4.92 4.92 12.61 12.61 1.15 8.83
1/1/2011 Jan Sat 7 24 27 5 4.92 4.92 12.61 12.61 1.15 8.83
1/1/2011 Jan Sat 7 24 26 6 4.91 4.91 12.61 12.61 1.15 8.84
1/1/2011 Jan Sat 7 23 26 7 4.80 4.80 12.61 12.61 1.17 8.98
1/1/2011 Jan Sat 7 24 27 8 4.85 4.85 12.61 12.61 1.16 8.91
1/1/2011 Jan Sat 7 25 29 9 4.89 4.89 12.61 12.61 1.16 8.87
1/1/2011 Jan Sat 7 26 30 10 4.90 4.90 12.61 12.61 1.15 8.86
1/1/2011 Jan Sat 7 26 30 11 4.92 4.92 12.61 12.61 1.15 8.84
1/1/2011 Jan Sat 7 26 31 12 4.93 4.93 12.61 12.61 1.15 8.82
1/1/2011 Jan Sat 7 26 31 13 4.93 4.93 12.61 12.61 1.15 8.83
1/1/2011 Jan Sat 7 25 30 14 4.93 4.93 12.61 12.61 1.15 8.83
1/1/2011 Jan Sat 7 25 30 15 4.93 4.93 12.61 12.61 1.15 8.83
1/1/2011 Jan Sat 7 24 29 16 4.94 4.94 12.61 12.61 1.15 8.82
1/1/2011 Jan Sat 7 23 27 17 4.93 4.93 12.61 12.61 1.15 8.82
1/1/2011 Jan Sat 7 21 26 18 4.94 4.94 12.61 12.61 1.15 8.81
1/1/2011 Jan Sat 7 20 24 19 4.98 4.98 12.61 12.61 1.14 8.77
1/1/2011 Jan Sat 7 18 22 20 4.99 4.99 12.61 12.61 1.14 8.76
1/1/2011 Jan Sat 7 16 19 21 4.98 4.98 12.61 12.61 1.14 8.77
1/1/2011 Jan Sat 7 14 17 22 4.98 4.98 12.61 12.61 1.14 8.76
1/1/2011 Jan Sat 7 13 16 23 4.99 4.99 12.61 12.61 1.14 8.75
1/1/2011 Jan Sat 7 12 15 24 4.98 4.98 12.61 12.61 1.14 8.76
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Figure 2 shows the monitoring profile of the ACH’s during the entire monitored period.   

Figure 2: ACH Monitoring Profile 
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Verification of Equipment and Operating Parameters 

Table 5 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 5:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

Number of Doors 103 103 100% 

Existing ACH kW 12.60 12.60 100% 

Installed ACH kW 4.66 4.93 105% 

Annual Refrigeration kWh Savings 16,239 10,736 66% 

Annual Operating Hours 8,760 8,760 100% 

The installed anti-condensate heaters consumed 5% more energy than estimated in the tracking savings.  

The tracking savings also assumes 8,760 annual operating hours confirmed by the evaluation.  There was 

34% less refrigeration savings determined by the evaluation.  

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 97,357 kWh.  The evaluation estimates 

annual energy savings to be 77,936 kWh, resulting in an annual energy savings realization ratio of 80%.  

The primary reason for the savings variance is due to the tracking analysis estimate that 100% of the 

differential ACH power is converted to waste heat that must be removed by the compressors. This 

evaluation uses a value of 50%. This is because the heaters are in the doors of the case which face both 

towards the inside of the case and the store.   

The tracking refrigeration savings are based upon a 1.4 kW/ton efficiency. The evaluation estimates 

refrigeration efficiency at 1.23 kW/ton. This is 13.8% reduction.  

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 

46.0% while the evaluation finds this value to be 46.5% resulting in a realization ratio of 101%.  

The summer demand peak reduction is estimated in the tracking analysis to be 11.11 kW.  The evaluation 

estimates the summer demand peak power reduction to be 9.07 kW, resulting in a realization ratio of 

82%. The winter demand peak reduction is estimated in the tracking analysis to be 1.11 kW, and the 

evaluation found this value to be 8.80 kW, resulting in a realization ratio of 79%.   
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The evaluation calculates seasonal demand saving for the specific hours in those periods using the 

monitored loads and refrigeration savings at specific wet bulb temperatures. 
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Application ID: National Grid 906877 

Measure Category: Refrigeration 

Project Type: New Construction 

Summary 

Outdated refrigeration cases are replaced in this 83,891 square foot supermarket. Store hours are from 6 

am to midnight Monday through Saturday and from 7 am to 9 pm on Sunday. The new equipment 

includes electrically commutated motors on the evaporator fans, LED freezer lighting, and low heat door 

frames. 

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 234,064 kWh is 44.0% more than the tracking estimates. Summer on-peak demand savings are 

21% greater than the tracking estimates and winter on-peak demand savings are 123% more than 

anticipated. The savings variance is due to longer operation of the electrically commutated fan motors 

[ECM] and anti-condensate heaters [ACH]. The extended operation accrues savings for each additional 

hour.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 
Estimate 

Evaluation 
Estimate 

Evaluation / 
Tracking 

Annual Energy (kWh) 162,858 234,064 144% 

% Energy Savings On-Peak 46.0% 49.7% 108% 

Summer On-Peak Demand (kW) 24.70 29.91 121% 

Winter On-Peak Demand (kW) 12.80 28.55 223% 

Project Description 

Efficient refrigeration cases are installed in this grocery store remodeling project.  Electrically 
commutated motors [ECMs] on the evaporator fans, LED lighting case lighting, and low-heat door frames 
with reduced wattage anti-condensate heaters were installed with the new low-temperature reach-in 
freezer cases. In the medium temperature cases, evaporator fan motors were also equipped with 
electrically commutated motors. There are 46 freezer cases and 27 medium temperature showcases. These 
are all reach-in units on the sales floor. No walk-in coolers or freezers are included in this project. Table 2 
shows the installed equipment. 

Table 2: Reach-in Showcases and Installed Technologies 
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Thirty eight of the low temperature reach in cases are equipped with low-energy LED lighting. Showcase 
lighting is controlled through the store’s energy management system. The schedule is set and maintained 
remotely from the corporate office. No occupancy sensors are installed with the showcase lighting. These 
cases traditionally used florescent lighting to accent the interior. The LED lighting provides both a direct 
savings and indirect savings resulting from a lower refrigeration load. 

Thirty two low-energy anti-condensate-heaters (ACH) are applied to low temperature reach-in freezer 
cases to prevent condensate from forming on cold exterior surfaces. For ACH’s, the electrical resistance 
load and resultant contribution to the refrigeration load can be significant. As an option to mitigate these 
inefficiencies, high efficiency door frames are constructed using materials with low thermal conductivity 
such as polymers, thus allowing the outside surface to approach the store temperature with minimal 
resistance heat. 

Seventy-three cases include energy efficient ECM motors on evaporator fans. The combination of higher 
motor efficiency and optimized fan speed in the ECM reduce the power and increase savings. Since the 
fan energy is dissipated within the case, reduced fan-power also reduces the refrigeration load, creating 
indirect savings.  

Y/N Y/N Y/N Y/N Y/N Y/N Y/N Y/N

D2-C Med Temp N N/A Y N/A E3A-B Med Temp Y N/A N N/A

D2-D Med Temp N N/A Y N/A E3A-D Med Temp Y N/A N N/A

D3A-A Med Temp N N/A Y N/A E3A-E Med Temp Y N/A N N/A

D3A-B Med Temp N N/A Y N/A E3-B Med Temp Y N/A N N/A

C2-D Med Temp N N/A Y N/A B4-A Freezer Y N/A Y Y

D3B-C Med Temp N N/A Y N/A B6-C Freezer Y N/A Y Y

D3B-D Med Temp N N/A Y N/A B6-D Freezer Y N/A Y Y

D3B-A Med Temp N N/A Y N/A A7B-A Freezer Y N/A Y Y

D3B-B Med Temp N N/A Y N/A B6-E Freezer Y N/A Y Y

E4F-A Med Temp N N/A Y N/A F3A-A Freezer Y N/A Y Y

E4F-B Med Temp N N/A Y N/A F3A-B Freezer Y N/A Y Y

E4F-C Med Temp N N/A Y N/A A2-D Freezer Y N/A Y Y

E4F-D Med Temp N N/A Y N/A A4-D Freezer Y N/A Y Y

E4-C Med Temp N N/A Y N/A B3-C Freezer Y N/A Y Y

E3C-B Med Temp N N/A Y N/A A1-A Freezer Y N/A Y Y

E3C-D Med Temp N N/A Y N/A A1-B Freezer Y N/A Y Y

E3C-A Med Temp N N/A Y N/A A2-A Freezer Y N/A Y Y

E3C-E Med Temp N N/A Y N/A A2-B Freezer Y N/A Y Y

E3C-C Med Temp N N/A Y N/A A2-C Freezer Y N/A Y Y

E3C-F Med Temp N N/A Y N/A A3-A Freezer Y N/A Y Y

E4-D Med Temp N N/A Y N/A A3-B Freezer Y N/A Y Y

A7-D Freezer N N/A Y N/A A3-C Freezer Y N/A Y Y

A7-F Freezer N N/A Y N/A A4-A Freezer Y N/A Y Y

F1-B Freezer N N/A Y N/A A4-B Freezer Y N/A Y Y

F1-E Freezer N N/A Y N/A A4-C Freezer Y N/A Y Y

F1-H Freezer N N/A Y N/A A7A-A Freezer Y N/A Y Y

F1-K Freezer N N/A Y N/A A7A-B Freezer Y N/A Y Y

F3-C Freezer N N/A Y N/A A7B-B Freezer Y N/A Y Y

F3-E Freezer N N/A Y N/A A7B-C Freezer Y N/A Y Y

F1-D&F Freezer N N/A Y N/A B2-A Freezer Y N/A Y Y

F1-G&I Freezer N N/A Y N/A B2-B Freezer Y N/A Y Y

F3-B&D Freezer N N/A Y N/A B2-C Freezer Y N/A Y Y

A7-C&E Freezer N N/A Y N/A B3-A Freezer Y N/A Y Y

F1-A&C Freezer N N/A Y N/A B3-B Freezer Y N/A Y Y

F1-J&L Freezer N N/A Y N/A B6-A Freezer Y N/A Y Y

E3A-C Med Temp Y N/A N N/A B6-B Freezer Y N/A Y Y

E3A-A Med Temp Y N/A N N/A

Type

LED 
lights

Occupancy 
Sensor

ECM 
fans

Low Heat 
Frames

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Occupancy 
Sensor

LED 
lights

ECM 
fansType Sys # Case model

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-3dr

Zero_Zone RVZC30-4dr

Zero_Zone RVZC30-4dr

Zero_Zone RVZC30-4dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-5dr

Zero_Zone RVZC30-2dr

Zero_Zone RVZC30-2dr

Zero_Zone RVZC30-2dr

Zero_Zone RVZC30-3dr

Zero_Zone RVZC30-3dr

Zero_Zone RVZC30-3dr

Hussman RGP-4ft

Hussman RGP-8ft

Hussman RGP-8ft

Hussman RGP-8ft

Hussman RGP-8ft

Hussman RGP-6ft

Hill/Ph OWIZ-8ft

Hill/Ph OWIZ-8ft

Hill/Ph OWIZ-12ft

Hill/Ph OWIZ-12ft

Hill/Ph OWIZ-12ft

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OWIZ-8ft

Hill/Ph ONN3U-6ft

Hill/Ph ONN3U-6ft

Hill/Ph ONN3.5UW-10ft

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OHPH-12ft

Hill/Ph ON2UM-2ft

Hill/Ph ON3UM-6ft

Hill/Ph ON3UM-6ft

Hill/Ph ON3UM-12ft

Hill/Ph ON3UM-12ft

Hill/Ph O5DM (Produce)-8ft

Hill/Ph O5DM (Produce)-12ft

Hill/Ph O5DM (Produce)-12ft

Hill/Ph OHPH-8ft

Hill/Ph OHPH-12ft

Hill/Ph OHPH-12ft

Hill/Ph O3UM-8ft

Hill/Ph O3UM-12ft

Hill/Ph O3.5UM-12ft

Hill/Ph O3.5UM-12ft

Hill/Ph O5DM (Dairy)-6ft

Hill/Ph O5DM (Produce)-8ft

Sys # Case model

Low Heat 
Frames
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The savings are based upon the installation of less-efficient replacement refrigeration cases and not the 
existing equipment specifications. These replacement refrigeration units contain standard shaded-pole 
evaporator fan motors, fluorescent case lighting, and standard wattage door frame condensate heaters. The 
low temperature cases contain frozen foods and ice cream. Temperatures in the cases are approximately 
0°F The medium temperature units include the dairy, deli, and produce showcases. Temperatures range 
from38°F to 45°F. 

Tracking Analysis 

Tracking Calculation Methodology 

Energy savings and demand reduction estimates were calculated using an Excel spreadsheet analysis. The 
spreadsheet contains lookup wattages for evaporator fan motors, lighting, and anti-condensate heaters for 
both the baseline and installed equipment.  These values are from manufacturers data based upon the case 
size and type. Savings for each task was determined by multiplying the difference between the baseline 
and installed wattages by the annual operating hours for each task [fans, light, and heat]. The baseline 
cases installed with standard components were assumed to have a demand of 156.86 kW. The total 
proposed demand of the new refrigeration cases is 113.4 kW, a 43.4 kW energy demand reduction with 
162,858 annual kWh savings. Sample specifications for the refrigeration units are provided in Table 3. 

Table 3: Lighting, ECM, and ACH Baseline Specifications 
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. 

��ℎ����	 = 	 ((�����	– 	������)	�	ℎ�������) 	+	(�����	– 	������)	�	ℎ�������) 	

+ 	(����ℎ	– 	����ℎ�)	�	ℎ������ℎ))	

where: 

Temp watts hrs watts hrs watts Cont

D2-C Cooler 90 24.0 56 22.0 30 Y

D2-D Cooler 120 24.0 84 22.0 46 Y

D3A-A Cooler 120 24.0 84 22.0 46 Y

D3A-B Cooler 120 24.0 84 22.0 46 Y

C2-D Cooler 60 24.0 44 22.0 0 Y

D3B-C Cooler 90 24.0 56 22.0 0 Y

D3B-D Cooler 90 24.0 56 22.0 0 Y

D3B-A Cooler 120 24.0 84 22.0 0 Y

D3B-B Cooler 120 24.0 84 22.0 0 Y

E4F-A Cooler 120 24.0 56 22.0 0 Y

E4F-B Cooler 150 24.0 84 22.0 0 Y

E4F-C Cooler 150 24.0 84 22.0 0 Y

E4F-D Cooler 150 24.0 84 22.0 0 Y

E4-C Cooler 30 24.0 14 22.0 8.5 Y

E3C-B Cooler 60 24.0 44 22.0 0 Y

E3C-D Cooler 60 24.0 44 22.0 0 Y

E3C-A Cooler 120 24.0 84 22.0 0 Y

E3C-E Cooler 120 24.0 84 22.0 0 Y

E3C-C Cooler 68 24.0 44 22.0 0 Y

E3C-F Cooler 68 24.0 44 22.0 0 Y

E4-D Cooler 102 24.0 84 22.0 0 Y

A7-D Freezer 34 22.7 0 22.0 235 Y

A7-F Freezer 34 22.7 0 22.0 235 Y

F1-B Freezer 34 22.7 0 22.0 235 Y

F1-E Freezer 34 22.7 0 22.0 235 Y

F1-H Freezer 34 22.7 0 22.0 235 Y

F1-K Freezer 34 22.7 0 22.0 235 Y

F3-C Freezer 34 22.7 0 22.0 235 Y

F3-E Freezer 34 22.7 0 22.0 235 Y

F1-D&F Freezer 68 22.7 0 22.0 362 Y

F1-G&I Freezer 68 22.7 0 22.0 362 Y

F3-B&D Freezer 68 22.7 0 22.0 362 Y

A7-C&E Freezer 102 22.7 0 22.0 526 Y

F1-A&C Freezer 102 22.7 0 22.0 526 Y

F1-J&L Freezer 102 22.7 0 22.0 526 Y

Hill/Ph OWIZ-8ft

Hill/Ph OWIZ-8ft

Hill/Ph OWIZ-12ft

Hill/Ph OWIZ-12ft

Hill/Ph OWIZ-12ft

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OWIZ-8ft

Hill/Ph ONN3U-6ft

Hill/Ph ONN3U-6ft

Hill/Ph ONN3.5UW-10ft

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OWEZ

Hill/Ph OHPH-12ft

Hill/Ph ON2UM-2ft

Hill/Ph ON3UM-6ft

Hill/Ph ON3UM-6ft

Hill/Ph ON3UM-12ft

Hill/Ph ON3UM-12ft

Hill/Ph O5DM (Produce)-8ft

Hill/Ph O5DM (Produce)-12ft

Hill/Ph O5DM (Produce)-12ft

Hill/Ph OHPH-8ft

Hill/Ph OHPH-12ft

Hill/Ph OHPH-12ft

Hill/Ph O3UM-8ft

Hill/Ph O3UM-12ft

Hill/Ph O3.5UM-12ft

Hill/Ph O3.5UM-12ft

Hill/Ph O5DM (Dairy)-6ft

Hill/Ph O5DM (Produce)-8ft

Sys # Case Model

Base-Case

Ancillary Loads

Fans Lights ACH
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kWhcase = annual electric savings from fan, lighting, and anti-condensate heater operation 

kWfanb = total connected baseline evaporator fan power 

kWfani = total connected installed evaporator fan power 

hoursfan = annual evaporator fan operating hours 

kWltsb = total connected baseline lighting power 

kWltsi = total connected installed lighting power 

hourslts = annual lighting operating hours 

kWachb = total connected baseline anti-condensate heater power 

kWachi = total connected installed anti-condensate heater power 

hoursach = annual anti-condensate heater operating hours 

The annual kWh savings calculated above are converted to equivalent tons of cooling.  This tonnage in 
multiplied the efficiency of the refrigeration system to calculate the interactive refrigeration savings.  The 
kW/ton is generated by a macro that uses regression analysis values for performance based upon suction 
temperature. 

��ℎ���	 = 	 ((��ℎ����	�	3.412)/12,000)	�	���	

where: 

kWhref = interactive refrigeration savings 

kWhcase = annual electric savings from fan, lighting, and anti-condensate heater operation 

3.412 = BTUs per kWh 

12,000 = BTUs per ton of refrigeration 

eff = efficiency of the refrigeration system in kW/ton 

Total savings is the sum of kWhcase and kWhref. 

The percentage of energy savings occurring during energy peak periods was calculated based on the ratio 

of savings during peak periods to total energy savings.  The tracking analysis reported 46% on-peak 

savings, which is the ratio of total peak hours to total annual hours.  The summer and winter peak demand 
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savings is the difference between the total baseline kW load and total installed kW for the lighting, door 

heaters, and electrically commutated fan motors. The summer and winter demand savings also include the 

interactive refrigeration savings.  Refrigeration demand savings are calculated in a macro embedded in 

the TA spreadsheet for the months of June, July, August, December, and January.  A regression analysis 

is performed for each month using the suction temperature of the cases, the difference in kW demand for 

the three loads, and the average temperature for the month. This generates the refrigeration efficiency in 

kW/ton. 

Discussion of Tracking Analysis 

This tracking methodology provides a comprehensive approach to estimating savings.  The baseline 

values are a composite of measured values and vendor specifications.  The calculations account for the 

change in equipment, operating hours, and interactive refrigeration savings 

Baseline Validity 

The new replacement show cases are equipped with shaded-pole fan motors, fluorescent lighting, and 

standard-wattage anti-condensate heaters.  The standardized less-efficient replacement units are still 

available from manufacturers and are less expensive than their more efficient counterparts.  There are no 

refrigeration building codes that mandate ECMs, LED showcase lighting, and low-wattage heaters.  

Utilizing less-efficient replacement equipment is an acceptable approach for this measure. 

Evaluation Methodology 

A comprehensive site visit was conducted. The new refrigerated cases were inventoried and examined.  

The LED lighting was confirmed.  Information from the case labels was taken and the wattage ratings for 

the lighting, fans, and heaters were noted.  The operation of the new equipment was discussed with 

facility personnel. The lighting, fan, and anti-condensate heater circuits were identified.  The circuits were 

labeled according to the compressor rack and location on the sales floor.  The number of units on each 

circuit was obtained by comparing store layout schematics and circuit labeling with observations on the 

sales floor to confirm case type and quantity. 

Monitored data from the Elite power logger was converted into average hourly kW values.  These values 

are unique for each hour of the day and each day of the week. A “typical” weekly operating schedule was 

created from the data, described in the following sections.   

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The savings for each hour are summed to 

calculate annual savings.  Summer and winter peak demand savings are generated for the hours in those 
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periods using the unique hourly values.  The hourly kW difference is also converted to equivalent BTUs 

and then to tons of refrigeration to estimate savings at the compressors. 

Evaluation Data Collection 

The make, model, and quantity of new refrigerated cases were noted.  The rated power of the heaters, 

fans, and lightings was obtained from the units. The ACH, lighting, and evaporator fan circuits were 

identified.  The operation of the new equipment was discussed with store personnel.  The installation was 

operating without problem. 

The Elite power loggers were installed on November 20, 2012.  Instantaneous power measurements were 

also recorded to verify the circuits and provide a monitored kW for comparison with the monitored kW 

values. 

An Elite power logger was installed to monitor anti-condensate heater operations.  The ACH logger 

recorded voltage, amperage, and kW every 15 minutes through the 41 day monitoring period.  The logger 

monitored 18% of the total ACH load.  These units operate at the same freezer set points, approximately 

0°F, so the monitored circuits are considered typical of all ACH operation.  Instantaneous power readings 

were also performed to help verify the proper circuits and to provide a measured value to compare with 

the logger data. 

A second Elite logger was installed to monitor the operation of the electrically commutated evaporator 

fan motors. The ECM logger was set to monitor voltage, amperage, and watts every 10 minutes over the 

same period. The logger monitored 10% of the medium temperature case fans and 15% of the low 

temperature case ECMs. Instantaneous measurements were also recorded for the ECMs. 

Two time-of-use loggers [TOU] were installed on the LED lighting circuits to provide and operating 

profile.  The lighting time-of-use loggers were set to record operation hourly.   

Evaluation Savings Analysis 

Annual savings are calculated in an 8,760 hour spreadsheet. That spreadsheet calculates the operation and 

savings for the lighting, anti-condensate heaters, evaporator fans, and interactive refrigeration separately. 

Lighting 

The reach-in refrigerated cases are illuminated by LED fixtures mounted on the frame rails inside the 

showcases.  The TOU logger schedule provides the duration of lighting operation for each hour of the 

week.  The installed tracking kW for the LED lighting from the TA report was used to calculate savings. 
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Error! Reference source not found. shows that the data reports the lighting usage as a percent on for 

each hour of the week. 

Table 4:  Weekly Lighting TOU Schedule 

 

Anti-condensate heaters 

The power data obtained from the Elite power logger provides a kW value for each operating hour of the 

year.  The monitored kW is estimated on a per ACH unit basis.  Savings are calculated by multiplying the 

per-unit monitored kW by the total number of units and subtracting that value from the baseline ACH 

kW. 

That schedule is provided in the Error! Reference source not found.  below.  The table shows the 

uniformity of anti-condensate heater operation. 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
2 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
3 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
4 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
6 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
7 0.0% 29.6% 29.5% 29.7% 29.8% 29.8% 29.7%
8 79.7% 100.0%100.0%100.0%100.0%100.0%100.0%
9 100.0%100.0%100.0%100.0%100.0%100.0%100.0%
10 100.0%100.0%100.0%100.0%100.0%100.0%100.0%
11 100.0%100.0%100.0%100.0%100.0%100.0%100.0%
12 100.0%100.0%100.0%100.0% 99.7% 100.0%100.0%
13 100.0%100.0%100.0%100.0%100.0%100.0%100.0%
14 100.0%100.0%100.0%100.0%100.0%100.0% 96.2%
15 100.0%100.0%100.0%100.0%100.0%100.0% 99.2%
16 100.0%100.0%100.0%100.0%100.0%100.0%100.0%
17 100.0%100.0%100.0%100.0%100.0%100.0%100.0%
18 100.0%100.0%100.0%100.0%100.0%100.0%100.0%
19 100.0%100.0%100.0%100.0%100.0%100.0%100.0%
20 100.0%100.0%100.0%100.0%100.0%100.0%100.0%
21 100.0%100.0%100.0%100.0%100.0%100.0%100.0%
22 20.4% 100.0%100.0%100.0%100.0%100.0%100.0%
23 0.0% 100.0%100.0%100.0%100.0%100.0%100.0%
24 0.0% 70.4% 70.3% 70.2% 70.2% 70.3% 70.3%

Evaluation Lighting % Operation
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Table 5:  Weekly ACH Operating Schedule 

 

 

ECM evaporator fans 

The power data obtained from the Elite power logger provides a kW value for each operating hour of the 

year.  The monitored kW is estimated on a per ECM unit basis.  Savings are calculated by multiplying the 

per-unit monitored kW by the total number of units and subtracting that value from the baseline ECM 

kW. 

A similar profile was generated for the electrically commutated motors as shown in Error! Reference 

source not found.. 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.5481 0.5489 0.5467 0.5470 0.5462 0.5440 0.5478
2 0.3691 0.3703 0.3651 0.3709 0.3658 0.3680 0.3659
3 0.5511 0.5494 0.5481 0.5475 0.5480 0.5441 0.5494
4 0.5544 0.5528 0.5519 0.5513 0.5516 0.5475 0.5531
5 0.5508 0.5482 0.5475 0.5469 0.5484 0.5451 0.5491
6 0.5502 0.5457 0.5444 0.5438 0.5461 0.5427 0.5474
7 0.5495 0.5412 0.5434 0.5429 0.5468 0.5405 0.5472
8 0.5504 0.5445 0.5474 0.5462 0.5476 0.5455 0.5488
9 0.5488 0.5483 0.5496 0.5483 0.5481 0.5466 0.5497
10 0.5450 0.5463 0.5480 0.5477 0.5484 0.5464 0.5499
11 0.5465 0.5459 0.5458 0.5468 0.5487 0.5470 0.5493
12 0.5469 0.5440 0.5450 0.5462 0.5476 0.5454 0.5480
13 0.5487 0.5442 0.5451 0.5477 0.5490 0.5468 0.5486
14 0.5481 0.5427 0.5452 0.5473 0.5494 0.5477 0.5475
15 0.5488 0.5441 0.5458 0.5484 0.5511 0.5489 0.5478
16 0.5491 0.5459 0.5477 0.5474 0.5506 0.5494 0.5471
17 0.5439 0.5440 0.5447 0.5448 0.5475 0.5460 0.5465
18 0.5427 0.5430 0.5450 0.5434 0.5436 0.5460 0.5464
19 0.5431 0.5492 0.5475 0.5448 0.5452 0.5483 0.5473
20 0.5451 0.5510 0.5461 0.5471 0.5473 0.5505 0.5498
21 0.5467 0.5510 0.5491 0.5493 0.5493 0.5519 0.5518
22 0.5503 0.5498 0.5503 0.5496 0.5500 0.5509 0.5516
23 0.5525 0.5465 0.5480 0.5483 0.5484 0.5485 0.5477
24 0.5514 0.5453 0.5467 0.5456 0.5441 0.5480 0.5463

Evaluation kW Per ACH
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Table 6:  Weekly ECM Operating Schedule 

 

 

Interactive Refrigeration Savings 

Performance data was obtained for the refrigeration system.  A regression analysis formula was created 
between the total refrigeration power [compressors and condenser fans] and outside air wet bulb 
temperatures.  Efficiencies for the system ranged from 1.02 kW/ton at 0°F wb to 1.52 kW/ton at 74°F wb.  

A portion of the heat generated by the ACH and lighting systems is transmitted back into the reach-in 
cases.  The differential power requirements of the ACH, lighting, and fan systems represents a quantity of 
waste heat that must be removed by the compressors. The savings kW is converted to BTUs and then into 
refrigeration tons. The regression analysis formula then provides the efficiency in kW per ton to generate 
the refrigeration savings. 

�����	 = 	 ((���� ℎ��	 + 	����ℎ	 + 	������)	�	3.413)/12,000)	�	!��	

where 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.0668 0.0662 0.0674 0.0669 0.0658 0.0670 0.0667
2 0.0670 0.0663 0.0676 0.0670 0.0660 0.0671 0.0668
3 0.0671 0.0663 0.0676 0.0671 0.0660 0.0672 0.0670
4 0.0672 0.0663 0.0677 0.0671 0.0661 0.0672 0.0671
5 0.0671 0.0662 0.0675 0.0668 0.0660 0.0671 0.0670
6 0.0672 0.0660 0.0674 0.0667 0.0659 0.0671 0.0669
7 0.0672 0.0656 0.0672 0.0668 0.0658 0.0667 0.0668
8 0.0674 0.0671 0.0676 0.0675 0.0663 0.0673 0.0673
9 0.0675 0.0683 0.0678 0.0683 0.0669 0.0678 0.0672
10 0.0673 0.0682 0.0678 0.0681 0.0671 0.0677 0.0673
11 0.0676 0.0681 0.0677 0.0680 0.0678 0.0678 0.0678
12 0.0679 0.0676 0.0681 0.0676 0.0677 0.0677 0.0679
13 0.0680 0.0673 0.0681 0.0672 0.0678 0.0677 0.0676
14 0.0682 0.0675 0.0680 0.0675 0.0677 0.0678 0.0666
15 0.0683 0.0679 0.0681 0.0675 0.0676 0.0680 0.0657
16 0.0683 0.0680 0.0681 0.0673 0.0676 0.0681 0.0676
17 0.0679 0.0678 0.0675 0.0670 0.0672 0.0677 0.0675
18 0.0674 0.0677 0.0674 0.0668 0.0669 0.0675 0.0675
19 0.0674 0.0683 0.0676 0.0668 0.0670 0.0677 0.0672
20 0.0668 0.0685 0.0672 0.0665 0.0672 0.0679 0.0672
21 0.0662 0.0684 0.0669 0.0661 0.0674 0.0680 0.0671
22 0.0664 0.0684 0.0670 0.0662 0.0675 0.0673 0.0671
23 0.0666 0.0680 0.0670 0.0662 0.0674 0.0669 0.0668
24 0.0664 0.0675 0.0669 0.0658 0.0670 0.0667 0.0666

Evaluation kW Per ECM
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kWref = refrigeration kW savings 

kWlights = (lighting kW baseline - lighting kW installed) x 50% light to heat diversity factor 

kWach = (ACH kW baseline - ACH kW installed) x 35% ACH to heat diversity factor 

kWfans = (fan kW baseline - fan kW installed) x 100% ACH to heat diversity factor 

3.413 = BTUs per kW 

12,000 = BTUs per ton of refrigeration 

Eff = efficiency of the refrigeration compressors in kW/ton as calculated using the regression analysis 
formula = 4E-06x3 - 0.0003x2 + 0.0073x + 0.9961 for the specific hourly wet bulb temperature (x). 

Hourly savings were summed to generate annual savings.  Summer and winter demand savings were 

calculated for the hours in those periods.  The savings for day one of the analysis is provided in Table 7 

below. 

Table 7: Calculation Spreadsheet 

 

Max 4.59 4.65 17.74 26.87 7.11 10.68 26.44 44.23 8.02 25.6
Min 4.40 0.00 11.68 16.13 7.11 0.00 26.44 33.55 2.81 14.1

Totals Totals 39,468 28,127 151,365 218,960 62,284 64,562 231,606 358,452 44,637 184,129
Worcester MA TMY3 Temps

Date Month Day
OWB 
Temp Hour

Eval 
ECM 
kW

Eval 
Lighting 

kW

Eval 
ACH 
kW

Site 
Total 
kW

Baseline 
ECM 
kW

Baseline 
Lighting 

kW

Baseline 
ACH 
kW

Total 
Baseline 

kW
Ref kW 
Savings

Total 
kWh 

Savings

1/1/2011 Jan Sat 25 1 4.47 0.00 17.53 22.00 7.11 0.00 26.44 33.55 3.46 15.01
1/1/2011 Jan Sat 25 2 4.48 0.00 11.71 16.19 7.11 0.00 26.44 33.55 5.20 22.56
1/1/2011 Jan Sat 24 3 4.49 0.00 17.58 22.07 7.11 0.00 26.44 33.55 3.44 14.92
1/1/2011 Jan Sat 24 4 4.49 0.00 17.70 22.19 7.11 0.00 26.44 33.55 3.40 14.76
1/1/2011 Jan Sat 24 5 4.49 0.00 17.57 22.06 7.11 0.00 26.44 33.55 3.44 14.94
1/1/2011 Jan Sat 24 6 4.48 0.00 17.52 22.00 7.11 0.00 26.44 33.55 3.46 15.01
1/1/2011 Jan Sat 23 7 4.47 1.38 17.51 23.37 7.11 3.17 26.44 36.72 4.00 17.36
1/1/2011 Jan Sat 24 8 4.51 4.65 17.56 26.72 7.11 10.68 26.44 44.23 5.25 22.75
1/1/2011 Jan Sat 25 9 4.50 4.65 17.59 26.74 7.11 10.68 26.44 44.23 5.24 22.73
1/1/2011 Jan Sat 26 10 4.51 4.65 17.60 26.76 7.11 10.68 26.44 44.23 5.23 22.71
1/1/2011 Jan Sat 26 11 4.54 4.65 17.58 26.77 7.11 10.68 26.44 44.23 5.23 22.69
1/1/2011 Jan Sat 26 12 4.55 4.65 17.53 26.74 7.11 10.68 26.44 44.23 5.24 22.73
1/1/2011 Jan Sat 26 13 4.53 4.65 17.56 26.74 7.11 10.68 26.44 44.23 5.24 22.73
1/1/2011 Jan Sat 25 14 4.46 4.47 17.52 26.46 7.11 10.27 26.44 43.82 5.20 22.56
1/1/2011 Jan Sat 25 15 4.40 4.61 17.53 26.54 7.11 10.59 26.44 44.14 5.27 22.87
1/1/2011 Jan Sat 24 16 4.53 4.65 17.51 26.69 7.11 10.68 26.44 44.23 5.26 22.80
1/1/2011 Jan Sat 23 17 4.52 4.65 17.49 26.66 7.11 10.68 26.44 44.23 5.27 22.83
1/1/2011 Jan Sat 21 18 4.52 4.65 17.49 26.66 7.11 10.68 26.44 44.23 5.27 22.84
1/1/2011 Jan Sat 20 19 4.50 4.65 17.52 26.67 7.11 10.68 26.44 44.23 5.26 22.82
1/1/2011 Jan Sat 18 20 4.50 4.65 17.59 26.75 7.11 10.68 26.44 44.23 5.24 22.71
1/1/2011 Jan Sat 16 21 4.50 4.65 17.66 26.81 7.11 10.68 26.44 44.23 5.21 22.63
1/1/2011 Jan Sat 14 22 4.50 4.65 17.65 26.80 7.11 10.68 26.44 44.23 5.21 22.63
1/1/2011 Jan Sat 13 23 4.47 4.65 17.53 26.65 7.11 10.68 26.44 44.23 5.24 22.82
1/1/2011 Jan Sat 12 24 4.46 3.27 17.48 25.21 7.11 7.51 26.44 41.06 4.72 20.56
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Figure 1 below shows the daily operating profiles of the monitored anti-condensate heaters. No humidity 

controls are in place. The data shows the uniformity of operation. 

Figure 1: ACH Operating Profile 

 

 

Figure 2 shows the monitoring profile of the ACH’s during the monitored period.  The dip in operation 

corresponds with the anti-condensate heaters shutting down for 30 minutes beginning 2:00 am on 

Saturdays.  Facility personnel are unable to explain this trend.  Defrost cycles are daily and staggered 

across different hours. This appears to the remnant an old time-clock function that is still linked to the 

circuits. 

Figure 2: ACH Monitoring Profile 
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Figure 3 shows the weekly operating profile for the electrically commutated motors.  Figure 4 shows the 
ECM operation over the monitoring period.  The small downward spike in operation may be due to a brief 
loss of power on the heaters.   

 

Figure 3: ECM Operating Profile 
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Figure 4: EMC Monitoring Profile 

 

Verification of Equipment and Operating Parameters 

Table 8 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 8:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

 Lighting Baseline kW 10.68 10.68 100% 

 Lighting Installed kW 4.65 4.65 100% 

 Lighting - Annual Hours 8,235 6,414 78% 

 ACH Baseline kW 26.44 26.44 100% 

 ACH Installed kW 15.31 12.96 85% 

 ACH - Annual Hours 4,292 8,760 204% 

 ECM Baseline kW 7.11 7.11 100% 

 ECM Installed kW 4.12 4.51 109% 

 ECM - Annual Hours 8,418 8,760 104% 

 Interactive Refrigeration Tons 39,905 56,731 142% 

 Lighting Energy Savings kWh 49,834 36,435 73% 

 ACH Energy Savings kWh 45,112 118,082 262% 

 ECM Energy Savings kWh 25,354 22,816 90% 

 Refrigeration Energy Savings kWh 42,558 56,731 133% 

 Total Energy Savings kWh 162,858 234,064 144% 
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Tracking calculations include ACH controls that reduce ACH operation by 49%.  The monitoring data 

shows that no ACH controls are in place, so there was no reduction in ACH operation.  However, the 

evaluation monitoring also found the connected ACH to be 15% less than the tracking estimate, resulting 

in higher ACH savings. The tracking calculations also include a two hour daily shut down on frozen case 

ECM during defrost cycles.  The monitoring data shows that the ECMs operate continuously, so the ECM 

operating hours was found to be higher than estimated in the tracking analysis.  The ECM demand was 

found to be 9% greater than the tracking estimate, resulting in an increase in ECM savings. The LED case 

lighting operates 22.0% less than anticipated. These shortened evaluated operating hours also decreases 

the waste heat load on the refrigeration compressors and subsequent savings.   

 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 162,858 kWh.  The evaluation estimates 

annual energy savings to be 234,064 kWh, resulting in an annual energy savings realization ratio of 

144%.  The savings variance is due to the changes in operating hours and increased interactive 

refrigeration issues discussed above. 

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 

49.0% while the evaluation finds this value to be 49.7% resulting in a realization ratio of 108%.  The 

variance is due to the wet bulb based refrigeration efficiencies that fluctuate with temperature and from 

the changes in operating hours. TMY3 wet bulb temperatures were used to calculate the refrigeration 

savings. This is a unique temperature for each hour of the year. The regression analysis uses the went bulb 

temperature to calculate the efficiency of the system at that temperature. 

The summer demand peak reduction is estimated in the tracking analysis to be 24.70 kW.  The evaluation 

estimates the summer demand peak power reduction to be 29.9 kW, resulting in a realization ratio of 

121%.  The variance is due to the wet bulb based refrigeration interactions and changes in operating 

hours. 

The winter demand peak reduction is estimated in the tracking analysis to be 12.8 kW, and the evaluation 

found this value to be 28.5 kW, resulting in a realization ratio of 223%.  The variance is due to the wet 

bulb based refrigeration interactions and changes in operating hours. 
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Application ID: National Grid 863404 

Measure Category: Refrigeration 

Project Type: New Construction 

Summary 

This project involves the New Construction of a 31,000 ft2 supermarket. The store is open from 7 am to 

10 pm Monday through Saturday and from 7 am to 9 pm on Sunday. The project has two measures.  

Savings are obtained by installing efficient refrigeration cases that contain LED lighting, electrically 

commutated evaporator (ECM) fan motors, and reduced wattage anti-condensate heaters. The second 

measure installs high efficiency condenser fans. 

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 245,055 kWh is 14.0% greater than the tracking estimates. Summer on-peak demand savings is 

4.0% more than the tracking estimates and winter on-peak demand savings are 48% greater than 

anticipated. The primary sources of the variance are longer operation of anti-condensate heaters and the 

installed condenser fans operating more efficiently.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 
Estimate 

Evaluation 
Estimate 

Evaluation / 
Tracking 

Annual Energy (kWh) 214,201 245,055 114% 

% Energy Savings On-Peak 46.0% 49.2% 107% 

Summer On-Peak Demand (kW) 33.80 35.17 104% 

Winter On-Peak Demand (kW) 16.30 24.19 148% 

Project Description 
In ECM-1, high efficiency refrigerated showcases are installed in this store, including 29 freezer cases 
operating off the low temperature compressor rack and 44 refrigerated cases operating of the medium 
temperature compressors.  These new units include electrically commutated evaporator fan motors in all 
cases, LED lighting in the freezer cases, and reduced wattage anti-condensate heaters on the freezer units. 
Table 2 shows a list of the new store equipment and the associated technologies. 
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Table 2: Installed Equipment 

 
 

The savings are based upon less efficient showcases being installed in the facility.  All the baseline units 
come equipped with shaded-pole evaporator fan motors.  Fluorescent lighting provides illumination in the 
freezer cases. There are no showcase occupancy sensors and case lighting schedules are controlled by an 
energy management system. The EMS is programmed and operated through the corporate office. Store 
personnel cannot access the EMS or make schedule changes.  The freezer cases also come equipped with 
larger wattage anti-condensate heaters. 

The tracking documentation shows that the lighting or anti-condensate heater loads in the 44 refrigerated 
cases are identical between the baseline and installed scenarios.  Anti-condensate heater controls are also 
installed in both scenarios so there are no additional control savings.  Lighting and evaporator fan 
operating hours are also unchanged between the baseline and installed conditions. 

Y/N Y/N Y/N Y/N Y/N Y/N Y/N Y/N
A1-A Y N/A Y Y B1-G1 N/A N/A Y N/A
A1-B1 Y N/A Y Y B1-G2 N/A N/A Y N/A
A1-B2 Y N/A Y Y B1-G3 N/A N/A Y N/A
A1-B3 Y N/A Y Y B1-H1 N/A N/A Y N/A
A1-C1 Y N/A Y Y B1-H2 N/A N/A Y N/A
A1-C2 Y N/A Y Y B1-H3 N/A N/A Y N/A
A1-D1 Y N/A Y Y B1-H4 N/A N/A Y N/A
A1-D2 Y N/A Y Y B1-M N/A N/A N/A N/A
A1-E1 Y N/A Y Y B1-N N/A N/A Y N/A
A1-E2 Y N/A Y Y B1-P N/A N/A N/A N/A
A1-F1 Y N/A Y Y B1-Q N/A N/A N/A N/A
A1-F2 Y N/A Y Y B1-R1 N/A N/A N/A Y
A1-G1 Y N/A Y Y B1-R2 N/A N/A N/A Y
A1-G2 Y N/A Y Y B1-S1 N/A N/A N/A Y
A1-H1 Y N/A Y Y B1-S2 N/A N/A N/A Y
A1-H2 Y N/A Y Y B1-V N/A N/A Y N/A
A1-I1 Y N/A Y Y B2-B N/A N/A Y N/A
A1-I2 Y N/A Y Y B2-C N/A N/A Y N/A
A1-J1 Y N/A Y Y B2-D1 N/A N/A Y N/A
A1-J2 Y N/A Y Y B2-D2 N/A N/A Y N/A
A1-K Y N/A Y Y B2-D3 N/A N/A Y N/A
A1-L Y N/A Y Y B2-G N/A N/A Y N/A
A1-L2 Y N/A Y Y B2-H1 N/A N/A Y N/A
A1-L3 Y N/A Y Y B2-H2 N/A N/A Y N/A
A1-M1 Y N/A Y Y B2-I1 N/A N/A Y N/A
A1-N Y N/A Y Y B2-I2 N/A N/A Y N/A
A1-O N/A N/A Y N/A B2-L N/A N/A Y N/A
A1-P1 N/A N/A Y N/A B2-M1 N/A N/A Y N/A
A1-P2 N/A N/A Y N/A B2-M2 N/A N/A Y N/A
B1-C N/A N/A N/A N/A B2-M3 N/A N/A Y N/A
B1-D1 N/A N/A Y Y B2-M1 N/A N/A Y N/A
B1-D2 N/A N/A Y Y B2-N1 N/A N/A Y N/A
B1-D3 N/A N/A Y Y B2-N2 N/A N/A Y N/A
B1-E N/A N/A Y Y B2-N3 N/A N/A Y N/A
B1-F1 N/A N/A Y Y B2-O1 N/A N/A Y N/A
B1-F2 N/A N/A Y Y B2-O2 N/A N/A Y N/A

ECM 
Fans

ACH

Hill/Ph O5DM (Dairy)-8ft
Hill/Ph O5DM (Dairy)-8ft

Sys # Case model
LED 
Lights

Occupancy 
Sensor

Hill/Ph O5DM (Dairy)-8ft
Hill/Ph O5DM (Dairy)-6ft
Hill/Ph O5DM (Produce)-12ft
Hill/Ph O5DM (Dairy)-12ft
Hill/Ph O5DM (Dairy)-12ft
Hill/Ph O5DM (Dairy)-12ft

Hill/Ph O5DM (Dairy)-8ft
Hill/Ph O5DM (Dairy)-8ft
Hill/Ph O5DM (Dairy)-12ft
Hill/Ph O5DM (Dairy)-12ft

Hill/Ph O5DM (Deli)-12ft
Hill/Ph O5DM (Deli)-8ft

Hill/Ph OHMH-10ft
Hill/Ph O5DM (Dairy)-6ft

Hill/Ph O5DM (Dairy)-8ft
Hill/Ph OHMH-6ft
Hill/Ph OHMH-12ft
Hill/Ph OHMH-12ft
Hill/Ph OHMH-12ft

Hill/Ph OIPB-8ft
Hill/Ph OIPB-8ft
Hill/Ph OIPB-8ft

Zero_Zone RVCP30-3dr
Hill/Ph OHMH-6ft
Hill/Ph SSGC-12ft
Hill/Ph SSGC-8ft
Hill/Ph OIPB-8ft

Hill/Ph OHPH-8ft
Hill/Ph OHPH-6ft

Hill/Ph O3.5UM-12ft

Hill/Ph O5DM (Produce)-12ft
Hill/Ph O5DM (Produce)-12ft
Hill/Ph O5DM (Produce)-12ft
Hill/Ph OHPH-12ft
Hill/Ph OHPH-12ft

Hill/Ph ON2UM-2ft
Hill/Ph O3.5UM-12ft

Hill/Ph ONN3.5UW-8ft
Hill/Ph OSI-12ft
Hill/Ph OSI-8ft
Hill/Ph OSI-8ft

Zero_Zone RVZP30-2dr
Zero_Zone RVZP30-2dr
Bakery Frz (LPE-138)
Grocery Frz (LPE-240)
Grocery Frz (LPE-240)

Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-2dr
Zero_Zone RVZP30-2dr
Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-4dr

Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-4dr
Zero_Zone RVZP30-4dr

Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-5dr

Zero_Zone RVZP30-2dr
Zero_Zone RVZP30-4dr
Zero_Zone RVZP30-4dr
Zero_Zone RVZP30-4dr
Zero_Zone RVZP30-5dr
Zero_Zone RVZP30-5dr

Sys # Case model
LED 
Lights

Occupancy 
Sensor

ECM 
Fans

ACH 
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ECM-2 installs high efficiency condenser fans.  The installed units are equipped with high performance 
pitched blades.  This optimizes the air movement. And the fans can operate at 540 rpm.  The baseline 
equipment consists of standard high-speed condensers operating at 840 rpm.  Less energy is required to 
achieve the same amount of heat rejection with the lower speed fans. 

Tracking Analysis 

Tracking Calculation Methodology 

ECM-1 

Savings for ECM-1 are calculated using Excel Spreadsheets..  The savings are calculated as the difference 
in the sum of connected power for the lights, fans, and anti-condensate heaters between the baseline and 
installed equipment times the annual operating hours.  The interactive refrigeration savings attributed to 
the reduced power load and associated internal gains at the compressor are added to obtain total savings. 

 

��ℎ����	 = 	 ((�����	– 	������)	�	ℎ�������) 	+	((�����	– 	������)	�	ℎ�������) 	
+ 	((����ℎ	– 	����ℎ�)	�	ℎ������ℎ))	

where: 

kWhcase = annual electric savings from fan, lighting, and anti-condensate heater operation 

kWfanb = total connected baseline evaporator fan power 

kWfani = total connected installed evaporator fan power 

hoursfan = annual evaporator fan operating hours 

kWltsb = total connected baseline lighting power 

kWltsi = total connected installed lighting power 

hourslts = annual lighting operating hours 

kWachb = total connected baseline anti-condensate heater power 

kWachi = total connected installed anti-condensate heater power 

hoursach = annual anti-condensate heater operating hours 

 

The annual kWh savings calculated above are converted to equivalent tons of cooling.  This tonnage in 
multiplied the efficiency of the refrigeration system to calculate the interactive refrigeration savings.  The 
kW/ton is generated by a macro that uses regression analysis values for performance based upon suction 
temperature. 
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��ℎ���	 = 	 ���ℎ����	�	3.412
12,000  �	���	

where: 

kWhref = interactive refrigeration savings 

kWhcase = annual electric savings from fan, lighting, and anti-condensate heater operation 

3.412 = BTUs per kWh 

12,000 = BTUs per ton of refrigeration 

eff = efficiency of the refrigeration system in kW/ton 

 

Total savings for the refrigerator and freezer cases is the sum of kWhcase and kWhref. 

 

ECM-2 

Savings for ECM-2 is calculated using a different Excel spreadsheet (not a Custom Express tool).  Annual 
operation is calculated separately for the freezer compressor rack and the refrigerated showcase 
compressor rack for both the baseline and installed scenarios.  The calculations are performed in 5 degree 
weather bins.  Temperature mid-points range from 102.5 degrees down to -2.5 degrees Fahrenheit.  
Condenser temperatures for each bin are taken from manufacturers’ data for both the baseline and 
installed systems. 

 

EER for each system and scenario is calculated using regression analysis equations based upon the design 
suction temperature and condenser temperature for each system. 

 

!!"	 = 	1/	(�������$�	 +	(��%&������	�	(��'$���(	 + 	460)) 	+	(��%&������	�	(��'$����	
+ 	460))	+	(��%&������	�	(��'$���(	 + 	460)))/	(��'$����	 + 460)	

 

where: 

EER = efficiency in EER per temperature bin 

intercept = regression analysis constant 

regvariable = regression analysis variable 

tempcond = condenser temperature per bin 

tempsuct = suction temperature 
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460 = conversion factor to deg Kelvin 

 

Compressor kW is the calculated per weather bin using the calculated EER and the design average load in 
BTUs. 

 

����'$	 = 	0.0001	�	 ����(!!" 	
 

where: 

kWcomp = compressor kW per bin 

0.0001 = kWh conversion factor  

load = average design load in BTUH 

EER = efficiency in EER per temperature bin 

 

The condenser BTUH load is calculated by adding the compressor kW to the average design loads in 
BTUH.  This adds the heat of compression to the refrigerated loads. 

 

*+,-�����	 = 	���(	 +	(����'$	�	3412)	
 

BTUHtotal = total heat rejection load at the condenser 

load = average design load in BTUH 

kWcomp = compressor kW per bin 

3412 = conversion factor kW to BTUs 

 

BTUHcond is then used to calculate the percent load at the condenser fans.  This is a percentage of the total 
condenser design load correlated to the difference between OAT dry bulb and condenser temperatures. 

 

.��($������	 = 	*+,-�����/	(*+,-���(	�	(��'$���(	– 	��'$())	
 

Condpercent = Percent load at the condenser 
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BTUHtotal = total heat rejection load at the condenser 

BTUHcond = design condenser capacity 

tempcond = condenser temperature per bin 

tempdb = outside air dry bulb temperature 

 

Condenser fan power is calculated using the design fan power and calculated load factor per bin.  The 
load factor is presented as a macro equation.  It is possible to view each load factor, but the source and 
equations generating the load factor are not readily identifiable.  These factors are within expected 
operating ranges and appear to be accurate. 

 

�����(	 = 	��(���%�	�	��	
 

kWcond = condenser fan kW per bin 

kWdesign = kW of condenser fans at full load 

lf = calculated load factor per bin. 

 

The sum of kWcomp and kWcond provide the total power for each system.  These calculations are performed 
for the freezer and refrigerated compressor systems for both the baseline and installed scenarios.  Total 
savings is the difference between total baseline and total installed consumption. 

 

The methodology used to estimate savings uses manufacturers’ design specifications and a weather based 
approach to estimate refrigeration performance.  Regression analysis formulas based around condenser 
and suction temperatures generate efficiencies.   

The percentage of energy savings occurring during energy peak periods was calculated based on the ratio 
of savings during peak periods to total energy savings.  The tracking analysis reported 46% on-peak 
savings, which is the ratio of total peak hours to total annual hours.  Summer and winter peak demand 
savings are calculated using the design criteria for the baseline and installed equipment along with the 
peak weather data for seasonal months. 

Discussion of Tracking Analysis 

This tracking methodology provides a comprehensive approach to estimating savings for these measures.  

The baseline values are a composite of measured values and vendor specifications.  The calculations 
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account for the differential loads for the lighting, evaporator fans, and anti-condensate heaters by case 

type and temperature. 

The condenser fan savings are calculated using regression analysis formulas that calculate performance 

based upon outside air temperature and the design specifications of the condenser fans. This permits fan 

operation to track against temperature and provides diversity in can denser operation.   

Baseline Validity 

The baseline equipment is based upon manufacturers’ specifications. Specific baseline values are 

identified for the lighting, evaporator fans, and anti-condensate heaters for each unit type installed in this 

project. Annual operating hours are based upon anticipated equipment operation. Manufacturers’ 

specifications are also used for the baseline condenser fans.  These baseline assumptions are valid.   

Evaluation Methodology 

A comprehensive site visit was conducted. The new refrigerated showcases were inventoried and 

examined.  Information from the case labels was taken and the wattage ratings for the lighting, fans, and 

anti-condensate heaters were recorded.  The new condenser fans were also inventoried. The operation of 

the new equipment was discussed with facility personnel. The electrical breakers for each load were 

identified in the electrical room panels.  The number of units on each circuit was obtained by comparing 

store layout schematics and circuit labeling with observations on the sales floor to confirm case type and 

quantity. Nameplate information was obtained for the new condensing units.  

One Elite power logger monitored four evaporator fan circuits that included low and medium temperature 

units.  A second Elite logger monitored four anti-condensate heater circuits.  Two time-of-use loggers 

were installed to monitor LED lighting circuits.  Two Elite loggers were installed to monitor the operation 

of the new condenser fans.  All of the installed condenser fans were monitored. 

Monitored data from the Elite power logger was converted into average hourly kW values.  These values 

are unique for each hour of the day and each day of the week. A “typical” weekly operating schedule was 

created from the data.  That schedule is provided in the Table 3  below.  The table shows the uniformity 

of evaporator fan motor operation. 
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Table 3:  Weekly ECM Operating Schedule 

 

Table 4 shows the same data for anti-condensate heater operation. 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.111 0.110 0.111 0.111 0.112 0.111 0.112
2 0.108 0.107 0.107 0.107 0.110 0.107 0.107
3 0.110 0.109 0.110 0.110 0.110 0.110 0.110
4 0.100 0.100 0.100 0.100 0.100 0.099 0.100
5 0.060 0.060 0.060 0.060 0.057 0.057 0.058
6 0.109 0.108 0.108 0.108 0.108 0.106 0.109
7 0.108 0.107 0.107 0.107 0.106 0.105 0.109
8 0.108 0.106 0.106 0.107 0.105 0.104 0.108
9 0.108 0.105 0.105 0.107 0.105 0.105 0.107
10 0.106 0.104 0.104 0.106 0.104 0.106 0.105
11 0.104 0.105 0.103 0.105 0.105 0.107 0.104
12 0.104 0.105 0.103 0.105 0.105 0.107 0.106
13 0.104 0.105 0.105 0.105 0.106 0.106 0.108
14 0.105 0.105 0.105 0.105 0.106 0.105 0.108
15 0.105 0.105 0.105 0.106 0.106 0.106 0.108
16 0.105 0.106 0.105 0.106 0.106 0.106 0.108
17 0.104 0.106 0.105 0.105 0.105 0.105 0.107
18 0.105 0.107 0.106 0.106 0.106 0.106 0.106
19 0.108 0.108 0.107 0.108 0.107 0.107 0.107
20 0.108 0.109 0.107 0.109 0.108 0.108 0.107
21 0.109 0.109 0.108 0.110 0.109 0.109 0.108
22 0.112 0.111 0.110 0.111 0.111 0.110 0.110
23 0.111 0.112 0.111 0.112 0.112 0.111 0.111
24 0.112 0.112 0.111 0.112 0.110 0.111 0.111

ECM 1 Average Hourly kW
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Table 4:  Weekly ACH Operating Schedule 

 

The time-of-use data for the lighting circuits was also converted to a weekly operating profile.  That 

schedule is shown in Table 5. 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.284 0.283 0.281 0.285 0.285 0.287 0.283
2 0.286 0.284 0.282 0.285 0.287 0.284 0.286
3 0.282 0.282 0.279 0.284 0.283 0.280 0.283
4 0.288 0.289 0.285 0.290 0.286 0.287 0.287
5 0.289 0.291 0.287 0.291 0.287 0.285 0.289
6 0.281 0.282 0.278 0.284 0.281 0.279 0.283
7 0.286 0.284 0.284 0.285 0.284 0.283 0.287
8 0.283 0.280 0.281 0.283 0.283 0.279 0.283
9 0.282 0.281 0.279 0.284 0.283 0.280 0.282
10 0.281 0.281 0.280 0.284 0.282 0.280 0.282
11 0.281 0.283 0.283 0.283 0.282 0.282 0.284
12 0.281 0.278 0.276 0.279 0.280 0.279 0.281
13 0.281 0.278 0.279 0.278 0.280 0.280 0.282
14 0.284 0.280 0.280 0.280 0.283 0.282 0.281
15 0.284 0.282 0.281 0.282 0.281 0.282 0.283
16 0.283 0.280 0.283 0.283 0.282 0.282 0.283
17 0.285 0.281 0.279 0.283 0.282 0.282 0.283
18 0.280 0.278 0.280 0.281 0.279 0.279 0.281
19 0.282 0.278 0.280 0.283 0.284 0.281 0.281
20 0.282 0.279 0.279 0.283 0.283 0.284 0.284
21 0.286 0.282 0.284 0.284 0.281 0.284 0.286
22 0.288 0.282 0.272 0.288 0.286 0.286 0.286
23 0.286 0.287 0.232 0.286 0.286 0.287 0.288
24 0.282 0.282 0.283 0.281 0.282 0.284 0.284

ACH 1 Average Hourly kW
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Table 5:  Weekly Lighting Operating Schedule 

 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The savings for each hour are summed to 

calculate annual savings.  Summer and winter peak demand savings are generated for the hours in those 

periods using the unique hourly values.  The hourly kW difference is also converted to equivalent BTUs 

and then to tons of refrigeration to estimate savings at the compressors. 

Evaluation Data Collection 

The make, model, and quantity of new refrigerated cases were noted.  The rated power of the heaters, 

fans, and lightings was obtained from the units. The ACH, lighting, and evaporator fan circuits were 

identified.  The nameplate data was recorded from the condenser fans. The operation of the new 

equipment was discussed with store personnel.  The installation was operating without problem. 

Hour Sun Mon Tue Wed Thu Fri Sat
1 84% 84% 84% 84% 84% 84% 84%
2 0% 0% 0% 0% 0% 0% 0%
3 0% 0% 0% 0% 0% 0% 0%
4 0% 0% 0% 0% 0% 0% 0%
5 16% 16% 16% 16% 16% 16% 16%
6 100% 100% 100% 100% 100% 100% 100%
7 100% 100% 100% 100% 100% 100% 100%
8 100% 100% 100% 100% 100% 100% 100%
9 100% 100% 100% 100% 100% 100% 100%
10 100% 100% 100% 100% 100% 100% 100%
11 100% 100% 100% 100% 100% 100% 100%
12 100% 100% 100% 100% 100% 100% 100%
13 100% 100% 100% 100% 100% 100% 100%
14 100% 100% 100% 100% 100% 100% 100%
15 100% 100% 100% 100% 100% 100% 100%
16 100% 100% 100% 100% 100% 100% 100%
17 100% 100% 100% 100% 100% 100% 100%
18 100% 100% 100% 100% 100% 100% 100%
19 100% 100% 100% 100% 100% 100% 100%
20 100% 100% 100% 100% 100% 100% 100%
21 100% 100% 100% 100% 100% 100% 100%
22 100% 100% 100% 100% 100% 100% 100%
23 100% 100% 100% 100% 100% 100% 100%
24 100% 100% 100% 100% 100% 100% 100%

Site Average LED Operating Percentage
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The Elite power loggers and TOU loggers were installed on November 30, 2012.  The power loggers 

recorded voltage, amperage, and kW every 15 minutes through the 67-day monitoring period. The TOU 

loggers monitored percent operation over the same period. Instantaneous power measurements were also 

recorded to verify the circuits and provide a monitored kW for comparison with the monitored kW values. 

Evaluation Savings Analysis 

Annual savings are calculated in an 8,760 hour spreadsheet. The spreadsheet calculates the operation and 

savings for the lighting, anti-condensate heaters, evaporator fans, interactive refrigeration, and condenser 

fans separately. The circuits for the lighting, anti-condensate heaters, and evaporator fans were identified 

in electrical panels located in the engine room. The circuits were matched with corresponding lights, fans, 

and heaters in the showcases on the sales floor.  The new equipment was tied back to the existing 

electrical panels. Many of the breakers were not labeled. Time was taken to assure that the equipment 

monitored was an accurate portrayal of the installed technologies.  These monitored units are 

representative of the installed equipment and their average power usage is compared with the 

corresponding baseline wattages from the TA study. It was not possible to monitor all motor and 

equipment sizes. The monitored kW data was applied only to their corresponding units in the evaluation. 

Tracking data was used for any remaining units that were not directly monitored. 

Electrically Commutated Evaporator Fan Motors 

The power data obtained from the Elite power logger provides a kW value for each operating hour of the 

year for the reach-in cases.  Monitoring was performed on six low temperature cases and five medium 

temperature units. These circuits were identified using instantaneous power measurements and field 

inventory of the units on each circuit. These were considered representative of the units installed. The 

monitored kW is estimated on a per unit basis.  Savings are calculated by multiplying the per-unit 

monitored kW by the total number of units and subtracting that value from the baseline ECM kW. 

LED Lighting 

Two time-of-use loggers [TOU] were installed to monitor lighting operation. The monitoring covered 

eight low temperature reach-in cases. The circuits were identified and the breakers by verifying LED 

lights shut off when the breakers were thrown. The TOU loggers provide the operating hours for the 

lighting. The baseline tracking and installed wattages were used to verify LED lighting savings. 

Anti-Condensate Heaters 

An Elite power logger monitored the operation of thee identified anti-condensate circuits. Monitoring 

covered seven anti-condensate heaters on low temperature reach-in cases.  The units were identified using 

instantaneous power measurements and field inventory of the units reported on the circuits. 
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High Efficiency Condensing Units 

The condensing units were inventoried and nameplate data collected.  The electrical circuits were traced 

and identified. Two Elite power loggers were installed to monitor the operation of the new high efficiency 

condensing units. 

Interactive Refrigeration Savings 

Performance data was obtained for the refrigeration system.  A regression analysis formula was created 
between the total refrigeration power [compressors and condenser fans] and outside air wet bulb 
temperatures.  Efficiencies for the system ranged from 1.02 kW/ton at 0°F wb to 1.52 kW/ton at 74°F wb.  

The differential power requirements of the evaporator fans, LED lighting, and anti-condensate heaters 
represent a quantity of waste heat that must be removed by the compressors. The savings kW is converted 
to BTUs and then into refrigeration tons. The regression analysis formula then provides the efficiency in 
kW per ton to generate the refrigeration savings. Interactive refrigeration savings apply to the LED, ACH, 
and ECM measures. 

�����	 = 		 ((������	�	3.413)/12,000)	�	!��	
where 

kWref = refrigeration kW savings 

kWfans = (fan kW baseline x fan kW installed x 100% ACH to heat diversity factor) 

3.413 = BTUs per kW 

12,000 = BTUs per ton of refrigeration 

Eff = efficiency of the refrigeration compressors in kW/ton  

Hourly savings were summed to generate annual savings.  Summer and winter demand savings were 

calculated for the hours in those periods.  The savings for day one of the analysis is provided in Table 6 

below. 

Table 6: Calculation Spreadsheet 
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Figure 1 below shows the daily operating profiles of the monitored evaporator fans. The data shows the 

uniformity of operation. 

Figure 1: ECM Operating Profile 

 

Min 0.00 12.11 3.90 0.18 0.00 16.84 0.00 20.63 8.68 0.00 0.00 29.32 3.02 15.06
Max 2.07 12.42 4.73 1.80 5.00 26.02 7.85 20.63 8.68 4.93 12.00 54.10 8.33 40.65

Totals Totals 15,118 107,699 40,477 4,523 9,278 177,095 57,267 180,736 76,072 15,808 44,043 373,926 48,223 245,055

Worcester MA TMY3 Temp

Date Month Day

D of 
Wk Hour

Site LED 
kW

Site 
ACH 
kW

Site 
ECM 
kW

Site 
Condenser 
Fan Rack A 

kW

Site 
Condenser 
Fan Rack B 

kW

Site 
Total 
kW

Tracking 
LED kW

Tracking 
ACH kW

Tracking 
ECM kW

Tracking 
Condenser 
Fan Rack A 

kW

Tracking 
Condenser 
Fan Rack B 

kW

Total 
Tracking 

kW
Ref 

Savings
kWh 

Savings

1/1/2011 Jan Sat 7 1 1.74 12.36 4.72 0.19 0.42 19.43 6.59 20.638.68 0.29 0.66 36.86 5.12 22.55

1/1/2011 Jan Sat 7 2 0.00 12.27 4.64 0.19 0.41 17.51 0.00 20.638.68 0.28 0.64 30.24 3.72 16.44
1/1/2011 Jan Sat 7 3 0.00 12.33 4.70 0.19 0.41 17.63 0.00 20.638.68 0.28 0.64 30.24 3.68 16.29
1/1/2011 Jan Sat 7 4 0.00 12.38 4.55 0.19 0.39 17.51 0.00 20.638.68 0.27 0.62 30.21 3.71 16.42

1/1/2011 Jan Sat 7 5 0.33 12.39 3.92 0.19 0.39 17.23 1.25 20.638.68 0.27 0.62 31.46 4.17 18.41
1/1/2011 Jan Sat 7 6 2.07 12.33 4.69 0.19 0.38 19.66 7.85 20.638.68 0.26 0.62 38.04 5.42 23.79
1/1/2011 Jan Sat 7 7 2.07 12.33 4.67 0.19 0.38 19.64 7.85 20.638.68 0.26 0.62 38.04 5.42 23.82
1/1/2011 Jan Sat 7 8 2.07 12.31 4.67 0.19 0.39 19.63 7.85 20.638.68 0.27 0.62 38.06 5.43 23.86
1/1/2011 Jan Sat 7 9 2.07 12.29 4.65 0.19 0.42 19.62 7.85 20.638.68 0.29 0.66 38.11 5.44 23.93
1/1/2011 Jan Sat 7 10 2.07 12.24 4.62 0.20 0.44 19.56 7.85 20.63 8.68 0.30 0.69 38.15 5.46 24.05
1/1/2011 Jan Sat 7 11 2.07 12.24 4.61 0.20 0.44 19.55 7.85 20.63 8.68 0.30 0.69 38.15 5.47 24.07

1/1/2011 Jan Sat 7 12 2.07 12.25 4.63 0.20 0.45 19.59 7.85 20.63 8.68 0.32 0.72 38.20 5.46 24.07
1/1/2011 Jan Sat 7 13 2.07 12.28 4.66 0.20 0.45 19.66 7.85 20.63 8.68 0.32 0.72 38.20 5.44 23.98
1/1/2011 Jan Sat 7 14 2.07 12.27 4.66 0.20 0.44 19.64 7.85 20.63 8.68 0.30 0.69 38.15 5.44 23.95
1/1/2011 Jan Sat 7 15 2.07 12.29 4.67 0.20 0.44 19.66 7.85 20.63 8.68 0.30 0.69 38.15 5.43 23.93
1/1/2011 Jan Sat 7 16 2.07 12.29 4.67 0.19 0.42 19.64 7.85 20.63 8.68 0.29 0.66 38.11 5.43 23.90
1/1/2011 Jan Sat 7 17 2.07 12.26 4.64 0.19 0.39 19.56 7.85 20.63 8.68 0.27 0.62 38.06 5.45 23.95
1/1/2011 Jan Sat 7 18 2.07 12.29 4.64 0.19 0.38 19.56 7.85 20.63 8.68 0.26 0.62 38.04 5.45 23.92
1/1/2011 Jan Sat 7 19 2.07 12.30 4.65 0.19 0.35 19.56 7.85 20.63 8.68 0.24 0.61 38.01 5.44 23.89
1/1/2011 Jan Sat 7 20 2.07 12.33 4.66 0.19 0.32 19.57 7.85 20.63 8.68 0.21 0.63 38.00 5.42 23.86
1/1/2011 Jan Sat 7 21 2.07 12.35 4.67 0.18 0.28 19.56 7.85 20.63 8.68 0.16 0.67 37.99 5.41 23.84
1/1/2011 Jan Sat 7 22 2.07 12.38 4.70 0.19 0.25 19.58 7.85 20.63 8.68 0.10 0.70 37.97 5.38 23.77
1/1/2011 Jan Sat 7 23 2.07 12.42 4.72 0.19 0.23 19.63 7.85 20.63 8.68 0.00 0.72 37.88 5.36 23.60
1/1/2011 Jan Sat 7 24 2.07 12.38 4.71 0.19 0.22 19.57 7.85 20.63 8.68 0.00 0.74 37.90 5.36 23.69

EVALUATION SAVINGSTRACKING
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Figure 2 shows the monitoring profile of the ECM’s during the monitored period. 

Figure 2: ECM Monitoring Profile 

 

 

Figure 3 and Figure 4 show the monitoring profile of the anti-condensate heaters during the monitored 

period. 

Figure 3: ACH Operating Profile 

0.000

0.050

0.100

0.150

0.200

0.250

1 1
1

2
1

3
1

4
1

5
1

6
1

7
1

8
1

9
1

1
01

1
11

1
21

1
31

1
41

1
51

1
61

1
71

1
81

1
91

2
01

2
11

2
21

2
31

2
41

2
51

2
61

2
71

2
81

2
91

3
01

3
11

kW

Monitoring Hour

ECM kW Over Monitoring Period



DNV KEMA Energy & Sustainability   

KEMA, Inc. June 2013 15 

 

Figure 4: ACH Monitoring Profile 

 

Figure 5 shows the monitored LED operating profile. 

Figure 5: LED Monitoring Profile 
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Figure 6 and Figure 7 show the monitoring data for rack A condenser fans. Figure 8 and Figure 9 shows 
the monitored data for the remaining fans. 

Figure 6: Rack-A Condenser Fan Profile 
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Figure 7: Rack-A Monitoring Profile  

 

Figure 8: Rack-B Condenser Fan Profile 

 

Figure 9: Rack-B Monitoring Profile 
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Verification of Equipment and Operating Parameters 

Table 7 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 7:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

Evaporator Fan kW Baseline 8.68 8.68 100% 

Evaporator Fan kW Installed 4.53 4.62 102% 

Evaporator Fan Operating Hours 8,273 8,760 106% 

Lighting kW Baseline 7.85 7.85 100% 

Lighting kW Installed 2.07 2.07 100% 

Lighting Operating Hours 8,273 7,300 88% 

Anti-Condensate Heater kW Baseline 20.63 20.63 100% 

Anti-Condensate Heater  kW Installed 11.97 12.29 103% 

Anti-Condensate Heater Operating Hours 3,942 8,760 222% 

Condenser Fan Max kW Baseline 12.0 12.0 100% 

Condenser Fan Max kW Installed 7.92 6.80 86% 

The savings variance is primarily due to differences in operating hours for the different systems.  The 

LED lighting is operating 12% less than anticipated. Tracking anti-condensate heater savings included 

humidity controls that enable the heaters when store humidity reaches a control set point. Monitoring 
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shows that the ACH operates continuously and no humidity control is in effect. This more than doubles 

the operation of the anti-condensate heaters. Monitoring also shows that the condenser fans are 

consuming 14% less power than anticipated. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 214,201 kWh.  The evaluation estimates 

annual energy savings to be 245,055 kWh, resulting in an annual energy savings realization ratio of 

114%.  The savings variance is due to the changes in operating hours discussed above. 

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 

46.0% while the evaluation finds this value to be 49.2% resulting in a realization ratio of 107%.  The 

increased ACH operating hours added saving to the on-peak period.  

The summer demand peak reduction is estimated in the tracking analysis to be 33.8 kW.  The evaluation 

estimates the summer demand peak power reduction to be 35.17 kW, resulting in a realization ratio of 

104%.  The variance is due to the small differences between the tracking and monitored kW values of the 

systems. The demand savings are also affected by the hourly wet bulb based refrigeration interactions. 

The winter demand peak reduction is estimated in the tracking analysis to be 16.3 kW, and the evaluation 

found this value to be 24.19 kW, resulting in a realization ratio of 148%.  The variance is due to the same 

interaction discussed in the summer demand plus the increased operation of the anti-condensate heaters. 
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SUMMARY 
This Energy Initiative project involved the implementation of the following five refrigeration and HVAC 
efficiency measures at a grocery story.  

1. Optimized floating head pressure control  

2. Implemented floating suction pressure control 

3. Installed freezer door defrost heater control 

4. Replaced shaded pole motors with EC motors on evaporator fans 

5. Implemented time-of-day schedules on HVAC fans 

 Overall savings are summarized in Table 1.

Table 1: Savings Summary

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of 
Tracking 

Annual Energy, kWh 270,428 224,597 83.1% 
Percent Energy On-peak 40% 44% 110% 
Summer On-Peak kW 32.9 16.0 48.5% 
Winter On-Peak kW 39.7 30.1 76.0% 

Evaluated savings for ECM 1 and ECM 2 are below expectations due primarily to lower-than-expected 
compressor loads. Savings for ECM 3are higher than expected due to differences in calculated space 
humidity loads.  Savings for ECM 4 are lower than predicted by the ratio of the TA’s estimated unit fan 
savings for the same ECM implemented at another store in the same chain by the same contractor based 
on estimates provided by the same TA.  Savings for ECM 5 is significantly lower primarily because the 
TA underestimated the night time operating hours.   

PROJECT DESCRIPTION
The project evaluated five ECMs applied to the refrigeration and HVAC equipment at a retail 
supermarket.  The R404a refrigeration system is comprised of 14 Bitzer reciprocating compressors and 
two Hussman air-cooled condensing units each with twelve 1-hp fans for a total of 24 condenser fans.  On 
the load side among the store’s refrigerated walk-ins and cases are 249 evaporator fans and 40 doors with 
built-in electric defrost heating. The HVAC system is comprised of eight rooftop units (RTUs) with on-
board gas-fired heating and a combined DX cooling capacity of approximately 84 tons.  Each ECM is 
described in detail below. 

Error! No text of specified style in document. 1 
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ECM #1 and #2 Floating Head and Suction Pressure Controls 

Description 

Floating head pressure control had been an intended feature of the existing Danfoss refrigeration EMS but 
it did not operate properly because the required outside air temperature sensor had not been installed and 
the minimum allowable condensing temperature was set too high. Floating suction pressure control was 
not included with the original setup. With the completion of this project the existing EMS has been wired 
and reconfigured so that both control strategies can operate properly, greatly reducing the load on the 
compressors.   

Pre-Retrofit Case Equipment and Operation  

Regardless of the operational condition of the refrigeration system the minimum condensing setpoints 
were set at 195 psig (87F SCT) for Rack A and 190 psig (85F SCT) for Rack B. The suction pressure 
setpoints for each suction group were fixed at levels lower than design.  See the tables below for more 
details about the pre-retrofit racks and suction groups. 

Table 2: ECM #1 and #2 – Pre-Retrofit Case Rack A - Suction Group AL 

2 Error! No text of specified style in document.
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Table 3: ECM #1 and #2 – Pre-Retrofit Case Rack A - Suction Group AR 

Same as AL 

Table 4: ECM #1 and #2 – Pre-Retrofit Case Rack B System - Suction Group B 

Installed Case Equipment and Operation 

Appropriate sensors and equipment were installed to allow the store’s energy management system (EMS) 
to control the compressor head pressure according to outside air conditions and refrigeration loads. The 

Error! No text of specified style in document. 3 
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head pressure is allowed to float down to 150 psig, while suction pressures are allowed to rise to 16 psig 
on compressor group AL and 50-55 psig on compressor groups AR and B. 

ECM #3 Freezer Door Anti-Condensate Heater Controls 

Description 

The store has 40 reach-in frozen food case doors with built-in glass and frame heaters to prevent 
condensation during high space humidity conditions. These heaters originally operated at a constant full-
power level, regardless of the actual space humidity. With the installation of independent anti-sweat 
controllers at each frozen food case the heaters now energize only when the local space dewpoint rises 
above setpoint, which can be custom-tailored for each unit.  

Pre-Retrofit Case Equipment and Operation 

Altogether drawing a total of 26.7 amps at 120 volts, the 40 Hussman door heaters operate all hours at a 
total fixed demand of 3.2 kW regardless of the space dewpoint temperature. 

Installed Case Equipment and Operation 

With the installation of new Control-Tec controls, the door surface temperatures and store inside 
dewpoint temperatures are constantly monitored and the heating power for each case door is assumed to 
ramp down from 100% when the inside dewpoint is 50F to 0% when the inside dewpoint is 25F. 

ECM #4 Evaporator Fan Replacements 

Description 

When the store was originally designed shaded-pole evaporator fan motors were standard-practice. But 
subsequently, high efficiency electronically commutated (EC) motors have been developed for both OEM 
and retrofit applications. Besides being inherently less expensive to operate, another benefit of the EC 
motors is that since they run much cooler there is much less heat put into the refrigeration system.  

At this store the evaporator fans in the medium temperature cases and walk-in coolers run non-stop all 
year. The fans in the low temperature cases and walk-in freezers also run continuously, but shut off 
during the 30 minute defrost cycles which occur four times per day. Fan quantities are as shown in Table
5.

This ECM comprises about 50% of the overall expected savings. 

Table 5: ECM #4 - Evaporator Fan Inventory 

Walk-Ins Cases
Low Temperature 13 49 
Medium Temperature 49 138 

Pre-Retrofit Case Equipment and Operation 

The pre-retrofit case evaporator fan motors are the shaded pole type which, on average, demand 126W 
each in the Walk-Ins and 53W each in the Cases. 

4 Error! No text of specified style in document.
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Installed Case and Operation 

The installed case motors are EC type and are presumed to need 29% less power than the shaded pole 
type motors. 

ECM #5 Time-of-Day Schedules on HVAC Fans 

Description 

The rooftop units at this location are controlled by the existing EMS, which in the pre-retrofit case were 
not configured to allow for on/off control of the supply fans. Table 6 describes the heating and cooling 
fans and coil capacities for the four largest HVAC units at the store. With the implementation of 
additional I/O and programming the supply fans are now de-energized during non-operating store hours 
when there is no call for heating/cooling.  

Table 6: ECM #5 - Installed Heating and Cooling Equipment 

Pre-Retrofit Case Equipment and Operation 

The supply fans ran continuously regardless of the heating/cooling load or time-of-day. 

Installed Case Equipment and Operation 

The EMS system employs a time-of-day schedule that shuts off the fans when there is no call for heating 
or cooling at night. 

TRACKINGANALYSIS
Tracking Calculation Methodology 
A spreadsheet-based energy model was used to predict the refrigeration/HVAC energy for the pre-retrofit 
case and installed case conditions. Weather data was taken from NOAA / National Climatic Data Center 
for Boston MA. Annual bin tables were formed to represent the pre-retrofit case and installed case system 
conditions.

Error! No text of specified style in document. 5 
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ECM #1 and #2 Floating Head and Suction Pressure Controls 

The TA assumed the refrigeration evaporator loads to be equal to the design loads found in the site-
specific refrigeration legends for Racks A and B (see Table 2, Table 3, and Table 4 above). Based on data 
extracted from Bitzer’s compressor performance software, a regression was developed for the overall 
performance (EER) of each compressor rack as a function of SST and SCT.  Based on capacity numbers 
extracted from Hussman’s data sheets the air-cooled condensers were assigned a fixed capacity per degree 
temperature difference between the SCT and the ambient drybulb.  The part-load for each condensing unit 
was then estimated as the ratio of the sum of the evaporator and compressor heat to the condenser 
capacity. The fan power for each condensing unit was then assumed to roughly follow part load, with % 
power increasing at a slightly lower rate than part load.  

ECM #3 Freezer Door Anti-Condensate Heater Controls  

The inside dewpoint was assumed to track the outside dewpoint, with a high limit of 50�F due to the 
existing dehumidification system and with a low limit of 30�F due to moisture emitted from product and 
people. The heater power was assumed to vary linearly with inside dewpoint, with 100% power at 50�F
dewpoint and 0% power at 25�F dewpoint. The installed power for the existing heaters was taken from 
data provided in a previous study. 

ECM #4 Evaporator Fan Replacements 

The installed power for the existing shaded-pole motors was taken from data provided in a previous 
study. The power for the ECM motors was assumed to be 29% of the shaded-pole power, based on prior 
retrofit studies. Indirect savings are calculated by applying a weighted average EER of 8.1 Btuh/Watt for 
the fans serving the low temperature evaporators, and 15.8 Btuh/Watt for the fans serving the medium 
temperature evaporators. 

ECM #5 

The night setback hours were assumed to be from 10 p.m. to 6 a.m., 365 days per year. HVAC design 
parameters were taken from the mechanical construction plans and verified at the store. A linear load vs 
ambient temperature model was developed from gas usage taken from National Grid billing data. This 
relationship was used to determine the part load of the heating/cooling equipment in each temperature bin. 
An average fan demand during setback was then calculated in each temperature bin as the respective part 
load of the heating/cooling equipment multiplied by the design fan demand.  Fan energy usage during 
setback hours was then calculated by multiplying this average fan demand by the number of setback hours 
in the temperature bin. Cooling loads and compressor energy were assumed to remain same. 

6 Error! No text of specified style in document.



MA Custom Refrigeration, Motor and Other Impact Evaluation                                    NGRID Project 640749 

EVALUATION ANALYSIS 
Evaluation Calculation Methodology 
ECM #1 and #2 Floating Head and Suction Pressure Controls 

Installed Case Logged Trends 

For evaluation of the head and suction pressure controls, the evaluators deployed a set of current 
transducers to monitor the amperage on each of the three phases feeding the compressors in Rack A (both 
AL and AR compressors) and another set to monitor the amperage on each of the three phases feeding the 
Condenser A fans. Data was logged at 15-minute intervals from October 2, 2012 to November 20, 2012. 
Coincident spot readings of current and power draw were taken during the site visit and the resulting ratio 
of these values was used to convert the trended amp values to kW values. The resulting kW values are 
plotted along with outdoor temperature in Figure 20 in the appendix. 

In addition, the EMS contractor provided hourly data trends for seven full days from November 12, 2012 
through November 18, 2012. These trends included the following data: 

• Indoor and outdoor drybulb temperature 

• On/off status for each of the compressors on Racks A and B 

• Suction pressure and temperature for each of three suction pressure groups (AL, AR, and B) 

• Condensing pressure for Racks A and B 

The EMS indoor and outdoor temperature trends are shown in Figure 1 juxtaposed with the evaluators’ 
logged temperature trends.  Compressor status trends were converted to reflect design kW and summed 
for each compressor group. The resulting design kW trends are shown in Figure 2. The EMS pressure and 
temperature trends for Rack A and Rack B are shown in Figure 3 and Figure 4, respectively. 

While the pressure trends of Figure 3 and Figure 4 coincide with what the TA calculated, the average 
suction temperatures are significantly higher than expected and clearly erroneous.  For this reason the 
EMS temperature trends were not used and instead the corresponding temperature trends were calculated 
by applying a regression model for the saturation temperature of R404a as a function of saturation 
pressure.  This model is shown in Figure 5.  The resulting temperature trends, shown in Figure 6, coincide 
very closely with the suction and condensing temperatures the TA estimated. 
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Figure 1: EMS and Logged Indoor and Outdoor Temperatures 

Figure 2: kW by Compressor Group Based on Status of Compressors and Their Design kW 
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Figure 3: EMS Rack A Pressures and Temperatures 

Figure 4: EMS Rack B Pressures and Temperatures 
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Figure 5: R404a Saturation Curve 

Figure 6: Calculated Rack A and Rack B Temperatures 

Installed Case Derived kW Trends 

Logged data provided the kW trends for the compressors and condenser fans associated with Rack A but 
not Rack B.  Evaluators estimated the kW trends associated with Rack B by applying a series of 
calculations using performance data for the installed compressors.  To do this, evaluators first applied the 
TA’s polynomial regression model defining EER as a function of condensing temperature and suction 
temperature to generate a rated-load-weighted overall average EER equation for each of the three suction 
groups.
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The kW profiles for Rack B’s compressors and condenser fans were then derived through manipulation of 
the three suction group EER equations, and adoption of the following assumptions: 

1. The ratio of AL’s cooling load to AR’s cooling load equals the ratio of AL’s coincident design 
capacity to AR’s coincident design capacity 

2. The operating full load capacity of each condensing unit is proportional to its approach 
temperature, where the constant of proportionality is the ratio of the design full load capacity to 
the design approach temperature. 

3. The part load profile for Rack B is the same as Rack A.   

A detailed discussion of this derivation is given in the Appendix.  Figure 7 summarizes the findings in 
terms of total compressor load, and total compressor and condenser fan kW. 

Figure 7: Total Installed Case kW and Load 

Installed Case Full-Year Extrapolations 

To extrapolate the derived kW trends depicted in Figure 7 to an annual hourly load profile evaluators 
developed and applied several regression models based on the available short-term trends.  The models 
fell into the following five categories. The number of models that were developed in each category is 
shown in parenthesis. 

1. Total compressor load (1) 

2. Indoor drybulb temperature (1) 

3. Compressor suction temperatures (3) 

4. Condenser approach to outdoor drybulb (2) 

5. Condenser fan performance (1) 
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All the models were functions of outdoor drybulb temperature, except the first, which was a function of 
indoor temperature. The results of these regressions are shown below in Figure 8, Figure 9, and Figure 10,
respectively.  Details about how they were developed and applied are described in the Appendix. 

Figure 8: Overall Cooling Load Model 

Figure 9: Indoor Drybulb Temperature Model 
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Figure 10: Suction Temperature Models 

Figure 11: Condenser Approach Models 
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Figure 12: Condenser Performance Model 

Pre-Retrofit Case Full-Year Extrapolations 

Evaluators estimated the pre-retrofit kW trends for an annual hourly profile by applying the same models 
used in the installed case but adjusting the condensing and suction temperatures to reflect the assumed 
pre-retrofit conditions.  Condensing pressure for the pre-retrofit case had been assumed by the TA to be 
195 psig for Rack A and 190 psig for Rack B, which for R404a corresponds to 93°F and 90°F, 
respectively.  Suction temperature was assumed to be 11.5°F for group AR, -28°F for compressor group 
AL, and 13°F for group B.  Evaluators were unable to validate these values, but took them to be 
reasonable.

Savings

Demand savings were calculated at each hour of the reference year as the difference between the total kW 
for the pre-retrofit case and the total kW for the installed case.  Figure 13 shows the pre-retrofit and 
installed case condensing temperatures for Rack A calculated for the evaluation based on typical 
meteorological year (TMY) data, as well as the associated outdoor dry-bulb temperature. Figure 14 and 
Figure 15 show the reductions in condensing temperatures and increases in suction temperatures 
calculated for the evaluation. 
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Figure 13: Rack A TMY Condensing Temperatures 

Figure 14: TMY Condensing Temperature Reduction 
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Figure 15: TMY Suction Temperature Increase 

ECM #3 Freezer Door Anti-Condensate Heater Controls 

The M&V Plan for the anti-sweat heaters called for logging their power draw to determine the average 
on-time. Because the electrical distribution system provided several end-uses on single circuits within the 
cases/walk-ins, it was not possible to isolate the anti-sweat heaters’ energy consumption. 

However, evaluators took the TA’s relationship between the heater percent full-load power (3.2 kW) and 
indoor dewpoint described above to be valid.  Evaluators then applied logged indoor and outdoor 
temperature and humidity data to generate a regression formula for indoor dewpoint as a function of 
outdoor dewpoint.  Evaluators applied this formula to hourly TMY data to estimate the annual indoor 
dewpoint profile for the store.  Finally, evaluators applied the indoor dewpoint profile to the TA’s formula 
to determine the overall coincident operating demand (kW) of the store’s anti-sweat heaters.  This 
demand profile was subtracted from the fixed pre-retrofit profile of 3.2 kW to determine the savings 
profile.

ECM #4 Evaporator Fan Replacements 

The M&V Plan for the EC motors called for logging their power draw to determine the average on-time. 
Because the electrical distribution system provided several end-uses on single circuits within the 
cases/walk-ins, it was not possible to isolate the energy consumption of the EC fan motors. 

Several grocery stores from the same chain received energy conservation measures in the same program 
cycle as the subject store. One of those other stores was included in this evaluation. Because that store 
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also received EC fan motors, with TA analysis by the same company and installation by the same 
contractor, evaluators adopted the overall average direct demand savings per unit (42.2 Watts/fan) found 
at that store to this store.  Evaluators multiplied that number by the TA’s estimated operating hours, 
which was weighted to account for defrost cycles in the low temperature cases. The result gave an 
estimated value for the direct annual energy savings per unit (362 kWh/fan).  To account for indirect 
energy savings, evaluators multiplied the direct savings per unit by the COP value assumed by the TA, 
which was weighted to account for the performance difference between low and medium temperature 
cases.  In this manner the sum of the direct and indirect energy savings per unit (overall unit energy 
savings) was found to be 459 kWh/fan.  Overall average demand savings was then calculated for this 
store by multiplying the overall unit energy savings by the total number of affected fans and dividing by 
8760 hours.  The result, 13.0 kW, was assumed to represent a fixed reduction in demand. 

ECM #5 Time-of-Day Schedules on HVAC Fans 

One logger was deployed to trend the amperage on each of the three phases feeding the largest of the 
RTUs and another logger was deployed to trend the coincident outside air temperature. Data was logged 
at 15-minute intervals from October 2, 2012 to November 20, 2012. Amperage was converted to kW by 
assuming a constant of proportionality derived from spot readings taken during the site visit.  The 
resulting trends are shown in Figure 16.  A close-up view showing the first week of the logging period is 
shown in Figure 17.  The fan operates continuously at slightly less than 7 kW during the day from 3:30 
a.m. to 6:00 p.m. On warm days demand spikes to 20 kW when the DX cooling is energized, and at night 
the fan cycles in unoccupied mode, as expected.   

Figure 16: Derived AHU kW and Logged Outside Air Temperature 
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Figure 17: AHU Night Cycling 

To extrapolate the logged data for RTU-1 to the reference year, regression models were developed for kW 
as a function of outdoor air temperature.  The two regressions shown in Figure 18 combine to form the 
average daytime operating profile as a function of outdoor temperature.  As the data reflects, below an 
outdoor temperature of roughly 64°F the DX cooling does not energize.  Figure 19 shows the average 
nighttime operating profile where it is apparent that fan cycling diminishes as night time temperature 
drops.

Figure 18: Relationship between Daytime RTU-1 kW and Outdoor Temperature 
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Figure 19: Relationship between Installed Nightime RTU-1 kW and Outdoor Temperature 

For the installed case the RTU was assumed to operate in the daytime according to the profile of Figure
18 and at night according to the profile of Figure 19.  For the pre-retrofit case the RTU was assumed to 
operate every hour of the year according to the daytime profile of Figure 18.  Savings was then calculated 
for RTU-1 as the difference between the resulting pre-retrofit profile and installed case profile.  Savings 
for all RTUs affected by this measure were then found by dividing the savings for RTU-1 by 65%, which, 
based on Table 6, was taken to be RTU-1’s average contribution to the whole as measured by its relative 
fan motor size and cooling capacity 

Pre-Retrofit Case Verification 
Compressor, condenser, and RTU specifications provided by the TA were found to match what evaluators 
found in the field.   

Anti-sweat heater controls were assumed to have been implemented in the same manner as the anti-sweat 
heater controls that were installed in another store belonging to the same chain, using the same EMS by 
the same installer as for the subject store. The full-load kW of the heaters at the evaluated store was taken 
from the TA report. 

Evaluators assumed that the average difference between the old and new evaporator fan motors was the 
same as that found at another store belonging to the same chain in which the same TA and contractor 
performed the same retrofit.  A detailed listing of the nine makes and fifteen models of the old and new 
motors at the other store provided evaluators with a means for estimating the actual average demand 
savings per fan at the other store. Evaluators took this to be better than the value derived by the TA in the 
tracking analysis for this store, in which demand savings were assumed to be fixed (29%) based on a 
rough count of only two types of motors.  On the other hand, the COPs used by the TA to account for 
indirect savings in the low and medium temperature cases were practically identical to those found in 
other sections of this evaluation.  

Evaluators were unable to confirm pre-retrofit operating hours or control sequences for any of the 
equipment. 
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Key Savings Calculation Inputs 
� Compressor Rack, Condenser Fan, Anti-Sweat Heater, RTU kW 

� Indoor Air Temperature & Relative Humidity 

� Outdoor Air Dry Bulb and Wet Bulb Temperatures 

� Saturated Condenser Temperature 

� Saturated Suction Temperature  

� Compressor Manufacturers’ Performance Data 

Evaluation Data Collection 
Data was collected to confirm the installation of the process changes made under the program and any 
additional changes made since installation. Nameplate data was obtained on the refrigeration equipment. 
Amperage was logged on one of the two compressor racks and its respective condensing unit. Anti-sweat 
heaters were not logged. Indoor and outdoor temperatures were also logged.  Additional trends of 
refrigeration temperatures and pressures, compressor and condenser fan status, and indoor and outdoor 
temperatures were obtained from the controls contractor.  Hourly dry bulb and wet bulb outside air 
temperatures were obtained from two local weather stations for a time period coincident with the data 
collected from the EMS. One-time measurements of amps and volts were taken to corroborate 
corresponding readings from the controls system and loggers.  Facility staff was interviewed to determine 
if current loads and control settings are typical or if seasonal changes are made.  Details about the 
equipment used for logging are given in Table 7.
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Table 7: Logging Equipment 

Equipment/ 
Parameter 
Metered

Compressors, Condenser Fans Compressors, Condenser Fans 

Measurement 
Variable(s) 

compressor, condenser fan (amps), indoor 
and outdoor drybulb temperature (°F) 

compressor and condenser fan status 
(on/off), refrigeration suction and 
condensing pressures (psig) and 

temperatures (°F), indoor space drybulb 
and dewpoint temperature (°F) and 

humidity (%RH), outdoor temperature 
(°F) 

Measurement 
Equipment 

Dent ELITEpro (compressors), Pace 
Pocket Logger (condenser fans and 
lighting), Onset Hobo (temperature) 

Store control system 

Type of 
Measurement 
Equipment 

True RMS power logger, CT logger, RTD Store control system 

Installation of 
Monitoring 
Equipment 

clamp-on CTs  N/A 

Frequency of 
Observations 

15 minutes 1 hour 

Duration of 
Metering 

7 weeks 1 week 

Metered by SBW/Rise Store control system 

Results
Evaluated annual energy savings of 224,597 kWh are 83.1% of the tracking estimate of 270,428 kWh, as 
shown in Table 8. The tracking estimate of savings is based on the implementation of five energy 
conservation measures and Table 9 shows the differences between tracking and evaluation savings 
estimates for each measure. 

Table 8: Overall Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of 
Tracking 

Annual Energy, kWh 270,428 224,597 83.1% 
Percent Energy On-peak 40% 44% 110% 
Summer On-Peak kW 32.9 16.0 48.5% 
Winter On-Peak kW 39.7 30.1 76.0% 
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Table 9: Comparison of  of ECM Tracking and Evaluation Savings Estimates 

ECM 1 & 2 ECM 3 ECM 4 ECM 5 
Floating Head and 
Suction Pressure 

Optimization 

Anti-Sweat 
Heater

Controls 

Evaporator Fan 
Motor 

Replacements 

HVAC
On/Off

Scheduling Total 
Tracking Estimates    

Annual kWh Savings  81,787 8,374 136,373 43,894 270,428 
% Savings On-Peak  48% 48% 48% 0.0% 40% 

Summer On-Peak kW  2.6 0 12.6 17.7 32.9 
Winter On-Peak kW  13.9 2.1 12.6 11 39.7 

Evaluation Estimates    
Annual kWh Savings  76,047 11,088 114,248 23,214 209,745 

% Savings On-Peak  44% 46.2% 46.4% 28% 43%
Summer On-Peak kW  2.5 0.4 13 0.0 13.7 

Winter On-Peak kW  11.2 2.1 13 3.8 29.6 

Evaluated savings for ECM 1 and ECM 2 amount to 76,047 kWh, which is 93% of what the TA projected 
(81,787 kWh).   Despite the apparent increases in suction temperature and decreases in condensing 
temperature as depicted in Figure 13 and Figure 14, savings for these measures were below expectations 
due primarily to lower-than-expected loads. While the TA assumed an average diversity factor of 70%, 
evaluators found instead that the average load was only 57% of the design load, or about 81% of what the 
TA expected.  Savings were also below expectations since the suction pressure for Rack B, which is 
designed to carry 60% of the store’s overall design load, appeared not to change from the pre-retrofit 
conditions. Moreover, evaluators estimated the minimum pre-retrofit condensing temperature of Rack B 
appeared to be lower than what the TA assumed. 

Savings for ECM 3(anti-condensate heaters) are 11,088 kWh, which is about 32% higher than expected. 
This discrepancy can be attributed to the evaluators’ calculations for space dewpoint being higher than 
predicted by the TA. 

Savings for ECM 4 (EC motors on evaporator fans) are 114,248 kWh, or about 84% of expected, which is 
precisely the ratio of the TA’s estimate of average demand savings per unit (50.5 kW/fan) and the 
evaluators’ estimate (42.2 kW/fan). These results are based on results obtained from another store of the 
same chain in which the same TA and contractor replaced evaporator fans in essentially the same manner. 

Savings for ECM 5 (HVAC on/off scheduling) is calculated to be 23,214 kWh, or roughly 53% of what 
the TA expected.  This result seems low given that, unlike the TA, who assumed that the impact of the 
DX compressors could be neglected, evaluators assumed that the DX compressors should be taken into 
account.  Specifically, evaluators assumed that the compressors would operate during unoccupied mode 
in the pre-retrofit case whenever the outdoor temperature exceeded 64°F, as reflected in Figure 18, but
would never operate during unoccupied mode in the installed case since the cooling setpoint is now being 
reset. Figure 19 shows that this latter assumption is not unreasonable since the compressors never 
energized at night during the logging period even though the nighttime outside air temperature reached 
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temperatures that would have triggered the DX during occupied mode.  Figure 18, which depicts how 
RTU-1 is assumed to operate under pre-retrofit conditions, shows that the compressors do not energize 
below ~64°F. Above 64°F they ramp up gradually (on average), effectively doubling the RTU’s overall 
kW when the outside air temperature reaches about 85°F.  That being said, the TMY night time 
temperature profile shows that the outside air temperature during the unoccupied period rises above 64°F 
only 12% of the time, above 70°F only 4% of the time, and above 80°F only two hours out of the year.  If 
the impact of the compressors were ignored altogether, evaluated savings would only drop slightly, to 
51% of the TA’s estimate.  The primary factor in the savings discrepancy for this measure is that the fan’s 
unoccupied duty cycle was observed to be much higher than the TA expected. While the TA expected the 
fan would run only 25% of the unoccupied period on average, evaluators calculated it to operate almost 
60% of the time.   
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APPENDIX
ECM #1 and #2 Floating Head and Suction Pressure 

Figure 20: Logged Outdoor Temperature, Rack A Compressor kW and Condenser A Fan kW 

Installed Case Derived kW Trends 

Lacking actual data trends from the Rack B compressors and condenser fans, evaluators derived the kW 
trends for Rack B’s compressors and condenser fans as follows: 

1. Compressor Suction Group EER - Calculate the EER trends for each suction group by applying 
the respective EER regression equations to the trended values of suction and condensing 
temperatures.  

2. Rack A Compressor Load – Calculate the design cooling capacity profiles for compressor groups 
AL and AR according to the on/off status profiles of their respective compressors. Knowing the 
EER profiles for groups AL and AR, the overall kW profile for Rack A, and assuming that the 
ratio of AL’s cooling load to AR’s cooling load equals the ratio of AL’s coincident design 
capacity to AR’s coincident design capacity, back calculate the cooling load profile for suction 
group AR from Rack A’s kW trend.  Divide the resulting load profile by AR’s EER profile to 
calculate AR’s kW profile.  Assuming AL’s kW profile as the difference between Rack A’s kW 
profile and AR’s kW profile, calculate AL’s load profile by multiplying its kW profile by its EER 
profile. Calculate the respective part load profiles for AL and AR by dividing their respective 
load profiles by their respective design capacity profiles. Finally, calculate the average part load 
profile for Rack A as the average of the AL and AR part load profiles. 
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3. Rack B Compressor Load and kW Trend – Lacking data trends for Rack B, assume that the part 
load profile for Rack B is essentially the same as Rack A.  Calculate the cooling load profile for 
Rack B by multiplying the part load profile by the coincident design capacity profile for Rack B, 
where the design capacity profile depends on the on/off status of the respective group B 
compressors. Divide this cooling load profile by group B’s EER profile to establish Rack B’s 
compressor kW profile. 

4. Condenser A Load and Performance – Calculate Condenser A’s percent full load kW (%FL kW) 
by dividing its operating kW profile by its design full load kW. Obtain Condenser A’s design full 
load capacity (MBH - thousand BTU per hour) from manufacturer’s data assuming a design 
temperature difference of 20°F between the refrigerant and the outdoor air drybulb. Referring to 
this design temperature difference as the “design approach”, and assuming that the operating full 
load capacity of the condenser is proportional to the “actual approach”, derive the operating full 
load capacity profile by multiplying the actual approach by the ratio of the design full load 
capacity to the design approach. Assuming that Condenser A’s operating load (MBH) is the sum 
of Rack A’s compressor load (MBH) and kW (converted to MBH), calculate Condenser A’s 
percent full load capacity (% FL MBH) by dividing its operating load by its operating full load 
capacity. Finally, calculate Condenser A’s performance profile by dividing its percent full load 
kW by its percent full load capacity (%FL kW / %FL MBH). 

5. Condenser B Load and kW Trend – Lacking data trends for Condenser B, assume that Condenser 
B’s performance profile (%FL kW / %FL MBH) is the same as Condenser A’s. Obtain Condenser 
B’s design full load capacity (MBH) from manufacturer’s data assuming a design approach of 
20°F. Derive Condenser B’s operating full load capacity profile by multiplying the actual 
approach by the ratio of the design full load capacity to the design approach. Assuming that 
Condenser B’s operating load (MBH) is the sum of Rack B’s compressor load (MBH) and kW 
(converted to MBH), calculate Condenser B’s percent full load capacity (%FL MBH) by dividing 
its operating load by its design full load capacity. Calculate Condenser B’s operating %FL kW 
trend by multiplying its %FL MBH by its performance profile. Finally, calculate Condenser B’s 
operating kW profile by multiplying its %FL kW profile by its design full load kW. 

Installed Case TMY Extrapolations 

To extrapolate the kW trends depicted in Figure 7 to the reference year, the evaluators developed and 
applied several regression models based on the available short term trends.  The models fell into the 
following five categories: 

1. Total Compressor Load - Recognizing the close correlation between compressor kW and indoor 
air temperature evident in Figure 21, below, a regression model was generated for the overall 
compressor cooling load as a function of indoor air temperature. This model is depicted above in 
Figure 8 
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Figure 21: Rack A Compressor kW and Indoor Air Temperature 

2. Indoor Drybulb Temperature – Indoor drybulb temperature tends to rise and fall in direct 
proportion with outside air temperature, as modeled in Figure 9. At the same time, a close look at 
both Figure 9 and Figure 21 reveals that indoor temperature tends to be controlled so as to not to 
drop below 68°F and or rise above 73°F.   

3. Compressor Suction Temperatures – Regression models were developed for compressor suction 
pressure as a function of outdoor temperature for each of the suction groups AL, AR, and B.  The 
results are shown in Figure 10.

4. Condenser Approach to Drybulb - Regression models were developed for the condenser approach 
to drybulb as a function of outdoor temperature for Rack A and Rack B in the installed case.  For 
the pre-retrofit case the approach models were assumed to be the same as for the installed case 
except shifted right by an amount equal to the difference in the TA’s assumed pre-retrofit 
minimum condensing  temperature and the calculated installed minimum approach temperature. 
The results are shown in Figure 11.

5. Condenser Performance – From the nameplate shown in Figure 22, which is found on both 
condensing units, indicates a Hussman model LEVA26310K. This unit features 6 pairs of fans 
operating in six fixed-speed stages. The motors are three-phase and rated at 230V, 4.4 FLA. 
Based on power factor measurements taken on-site, full load demand is assumed to be 14.0 kW.   
The %FL kW trend was calculated by dividing the logged kW trend by 14.0 kW.  
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Figure 22: Rack A and Rack B Remote Air-Cooled Condensing Unit Nameplate 

Manufacturer’s data indicates this unit has a design capacity of 1440 MBH when operating with 
R404a at a temperature difference (approach) of 20°F.  The approach-to-drybulb was calculated 
for each timestamp by applying the logged outside air temperature to the regression models of 
Figure 11. The full load MBH trend was then estimated by multiplying design capacity by the 
modeled approach to drybulb temperature and dividing by 20.  The %FL MBH trend was then 
calculated by dividing the calculated full load MBH trend into the calculated load trend (the 
derivation of load will be discussed below).  As shown in Figure 12, the %FL MBH trend is only 
slightly lower than the %FL kW trend, revealing little degradation in the condenser’s 
performance since the time of its manufacture in September, 2004. Condenser performance was 
assumed to follow the regression model shown in Figure 12, where the ratio of percent full load 
kW (%FL kW) to percent full load MBH (%FL MBH) is proportional to outside air temperature.  
This performance model was assumed to apply equally to the condensing unit serving Rack B.  

The regression models derived above were used to extrapolate the installed case kW and MBH trends 
depicted in Figure 7 to an 8760 hour Worcester TMY year. The installed case extrapolation took the 
following sequence of steps. 
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1. Indoor temperature was calculated by applying TMY outdoor drybulb temperature to the model 
shown in Figure 9and constrained between 68°F and 73°F.

2. Overall refrigeration load was calculated by applying calculated indoor temperature to the model 
shown in Figure 8. This load was assumed to be distributed across the three compressor groups 
according the fraction of the overall load each is designed to carry:  18.8% for AL, 21.1% for AR, 
and 60.1% for B. 

3. Condenser A and B approach temperatures were calculated by applying TMY outdoor drybulb to 
the models shown in Figure 11.

4. Rack A and Rack B condensing temperatures were calculated by adding the TMY outdoor 
drybulb temperature to the respective condenser approach temperature. 

5. Suction temperature for each of the three compressor groups was calculated by applying the TMY 
outdoor drybulb to the respective models shown in Figure 10.

6. EER for each of the three compressor groups was calculated by applying condenser and suction 
temperature to the respective EER regression model for the compressor group derived from 
manufacturer’s data. 

7. kW for each of the three compressor groups was calculated by multiplying the  respective EER 
found in Step 6 by the respective load found in Step 2. 

8. Condenser A and Condenser B loads were calculated by adding the respective refrigeration load 
to the respective compressor kW. 

9. Condenser A and Condenser B full loads were calculated by multiplying the respective design 
full load at 20°F approach by the respective approach temperature found in Step 3 and dividing 
by 20. 

10. Condenser A and Condenser B %FL MBH values were calculated as the ratio of the respective 
load calculated in Step 8 to the full load calculated in Step 9. 

11. Condenser A and Condenser B kW was calculated by applying the respective %FL MBH 
calculated in Step 10 to the regression model shown in Figure 12.

12. Total kW for the installed case refrigeration system was calculated as the sum of the compressor 
kW found in Step 7 and the condenser fan kW found in Step 11. 
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Application EI 945474: VFDs on Compressors and Ice 
Temperature Controls 

Summary 

This application saves 50% of the energy originally estimated in the tracking analysis.  The 
primary reason for the decrease in savings is the pre-retrofit case assumptions. The tracking 
analyst claimed savings from automatically resetting ice temperature (or return glycol 
temperature) during unoccupied hours, but the evaluation found that temperature reset was 
already taking place manually in the pre-retrofit case.  Results are presented in Table 1 below. 

A 50,000 ft2 ice arena retrofitted four refrigeration compressors with variable frequency drives 
and installed a control system to automatically set the ice temperature based on time of day 
and/or outside air conditions.  Savings are not claimed in the evaluation for ice temperature 
control, because in the pre-retrofit case the ice temperature was manually controlled to the 
same setpoints as the automated temperature reset controls.  Installation of the variable 
frequency drives results in energy savings due to the improved compressor performance. 

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking Value 
Evaluation 

Value 
Evaluation 
÷ Tracking 

Annual Energy (kWh) 186,168 kWh 99,693 kWh 54% 

% Energy Savings On-Peak 50.0% 50.0% 100% 

Summer Peak Diversified kW (FCM) 40.52 kW 14.82 kW 37% 

Winter Peak Diversified kW (FCM) 40.52 kW 15.67 kW 39% 

Project Description 

This ice rink has two ice sheets, one indoor ‘street’ hockey rink, and one outdoor street hockey 
rink. During the winter, the rink is in use 7AM to midnight on weekends and 3PM to midnight 
during the week. In the summer, it is closed on the weekends and runs during the day Monday 
through Thursday, as well as some Fridays.  

The existing refrigeration system at the arena consists of an indirect R-22 / glycol loop that 
chills the sand bed under the ice surface. The glycol is cooled by four on/off (no stages of 
unloading) compressors.  

Table 2:  Compressor Data 

Tag Model # Motor Hp Refrigerant 

1 Carlyle 5H126-179-2 150 R-22 

2 Carlyle 5H128-M219 150 R-22 

3 Carlyle 5H126-179-2 150 R-502 

4 Carlyle 5MH126-434 150 R-22 

 

The site has three glycol circulation pumps, but only a single pump is required to run. The 
operating pump is drive by a two speed motor and is required to run continuously because the 
compressors are controlled off of the return glycol temperature. 

Heat rejection is provided by two cooling towers. The towers are set to maintain 75°F discharge 
water, as this water is used for ice resurfacing. Water always runs through each of the two 
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cooling towers. The fan on one tower is enabled year-round, and the fan on the second tower is 
enabled in the summer. A 10-hp condenser water pump, which circulates water from an indoor 
sump to the condenser and towers, pumps water through all of the condenser barrels 
continuously regardless of how many compressors are operating. Condenser water drains back 
from the tower to the sump. 

The ice is resurfaced about 130 times each week, and about 130 gallons of water are used in 
each resurfacing. City water is heated by condenser water prior to being used for resurfacing. 

A desiccant dehumidification unit runs to keep the facility at approximately 70% humidity. 
There is an electric water heater in each locker room for showers. The low-e ceiling has been in 
place 15 to 20 years and appears to be in good condition. 

Ice temperature is not directly monitored or controlled. It is indirectly controlled by the return 
glycol temperature setpoint. Glycol or ice temperature reset will be used interchangeably in this 
report. 

The evaluator found that in the pre-retrofit case the site manually resets the return glycol  
temperature on a daily basis according to the following schedule.  During ‘occupied’ hours a  
glycol temperature of 17°F is maintained. During ‘unoccupied’ hours a glycol temperature of 
20°F is maintained. The tracking analyst had assumed that a constant glycol setpoint of 17°F 
was being maintained during occupied and unoccupied hours in the pre-retrofit case. A detailed 
description of the evaluated pre-retrofit case is presented in the Evaluation Methodology section 
of this report. The evaluation findings of pre-retrofit ice temperature control result in lower pre-
retrofit energy than determined in the tracking study. 

The measure supported by this application included the installation of a variable frequency 
drives (VFDs) on the four compressors and a new control system to allow for programming of 
the return glycol temperature setpoint based on time of day. The controls for automatic 
temperature setback were in place during the evaluator’s site visits, but the programming was 
not complete so automatic scheduling of the glycol temperature was not occurring. However, 
the tracking analysis description of the rink’s pre-retrofit operation did not match the evaluation 
findings. It is expected that when the controls work is completed the programmed reset 
schedule will match the current manual reset schedule and therefore the evaluator does not 
expect savings to occur when the controls work is completed. 

Savings from the VFDs occurred due to improved compressor performance at reduced speeds. 
A reduction in compressor demand results in less heat rejection load on the cooling towers; 
therefore tower fan savings exist as well. 

Tracking Analysis 

This section describes the methodologies employed in the original energy study, discusses 
aspects of the methodology that had significant impacts on final energy savings estimates, and 
describes the tracking calculation methodologies. 

Tracking Calculation Methodology 

The tracking analyst metered two of the four compressors to determine pre-retrofit demand. 
Compressor 2 was spot metered for 25 minutes at 1 second intervals and compressor 3 was 
spot metered for 45 minutes at 3 second intervals. 
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Pre-Retrofit 

The tracking analyst has assumed that compressor 1 demand is equivalent to compressor 2 and 
compressor 4 demand is equivalent to compressor 3. The values used for each compressor 
demand are presented below. 

Table 3:  Pre-Retrofit Compressor Demand 
Compressor Demand 

1 77.9 kW 

2 77.9 kW 

3 74 kW 

4 74 kW 

The tracking analyst has provided operating hours for each compressor, but the source of the 
hours is not provided. 

Table 4:  Pre-Retrofit Compressor Operating Hours 
Compressor Annual Operating Hours 

1 3,874 

2 6,848 

3 1,493 

4 751 

 

It appears that the compressors do not include any stages of unloading; therefore the TA study 
assumed that each unit will operate at the spot metered demand for all operating hours. The 
pre-retrofit energy use for each compressor is calculated by: 

Compressor Energy, kWh = Compressor Demand, kW * Annual Operating Hours, hrs 

Proposed Case 

The tracking analyst has assumed that the ice temperature will be reset in the proposed case 
for a majority of weekday hours and early morning/late evenings on weekends as shown below. 

Table 5: Proposed Case Ice Temperature Reset Hours 
Ice 

Temperature 
Weekday Hours Weekend Hours Total Hours Per Week 

20°F (17°F 

glycol temp) 
4pm-8pm (4 hrs) 6am-8pm (14 hrs) 48 hours (28.5%) 

Reset (exact 

temperature 

schedule is not 
provided) 

12am-4pm & 8pm-12am 

(20 hrs) 

12am-6am & 8pm-12am 

(10 hrs) 
120 hours (71.5%) 

 

The annual hours that each compressor will operate at each ice temperature mode is calculated 
by the equations below, which are based on a weekly breakdown not an annual calculation of 
ice temperature reset hours: 

Compressor Annual Hours @Full load (20°F Ice Temp) = Pre-Retrofit Compressor Hours *28.5% 

Compressor Annual Hours @Part Load (Ice Temp Reset) = Pre-Retrofit Compressor Hours * 71.5% 

It was assumed that the compressor demand would be reduced by 26% when the ice 
temperature was reset. It is unclear what the basis of the 26% reduction is. The measure 
includes installation of variable speed drives on the compressors, but it is not clear how the 
drives will be controlled and therefore results in reduced input power. A summary of the 
proposed compressor demand and operating hours is below. The total compressor operating 
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hours (occupied/no reset hours plus unoccupied/reset hours ) do not change from the pre-
retrofit case. 

Table 6: Proposed Case Compressor Demand and Operating Hours 
Compressor 20°F Ice Temp Reset Ice Temp 

# kW Hours kW Hours 

1 77.9 kW 1,107 57.7 2,767 

2 77.9 kW 1,956 57.7 4,891 

3 74 kW 427 54.9 1,067 

4 74 kW 215 54.9 536 

Annual proposed case energy is the sum of the two time periods.  

Savings 

Annual savings are the difference between the proposed energy and base energy. 

The tracking analyst has not calculated savings associated with a reduction in load on the 
condenser water loop. A reduction in ice load and compressor heat of rejection will reduce the 
cooling tower load and save fan energy. The condenser water pumps are not impacted because 
they run continuously regardless of compressor operation at constant flow. 

The calculation of percent on-peak energy savings are not explicitly shown in the tracking 
calculations, but it appears that value in the screening tool, 50%, is obtained by the following 
equation: 

% On-Peak kWh = Reset Ice Temp Hours during On-Peak Periods / Total Reset Hours 

The glycol temperature reset hours that occur during on-peak periods are 6am-4pm and 8pm to 
10pm, which is 12 hours per day or 60 hours per week. The total reset time is 120 hours per 
week; therefore the percent on-peak savings is 50%. 

A peak demand reduction of 40.52 kW is listed in the screening tool,  which is the sum of the 
demand reduction for compressors 1 and 2. It is assumed that compressor 1 and 2 run 
continuously during the summer peak periods.. The table below lists the assumed compressor 
demand reduction.  Based on the assumed reset schedule in Table 5 there should be a summer 
peak demand reduction, but not a winter peak demand reduction. 

Table 7: Compressor Demand Savings 
 Compressor Demand 

1 20.3 kW 

2 20.3 kW 

3 19.3 kW 

4 19.3 kW 

 

Evaluation Methodology 

Pre-Retrofit Case 

The site reports that manual reset of the glycol temperature setpoint is typical. A digital 
temperature display in the mechanical room provides the site with the ability to set the glycol 
temperature. According to the site, the temperature is manually adjusted twice daily according 
to Table 8. At ~3pm on weekdays the rink is set to occupied mode and the glycol temperature 
is set to 17°F. The rink typically shuts down at 11pm on weekdays at which time the glycol 
temperature is reset to 20F.  
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Table 8: Glycol (Ice) Temperature Reset 

Occupied Hours

Day of Time Period

Week Begin End

Mon - Thur 3pm 11pm

Fri 3pm 12am

Sat 6am 12am

Sun 6am 11pm  

The new controls will allow the site to program a time of day reset schedule to avoid manually 
changing the setpoints on a daily basis.  According to the site they expect to maintain the 
existing manual reset schedule moving forward when the controls are complete. 

The site’s description of the glycol reset schedule appears to be confirmed from the whole 
building interval data as well as the evaluation’s metered data. The whole building demand data 
shows a step increase in demand on a consistent basis at 3pm on weekdays and step decrease 
around 11pm. The step changes in building demand are due to a compressor staging on when 
switching from unoccupied to occupied and staging off when switching from occupied to 
unoccupied mode. Figure 1 shows a typical week of whole building demand data. The 
evaluation metered data (Figure 2), which occurred with manual glycol reset, showed a similar 
pattern in compressor staging and confirms the use of manual reset. 

Figure 1 Pre-Retrofit Whole Building Demand Tuesday 10/25/11 
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Figure 2 Installed Case Compressor Metering Tuesday 9/14/12 
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In summary, the evaluation pre-retrofit case is constant full speed operation of the compressors 
with manual glycol temperature reset. The manual reset schedule is assumed to be the same as 
the installed case. 

Overview of Savings Calculation Methodology 

Savings from the implementation of VFD compressor control result from improved compressor 
performance at reduced speeds. Manufacturer’s selection software was used to develop 
performance profiles at different compressor operating speeds. Figure 5 shows the relationship 
between compressor performance and compressor speed. The relationship between % of full 
load performance and percent speed shown in Figure 5 is independent of suction and discharge 
pressures.  

The following approach was used to identify savings from improved compressor performance. 

1. Installed Case Metering - Metered demand of the three operating compressors for 
~1 month 

2. Refrigeration Load - Calculated the rink refrigeration load during the metering  period 

a. Refrigeration Load = Metered kW ÷ Manufacturer’s kW/ton at calculated 
compressor speed 

b. The measure did not impact the rink refrigeration load, so the installed case load 
is equal to the pre-retrofit load 

3. Pre-Retrofit Demand - Calculated pre-retrofit compressor demand during the metering 
period 

a. Pre-Retrofit kW = Refrigeration Load, tons * Manufacturer’s kW/ton at full speed 

4. Annual Savings - The metering period was extrapolated to annual rink operation to 
calculate annual installed and pre-retrofit energy use using a year of whole building 
interval data. 

A detailed description of each step is presented below. 
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Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 

Table 9: Summary of Evaluation Metering and Trend Data 

 Compressors 1, 2, & 4 
Whole Building 

Demand Data 

Parameter kW Building kW 

Meter Type Dent Power Meter PA Electric Meter 

Sensors Current Transducers NA 

Installation Temporary Permanent 

Observation 
Frequency 

5-minute average 15-minute average 

Metering 
Duration 

29 days 
9/13/12-10/12/12 

2 years 

Pre-Retrofit 
or Installed 

Installed 
Pre-Retrofit and 

Installed 

Metered by Evaluator PA 

Evaluation Savings Analysis 

Installed Case Metering 

The site operates three of their four compressors, compressors 1, 2 and 4. As indicated in the 
metering summary table the three compressors were metered for 29 days in five minute 
intervals.  

Refrigeration Load 

Refrigeration load was calculated for each metered data point using the metered kW and 
manufacturer’s kW/ton. Details on this calculation procedure are below. The refrigeration load 
for each compressor was calculated separately and then summed to find the total rink load. 

Full Load Compressor Performance and Demand 

Carlyle’s Carwin compressor selection software was used to identify the compressor 
performance at different operating conditions. Compressor performance is dependent upon 
compressor speed, the saturated suction temperature (SST) and saturated discharge 
temperature (SDT). Figure 3 shows the variation in compressor demand and performance with 
SST and SDT.  A compressor motor efficiency of 94% was assumed.  
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Figure 3 Full Speed Compressor Demand at Different Suction and Discharge Temperatures 

Compressor Demand

1,760 rpm (100% speed)

bhp kW sst sdt

99.6 79.1 0 80

105.1 83.4 0 95

104.3 82.7 5 80

111.2 88.3 5 95

108.3 85.9 10 80

116.9 92.8 10 95

111.7 88.7 15 80

122.0 96.8 15 95            

Compressor Performance

1,760 rpm (100% speed)

EER kW/ton sst sdt

10.95 1.10 0 80

8.94 1.34 0 95

11.99 1.00 5 80

9.74 1.23 5 95

13.14 0.91 10 80

10.61 1.13 10 95

14.42 0.83 15 80

11.55 1.04 15 95  

Similar tables were developed for 80%, 60% and 51% compressor speed. According to 
manufacturer’s data 50% speed is the minimum operating speed and the software does not 
provide performance below 51% speed. 

Suction and Discharge Temperature 

In order to calculate the appropriate compressor performance the compressor suction and 
discharge temperature needed to be estimated. 

The SST and SDT were estimated based on information provided by the site’s refrigeration 
contractor. The refrigeration system does not monitor the refrigerant temperature/pressure and 
does not include pressure gauges, so the evaluator could not observe the suction and discharge 
values while on-site. 

According the refrigeration contractor, the suction ranges from 30-45 psi, so an average gauge 
pressure of 37.5 psi is used in the analysis which corresponds to a temperature of 14°F.  

During the evaluation site visits the condenser water temperature control was observed.  The 
cooling tower fans are staged to maintain a constant water temperature setpoint in the indoor 
sump of 75°F. The refrigeration contractor reports that the cooling tower bypass valve is not 
operational, so the condenser water temperature drops below the setpoint and varies with 
outdoor air conditions during the winter. 

The evaluation assumes that above 70°F outdoor air wetbulb temperature a discharge 
temperature of 95°F is maintained. The temperature is assumed to vary linearly with outdoor 
air wetbulb temperature down to the 70°F at 30°F outdoor air wetbulb temperature. 

The suction and discharge temperatures were used to calculate compressor demand at 100%, 
80%, 60% and 51% speed. 

VFD Speed 

The drive speed is calculated for each data point based on the metered power. Manufacturer’s 
performance data was used to develop the relationship between compressor speed and input 
power a shown in Figure 4. The relationship between % compressor speed and % of full speed 
power is independent of suction and discharge pressure. 
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Figure 4 Variation of Compressor Speed with Input Power 

 

Percent of compressor full load input power is calculated using the equation: 

% of Full Speed Power = Metered kW / Compressor Full Speed kW based on SST and SDT 

Compressor Speed is calculated as shown in Figure 4. 

% Speed = 0.8526*%Power + 0.1481 

For example the first metered data point for compressor 1 was 58.4 kW. The suction and 
discharge temperatures were 14°F and 93°F respectively resulting in a demand of 95 kW at full 
speed. The percent of full speed power would be 61% (58.4 kW / 95 kW). The calculated 
compressor speed is 67% per Figure 4. 

Compressor Performance 

When the compressor operating speed and full load performance are known, the actual 
compressor performance can be determined. Manufacturer’s data indicates the relationship 
between compressor performance and speed shown in Figure 5. The relationship between % of 
full speed kW/ton and % speed is independent of suction and discharge pressure. The curve fit 
of the data in Figure 5 is used to calculate percent of full load performance for each data point. 
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Figure 5 Improvement in Performance with Compressor Speed Reduction 

 

The installed case performance for each compressor is calculated by: 

kW/ton at operating conditions = Full Speed kW/ton based on SST and SDT * % of Full Load kW/ton 

Continuing with the example data point for compressor 1 at an operating speed of 67% the 
compressor will result in 90% of the full speed performance (or an improvement in performance 
of 10%). The full speed performance is 1.02 kW; therefore the actual performance is 
0.91 kW/ton. 

Refrigeration Load 

The refrigeration load handled by each compressor is calculated by: 

Compressor Load, tons = Metered Power, kW / Calculated Performance, kW/ton 

Total Load, tons = Sum of Compressor Load, tons 

The refrigeration load for compressor 1 would be 64 tons (58.4 kW / 0.91 kW/ton). At that 
point in time all three compressors were operating for a total load of 204 tons. 

Pre-Retrofit Demand 

This measure did not impact the rink refrigeration load, therefore the calculated load as 
described above is both the pre-retrofit and installed case load. Total pre-retrofit compressor 
demand is calculated using full load performance according to manufacturer’s data and the 
calculated total rink refrigeration load. The same suction and discharge temperatures are 
assumed in the pre-retrofit and installed cases. 

Pre-Retrofit Compressor Demand, kW = Total Load, tons * Full Load Performance, kW/ton 

The pre-retrofit demand for the first metered point data point was 207.1 kW (204 tons * 
1.02 kW/ton). This procedure was repeated for all of the metered data points. 

Annual Savings 

An 8,760 hourly model was used to calculate annual energy savings. The installed case metered 
demand and the calculated pre-retrofit demand for the metering period were extrapolated to 
the hourly model. 
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The 8,760 hour model is based on a full calendar year of the installed case, 10/25/11 to 
10/24/12. The local utility provided 15-minute whole building interval data for this time period. 
The whole building data was reduced to hourly average values to fit into the hourly analysis. 

Installed case compressor demand for each hour was calculated using the relationship between 
metered compressor demand and corresponding whole building demand as shown in Figure 6. 
Compressor demand is ~2/3 of the whole building demand and therefore the compressor and 
building demand track each other. The curve fit of the metering period data in Figure 6 was 
used to calculate the installed compressor demand in the hourly model. 

Figure 6 Installed Case Metered Compressor Demand vs. Whole Building Demand 
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A comparison of the pre-retrofit and installed compressor demand from the metering period 
calculations (as described above) is shown in Figure 7. As expected from Figure 5 (% kW/ton 
vs. % Speed) the installed and pre-retrofit track one another. The second order curve fit is used 
to calculate the pre-retrofit demand in the hourly model. 

Figure 7 Calculated Pre-Retrofit Demand vs. Installed Case Metered Demand 
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The demand savings in the hourly model is the difference between the pre-retrofit and installed 
compressor values. Annual energy savings is the sum of the hourly demand savings. 

In addition to compressor savings this measure results in cooling tower fan savings. The load 
on the cooling towers is less in the installed case due to lower heat of compression. The heat of 
compression savings for each hour is calculated by. 

Load Reduction, tons = Compressor Demand Reduction, kW * 3,412 Btu/hr / watts ÷ 12,000 Btu/hr  / ton 

Cooling tower performance is estimated to vary linearly with outside air temperature from 
0.1 kW/ton at 95°F to 0.03 kW/ton at 55°F. Below 55°F it assumed that the tower fans are not 
required to run to meet the condenser water temperature setpoint. These values are estimated 
based on past ice rink analysis because cooling tower savings are less than 1% of the 
compressor savings. 

Cooling tower fan demand savings for each hour is calculated by. 

Tower Fan Savings, kW = Load Reduction, tons * Tower Performance, kW/ton 

Filters for the on-peak, summer peak and winter peak periods are applies to the hourly model 
to calculate the pre-retrofit and installed values for each time period. The savings are time of 
day dependent. There are greater savings during occupied hours due to increase loads than 
unoccupied periods. However there are savings during all hours of the day. Only half of the 
savings occur during peak hours due to the long occupied hours on the weekends. 

Table 11 Peak Savings 

Period Pre-Retrofit Installed Savings % Savings

On-Peak, kWh 448,373 399,490 48,883 11%

Summer, kW 134 119 14.54 11%

Winter, kW 145 129 15.65 11%  

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and 
evaluation analysis.  Reasons for discrepancies are presented as well as their qualitative impacts 
on final project energy savings realization.  Figure provides a comparison of the compressor 
operation during occupied hours and Figure 8 provide a comparison of unoccupied hours. The 
hours in this table is the assumed annual hours in each operating mode. 

Table 12 TA and Evaluation Summary – Occupied Hours  

Occupied

Parameter TA Eval Eval / TA

Base kW 114.7 133.9 117%

Prop  kW 114.7 119.5 104%

Saved kW 0.0 14.4 -

Hours 2,496 3,960 159%

Saved kWh 0 57,080 -  

The evaluation determined that the installation of VFDs on the compressors improved 
performance and therefore resulted in energy savings during occupied (non-setback) hours. 
The tracking analysis assumed that savings would only occur during unoccupied or setback 
hours. Approximately 55% of the evaluated energy savings occur during occupied hours. 
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Table 13 TA and Evaluation Summary – Unoccupied Hours 

Unoccupied

Parameter TA Eval Eval / TA

Base kW 114.7 78.5 68%

Prop  kW 84.9 69.8 82%

Saved kW 29.8 8.7 29%

Hours 6,240 4,800 77%

Saved kWh 186,067 41,726 22%  

The evaluation found a lower than predicted pre-retrofit demand during unoccupied hours. The 
tracking analysis assumed that the average pre-retrofit demand or compressor cycle time was 
constant regardless of the time of day, while the evaluation found that the compressors cycle 
more often during unoccupied times due to lower refrigeration loads. The lower loads are due 
to reduced occupancy, limited re-surfacing and setback of glycol return temperature (or ice 
temperature). 

Both the tracking and evaluation installed case unoccupied demand values include VFD control 
of the compressors and glycol temperature setback. The lower than predicted installed case 
demand also appears to be due to lower than predicted loads  

The evaluation found a lower than predicted demand reduction during unoccupied hours. The 
tracking analysis claimed savings for glycol temperature setback while the evaluation has not. 
Evaluation savings are claimed for improved compressor performance due to VFD control, which 
does not appear to have been taken into account by the tracking study. 

The tracking analysis overestimate the number of setback hours by assuming that the rink 
would switch to unoccupied mode at 8pm. Unoccupied mode begins at 11pm on weekdays and 
12am on weekends. Decreasing the number of unoccupied hours would decrease the tracking 
savings proportionally. 

Occupied versus Unoccupied Periods 

In the evaluation the compressor loads and demand differ from occupied to unoccupied periods 
due to glycol temperature setback, different rink use and the number of ice re-surfacings. The 
average demand reduction from occupied to unoccupied periods is ~45 kW or ~36%. The 
tracking analyst assumed that glycol setback would reduce compressor demand by ~30 kW or 
26%. With the available information it is not possible to determine what percentage of the 
evaluated demand change is due to temperature setback versus other factors and if the TA 
assumption of a 26% reduction would have been reasonable if setback was part of the 
measure. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 186,168 kWh.  The evaluation 
estimates annual energy savings to be 99,963 kWh, resulting in an annual energy savings 
realization ratio of 54%.  As discussed in the previous sections the decrease in savings is due to 
different pre-retrofit conditions. The tracking assumed that a constant ice temperature was 
maintained in the pre-retrofit case while the evaluation found that the ice temperature was 
manually reset on the same schedule as the installed case. 

The magnitude of the evaluation savings were confirmed by reviewing whole building interval 
data from the pre-retrofit (June 2010 to July 2011) and installed (2012).  Calculated savings 
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based on the whole building data are ~112,000 kWh. These calculations are intended only as a 
check for reasonableness; therefore some variation between this value and the evaluated 
compressor savings is expected. 

The percentage of savings occurring during energy peak periods estimated in the tracking 
analysis is 50.0% while the evaluation finds this value to be 50.0%, resulting a realization ratio 
of 100%. Difference calculation methods are used to determine the on-peak savings,  so the 
100% realization ratio is a coincidence. 

The summer demand peak reduction is estimated in the tracking analysis to be 40.52 kW.  The 
evaluation estimates the summer demand peak power reduction to be 14.82 kW, resulting in a 
realization ratio of 37%.  The winter demand peak reduction is estimated in the tracking 
analysis to be 40.52 kW, and the evaluation found this value to be 15.67 kW, resulting in a 
realization ratio of 39%. 

The lower than predicted demand reduction can be attributed to the different pre-retrofit 
scenarios (constant ice temperature versus ice temperature reset) in the tracking and 
evaluation studies. 
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SUMMARY 
This Design 2000 new construction project involved a major upgrade to the mechanical equipment 
serving an ice skating rink.  The measures being addressed in this study are: 

• Replacement of old chillers with new ones 

• Installation of variable frequency drives (VFDs) on the existing cooling tower fans 

• Implementation of condenser water (CW) temperature setpoint reset schedule 

Table 1 summarizes the savings estimate from the original tracking database and the evaluation findings.  
The difference between evaluation and tracking savings is primarily due to three factors that combine to 

yield a realization rate close to unity. A condenser water setpoint less than that used by the TA (75˚F vs 

80̊ F) was used to reflect actual operations for the baseline operating conditions and resulted in a 25% 

reduction from the Tracking estimate of savings. At the same time, schedules and ice temperature setpoint 
changes reflecting current operations increased the savings from the Tracking estimate by 20% and 7%, 
respectively, yielding a net increase of 2%.  

Table 1: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings 
Evaluated % of 

Tracking 

Annual Energy, kWh 191,595 195,568 102% 

Percent Energy On-peak 48% 55% 114% 

Summer On-Peak kW  14.7 20.1 137% 

Winter On-Peak kW  30.8 40.2 131% 

  



NGRID Project 909408                                                MA Custom Refrigeration, Motor and  Impact Evaluation 

2   

PROJECT DESCRIPTION 
This evaluation addresses the following measures: 

1. installation of new chillers to replace the old ones;  

2. installation of variable frequency drives (VFDs) on the associated cooling tower fans; 

3. implementation of condenser water (CW) temperature reset based on outside temperature 

The following description of the base case and installed case mechanical operating characteristics, as well 
as the operating schedule and temperature setpoints are taken from the TA report, on-site visit, and 
interviews with the operations manager. 

Facility Operation 
During the 2012-2013 year, the ice will be maintained from July 17, 2012 until April 12, 2013.  Outside 
of these dates, the rink chillers are non-operational.  The ice has three operating modes: university 
game/practice, other practice/rental, and covered/unoccupied.  The ice temperature is regulated by an 

embedded slab sensor with a setpoint of 12°F for the university team practices and games, 17°F for all 

other practices and rentals, and 19°F for all covered and unoccupied periods.  The rink schedule has some 

seasonal variability, with greater usage between October and early March.  During this period, there is on 
average one university hockey game per week with an assumed capacity crowd of 6,200 present for 3 
hours at each event and an event lighting load of 156 kW, which is why the ice temperature must be kept 
so low.  Rentals and non-university practices during peak months average about five hours per day with a 
50-kW lighting load, but can occur any time between 6 a.m. and 11 p.m. The time it takes for the ice 
temperature to change between use modes is long enough that each morning it is necessary to set it to the 
coldest required ice temperature for the day. When the coldest-ice event is over, the temperature is set up 
to the temperature required for the next-coldest event. Eventually, the ice is set for the 
covered/unoccupied mode overnight.  The 156-kW sports lights are off whenever the ice is unoccupied.   

Rentals and practices in the shoulder months are slightly less frequent, generally starting in the afternoon 
and ending in the early evening.  Every year in early January, a four-day figure skating competition takes 
place.  When the facility is being used for non-ice events, such as concerts, wrestling matches or 
basketball games, the ice is covered with an insulating material. Non-ice events occur on average once a 
week during the peak and shoulder seasons.   

During occupied times other than games or concerts, the rink space is maintained at 70°F by a heating, 
ventilation, and air conditioning (HVAC) system. During games and concerts, the temperature is reduced 
to 60°F. When the building is unoccupied, the heat is set back to 55°F and the cooling is either turned off 
or set back to about 90°F.  

Until 2011, the rink was cooled by refrigerant-filled pipes in a slab under the ice. Due to equipment 
failure, the slab cooling system was replaced with glycol-filled pipes. The glycol is cooled by chillers 
with heat rejection to a condenser water loop. The condenser water can dissipate its energy three different 
ways:  
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1. a warm-floor glycol loop that prevents the formation of permafrost under the insulated slab 
whenever the chillers are running; 

2.  a snow melting pit serving the resurfacing machines; 

3.  an induced-draft cooling tower located outside. 

The ice resurfacing machines use about 40 gallons of 110°F water for each resurfacing. Resurfacing 
occurs after each practice, after each 2 hours of rentals, and before each period of a hockey game.  Ice is 
maintained between ¾” and 1” thick. 

Base Case Equipment and Operation 

As the existing equipment was at the end of its useful life and was not a reasonable baseline for 
comparison to the new system, this project was treated as new construction, which triggered a baseline 
that adheres to National Grid’s minimum efficiency standard.  The base case chilling system considered 
for this measure consists of two 200-hp Mycom Recipro F8WB reciprocating compressors, each with a 
rated capacity of 97.5 tons of refrigeration and an efficiency of 1.41 kW/ton at 95°F condensing 
temperature and 5°F suction temperature.  These types of chillers are common in low capacity, low 
temperature applications such as this, where the payback period for more efficient machines would be 
longer than usual. The base case chiller evaporator and condenser vessels were assumed to be the same 
oversized units present in the installed system. The chillers operate in a lead/lag fashion, with the lag 
chiller operating only when the cooling load requires it. The ice temperature would have been regulated 
by an embedded slab sensor for all three operating modes.  The baseline 40-hp cold floor pump would 
have operated at two speeds (1500 and 900 gpm), with the low speed corresponding to single-compressor 
operation. The 20-hp condenser pump would have cycled on and off at 1550 gpm. The condenser water 
would have been cooled in a tower sized for 1550 gpm with a 5°F differential temperature and equipped 
with one 10-hp single-speed fan. The cooling tower temperature setpoint was fixed at 75°F, as indicated 
by the Director of Operations at the facility.  

Installed Equipment and Operation 
The installed rink chilling system consists of  two 200-hp Bitzer OSK screw compressors, each with a 
rated capacity of 108 tons and efficiency of 1.16 kW/ton at 95°F condensing temperature and 8°F suction 
temperature. The 40-hp cold floor pump and 25-hp condenser water pumps operate the same as in the 
baseline. The feedback mechanism for the ice temperature is the same as that used by the base case 
equipment described above.  Rather than the baseline constant-speed cooling tower fan, the existing 
cooling tower fan features a variable frequency drive (VFD) that modulates the fan speed down to 83% so 
that the condenser water setpoint can be reset down to 70°F when outdoor air conditions permit. 
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TRACKING ANALYSIS  

Tracking Calculation Methodology 

Since the TA study involved multiple, interactive measures, projected energy savings was calculated 
using the eQUEST energy analysis program.  The input files for the program were compiled using 
mechanical and rink design drawings. Schedules of operation and occupancy were based on interviews 
with the operations manager. Weather data for Lawrence, MA (in TMY3 format) was used in the analysis 
Standard eQUEST output reports of annual kWh use were used to generate savings estimates for the 
ECMs. 

While eQUEST does explicitly model ice rinks, it has some limitations. Foremost, it does not provide for 
intermittently covering the ice with an insulating material. Covered ice was simulated by raising the ice 
temperature and glycol temperature setpoints and turning HVAC fans off when possible (which reduces 
air movement above the ice). A second limitation is that the heat transfer from the ice to the warm-floor 
glycol system cannot be directly modeled; this correlation was provided manually through scheduling. 

Ice temperature was modeled as follows: 18°F during hockey games and during the days of the figure 
skating competition, 19°F for practices and rentals, and 21°F when the rink is empty and uncovered. 
Covered times were simulated using an ice temperature of 29°F. The TA analysis assumed an infrared ice 
temperature sensor, modeled by raising the unoccupied, uncovered temperature setpoint in 1°F 
increments to 22ºF; however, the evaluator found this sensor was in operation during the site visit. For 
consistency and simplicity, resurfacing was assumed to occur a total of three times during practice/rental 
days.  The TA analysis says that the installed cooling tower fan has a minimum speed of 33%, however, 
the on-site personnel claimed that the minimum operating speed of the tower fan is actually 83%.   

Because eQUEST does not allow a chilled water supply (CHWS) temperature below 20°F, the eQUEST 
default chiller efficiency curve was adjusted to reflect the rated efficiencies of the modeled baseline and 

proposed chillers at temperatures less than 20°F. This allowed eQUEST to model chiller energy 

consumption for sub-20°F temperatures using setpoint inputs above the 20°F minimum. Glycol pump 

head and flow rate adjustments were made to reflect the reduced energy required for pumping glycol as 
opposed to pumping water. 
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EVALUATION METHODOLOGY 
The evaluator conducted a single site visit during which metering equipment was installed and the facility 
staff was interviewed about the installed case system operation.  Photos were taken of the chillers, 
compressors, and pumps nameplate data, as well as the VFD’s and cooling tower, and the facility 
sequence of operating and temperature setpoints were confirmed with the site contact.  

The TA’s eQUEST baseline and installed case models were updated to reflect installed energy 
performance, rather than the proposed energy performance, with the following conditions.  During the 
peak usage period, October to early March, hockey games and non-ice events are set to occur once per 
week each with practice/rental days occurring the other five days.  The rink is assumed to have 20 active 
occupants during hockey games, practice, and rentals and a capacity crowd of 6,200 during the university 
hockey games.  During the shoulder months, non-ice events occur about once per week, with shorter 

practice/rental periods on the remaining 6 days of the week. The ice temperature is set at 12°F on the 

mornings of games and the university team practices and is setback to 17°F after the university practice, 

but before other team practices and rentals.  On non-university game or practice days, the ice temperature 

is set to 17°F in the morning for other team practice and rentals. Ice temperature is always set back to 

19°F at night and for unoccupied days.  The ice temperature is monitored by a sensor embedded in the 

slab, rather than a surface infrared sensor used in the TA analysis.  In order to model the non-ice events, 

the ice temperature was set to 29°F during those periods to account for the insulated cover and reduced 

airflow over the ice.  During the university hockey game and practice periods, 156 kW overhead sports 
lights are set to be on at 100%, with 38% load during other practice and rental periods.  A comparison of 
the TA and Evaluation schedules and set points can be seen in the appendix. 

An interval data calibration could not be performed as the utility interval data includes the energy usage 
for the entire building, such as corridor spaces and concessions, and the eQUEST model only includes the 
rink area.  A comparison of compressor data and interval data can be seen in the appendix.  Meter data 
compared to the usage schedule did indicate that there is a reduction in compressor and cooling tower fan 
usage during non-ice events and a spike in compressor usage prior to lower ice temperature events.  

From the eQUEST model, we produced full-year hourly reports of total kWh consumption for baseline & 
installed case models and took the difference to determine savings profile.  Peak demand savings were 
calculated using the appropriate National Grid definitions of peak demand periods. 

 

Baseline Verification 

Since this project was new construction with a hypothetical standard minimum efficiency baseline, there 
was no work done to confirm the pre-existing equipment.  Instead, the baseline conditions defined by the 
TA were compared to the National Grid baseline efficiency minimum standards and practices.  The 
baseline standard for an ice rink is a brine system with DX evaporators, which the Mycom Recipro F8WB 
reciprocating compressor system satisfies.  The TA report used a cooling tower temperature setpoint of 

80°F, whereas the existing SCT at the site was 75°F, as indicated by the Director of Operations at the site, 
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so this value was updated in the baseline model.  The National Grid baseline efficiency minimum 
standards and practices do not specify cooling tower capacity or operating conditions, so the cycling one-
speed 10-hp fan was assumed to be in compliance.  The remaining components, like the slab mounted ice 
temperature sensor and non-electric resistance sub-slab frost control all comply with the baseline standard 
or better. 

Meter data in conjunction with the facility schedule and ice temperature setpoints defined by the site 
contact were used to confirm the ice temperature sequence of operation.  The compressor and fan load 
data confirm the different operating modes and ice temperature setpoint schedule.  See Figure 1 in the 
appendix.  It is especially apparent during the non-ice event days where the compressor average load is 
about 20% lower than the average load during all other usage periods.  The data also shows that the 
cooling tower fan is not always running as hard or at all while the compressor is running, which confirms 
usage of all three modes of cooling for the condenser water loop.   

Key Savings Calculation Inputs 

� Utility Interval Data 

� Building as-built architectural, mechanical and electrical plans 

� Mechanical system sequences of operation, accounting for occupancy modes, and combinations 
of chillers, cooling tower, snow melting pit, and warm-floor glycol loop heat rejection 

� Arena event history and ice resurfacing schedule 

� Logged data of chiller and cooling tower fan demand (kW) 

Evaluation Data Collection 

During the site visit and subsequent phone interviews, we focused on verifying important energy-related 
building characteristics that impact the model, such as mechanical, lighting and plug loads, and operating 
schedules. More specifically, however, we focused on verifying the performance parameters and 
operating characteristics associated with the chiller system equipment. We obtained interval data, the 
current event schedule, and clarification about the chiller system’s actual operating modes and setpoints, 
including those related to the warm-floor glycol loop, the snow melting pit, and ice making.  Nameplate 
data was recorded and spot measurements were taken.  In addition, the following loggers and parameters 
were deployed during the on-site visit.  

Table 2: Equipment and Variables To Be Monitored 

Equipment/ 
Parameter Metered 

Chiller and Tower 
Fan kW 

Outdoor Air 
Temperature 

Measurement Variable(s) kW °F 

Measurement Equipment ElitePro Hobo U12-011 

Type of Measurement 
Equipment 

True RMS power 
logger 

OAT dry-bulb 
temperature and RH 

logger 
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Equipment/ 
Parameter Metered 

Chiller and Tower 
Fan kW 

Outdoor Air 
Temperature 

Installation of Monitoring 
Equipment 

Clamp-on CTs and 
voltage taps 

Placement of logger 

Frequency of Observations 5 minutes, average 15 minutes, average 

Duration of Metering 1 month 1 month 

Metered by SBW/RISE SBW 

 

Results 

Evaluation savings (195,568 kWh) are 102% of the tracking savings (191,595 kWh).  Although there 
were significant differences in the models, the net result was only a slight increase in savings.  The 
evaluation made updates to the TA-modeled baseline and installed model operating schedules and ice 
temperature setpoints, as well as the baseline condenser water temperature setpoint.  Although the TA 
analysis used much higher ice temperature setpoints, this only accounted for a 7% increase in energy 
savings between the TA analysis and the evaluation results.  In addition, the TA used a less efficient 

condenser water setpoint of 80°F in the baseline case, rather than 75°F as was the pre-existing condition, 

which resulted in a Tracking savings reduction of 25%.  The remaining 20% savings increase is a result of 
changes to the operating schedule.  We found the facility to be operating more often and for longer hours 
than assumed in the TA analysis, which resulted in additional chiller operating hours and thus greater 
savings.   

Table 3: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings 
Evaluated % of 

Tracking 

Annual Energy, kWh 191,595 195,568 102% 

Percent Energy On-peak 48% 55% 114 

Summer On-Peak kW  14.7 20.1 137% 

Winter On-Peak kW  30.8 40.2 131% 
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APPENDIX 
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SBW versus TA Annual Operating Schedule 

SBW Annual Schedule 

Dates Week Type Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

1/1-1/7 Classic Week Practice Practice Practice Classic Classic Classic Classic 

1/8-3/9 Winter Week Practice Practice Shoulder Practice Game Non-Ice Event Practice 

3/10-4/15 Shoulder Week Shoulder Shoulder Shoulder Shoulder Shoulder Non-Ice Event Shoulder 

4/16/7/16 Ice Melt Week Ice Melt Ice Melt Ice Melt Ice Melt Ice Melt Ice Melt Ice Melt 

7/18-8/6 Shoulder Week Shoulder Shoulder Shoulder Shoulder Shoulder Non-Ice Event Shoulder 

8/7-8/20 Camp Week Camp Camp Camp Camp Camp Camp Non-Ice Event 

8/21-10/1 Shoulder Week Shoulder Shoulder Shoulder Shoulder Shoulder Non-Ice Event Shoulder 

10/2-12/31 Winter Week Practice Practice Shoulder Practice Game Non-Ice Event Practice 

         TA Annual Schedule 

Dates Week Type Monday Tuesday Wednesday Thursday Friday Saturday Sunday 

1/1-1/7 Classic Week No Event Practice Practice Classic Classic Classic Classic 

1/8-2/28 Winter Week Practice Practice Practice Practice Practice No Event Game 

3/1-5/15 Shoulder Week No Event No Event No Event No Event Practice Practice Practice 

5/16/7/10 Ice Melt Week Ice Melt Ice Melt Ice Melt Ice Melt Ice Melt Ice Melt Ice Melt 

7/11-9/20 Shoulder Week No Event No Event No Event No Event Practice Practice Practice 

9/21-12/31 Winter Week Practice Practice Practice Practice Practice No Event Game 
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SBW versus TA Ice Temperature Set Points 

SBW Ice Temperature Set Points 

Day Type 

12- 

1am 

1- 

2am 

2- 

3am 

3- 

4am 

4- 

5am 

5- 

6am  

6- 

7am 

7- 

8am 

8- 

9am 

9- 

10am 

10- 

11am 

11- 

noon 

noon- 

1pm 

1- 

2pm 

2- 

3pm 

3- 

4pm 

4- 

5pm 

5- 

6pm 

6- 

7pm 

7- 

8pm 

8- 

9pm 

9- 

10pm 

10- 

11pm 

11- 

mdnt 

Game Day 19 19 19 19 19 19 19 19 12 12 12 12 12 12 12 12 12 12 12 12 12 19 19 19 

Practice Day 19 19 19 19 19 19 19 19 12 12 12 12 12 12 12 12 12 17 17 17 17 17 19 19 

Classic Day 19 19 19 19 19 19 19 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 19 19 

Shoulder Day 19 19 19 19 19 19 19 19 19 19 19 19 17 17 17 17 17 17 19 19 19 19 19 19 

Camp Day 19 19 19 19 19 19 19 17 17 17 17 17 17 17 17 17 17 19 19 19 19 19 19 19 

Non-ice event 

day 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 

                         
TA Ice Temperature Set Points 

Day Type 

12- 

1am 

1- 

2am 

2- 

3am 

3- 

4am 

4- 

5am 

5- 

6am  

6- 

7am 

7- 

8am 

8- 

9am 

9- 

10am 

10- 

11am 

11- 

noon 

noon- 

1pm 

1- 

2pm 

2- 

3pm 

3- 

4pm 

4- 

5pm 

5- 

6pm 

6- 

7pm 

7- 

8pm 

8- 

9pm 

9- 

10pm 

10- 

11pm 

11- 

mdnt 

Game Day 21 21 21 21 21 21 21 21 21 21 21 18 18 18 18 18 18 18 18 18 18 18 18 18 

Practice Day 21 21 21 21 21 21 21 21 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 19 

Classic Day 21 21 21 21 21 21 21 21 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 18 

No event day 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 29 
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Ice temperature set points, based on schedule and operating modes, versus compressor load and cooling tower fan load.  The “covered ice” 

operating mode temperature is set to 29°F to distinguish the covered period from unoccupied.   
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Compressor Load Data versus Interval Data 
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Baseline Model eQUEST Simulation Results by End Use  
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Installed Model eQUEST Simulation Results by End Use  
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Baseline Model eQUEST BEPU Output 

 

Installed Model eQUEST BEPU Output 
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SUMMARY 
This Design 2000 new construction project involved the installation of new refrigerated cases with the 
following proposed energy efficient features: 

• LED lighting wired with motion sensors to automatically de-energize the lights during periods of 
inactivity 

• Electronically commutated (EC) motors to drive the evaporator fans 

• Anti-condensate heater (ACH) controls 

Table 1 summarizes the evaluation findings. The evaluation annual energy savings is 81.0% of the 
tracking estimate savings. The reduced savings is due primarily (75.7% of the difference) to reduced 
savings associated with the LED lights and motion controls. 

Table 1: Savings Summary  

Savings Quantity 
Tracking  
Estimate 

Evaluated  
Savings 

Evaluated % of 
Tracking 

Annual Energy, kWh           52,395            42,447                       81% 

Percent Energy On-peak              46%              51%             111% 

Summer On-Peak kW               4.3              5.3               123% 

Winter On-Peak kW               7.6              5.4                     71% 

 

The annual evaluated energy savings of 42,447 kWh breaks down between the different energy 
consumers as follows: 31.9% is due to the LED lighting and motion sensors, 28.9% is due to the ACH 
controls, 21.3% of the savings is due to indirect savings (i.e. reduced load on the remote compressors), 
and 17.9% is due to the EC fan motors.  

 

PROJECT DESCRIPTION 
A grocery retailer installed 29 new refrigerated cases with energy efficient features: 

• LED lighting in lieu of fluorescent lighting in 26 cases (the other 3 cases are islands which do not 
have lighting). 

• Motion sensors to de-energize the LED lighting on 26 cases. 

• EC motors in lieu of standard motors to drive the evaporator fans for 11 of the cases (EC motors 
are standard equipment on the other 18 cases). 

• Door anti-condensate heaters (ACH) controls for eight cases. 
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Table 2 lists the nine new case types and shows the quantity of each case type as well as differentiating 
performance features between the baseline and installed cases. In total there are 29 refrigeration cases 
housing 100 evaporator fans.   

Table 2: Refrigeration Case Summary 

 

Baseline Installed Baseline Installed Baseline Installed

Hill Phoenix OWIZ Island LT-8ft Low 2 4 Standard EC no lights no lights No No

Hill Phoenix OWEZ Island LT-end Low 1 2 Standard EC no lights no lights No No

Hill Phoenix O5M-NRG MT-6ft Medium 3 2 EC EC T-8 LED
 1

No No

Hill Phoenix O5M-NRG MT-8ft Medium 4 3 EC EC T-8 LED
 1

No No

Hill Phoenix O5M-NRG MT-12ft Medium 11 4 EC EC T-8 LED
 1

No No

Hussmann RLN RI LT-2dr Low 3 2 Standard EC T-8 LED
 1

No Yes

Hussmann RLN RI LT-3dr Low 1 3 Standard EC T-8 LED
 1

No Yes

Hussmann RLN RI LT-4dr Low 1 4 Standard EC T-8 LED
 1

No Yes

Hussmann RLN RI LT-5dr Low 3 5 Standard EC T-8 LED
 1

No Yes

Green highlight indicates feature that is different from baseline

Fan Motors Lights Door ACH 

Manufacturer Model
Nominal

Temp
Qty

Fans 

per 

Case

1
 LED lighting is 

accompanied by 

motion sensors  

 

Baseline Equipment and Operation 

Because this project is categorized as new construction, by definition the baseline is hypothetical. The 
baseline represents the scenario where the grocery store retailer would have purchased standard 
refrigeration cases without adding on any of the energy-efficient features described in this report. 

For the baseline, all the evaporator fan motors are standard motors except those on Hill Phoenix medium-
temperature cases; EC motors are standard on the O5M-NRG model.  All of the fans on the medium-
temperature cases run continuously; the fans on the low-temperature cases shut off during each defrost 
cycle. The baseline lighting is standard T-8 fluorescent and is on continuously every day from 6 a.m. to 
midnight except during defrost cycles. The low temperature cases feature ACHs on the doors and frames 
that operate continuously. There are no ACHs on the medium temperature cases.   

Table 3 summarizes the baseline performance characteristics for each type of refrigeration case. The 
refrigeration loads and ancillary loads (fans, lighting, and ACHs) are taken from the manufacturers’ 
design specifications, which have been confirmed by the evaluators.  
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Table 3: Baseline Performance Characteristics 

Load 

(BTU/h)

Fan Motor 

Demand 

 (W)

Lighting 

Demand 

(W)

Lighting 

Motion 

Sensors

ACH Door 

Heat

Demand

 (W)

ACH 

Control 

Hill Phoenix OWIZ Island LT-8ft 2 5,080 68 0 N 0 N 1.67

Hill Phoenix OWEZ Island LT-end 1 2,855 34 0 N 0 N 0.47

Hill Phoenix O5M-NRG MT-6ft 3 7,800 37 44 N 0 N 2.09

Hill Phoenix O5M-NRG MT-8ft 4 10,400 55.5 56 N 0 N 3.73

Hill Phoenix O5M-NRG MT-12ft 11 15,600 74 84 N 0 N 15.29

Hussmann RLN RI LT-2dr 3 2,600 100 180 N 185 N 2.57

Hussmann RLN RI LT-3dr 1 3,900 150 240 N 278 N 1.26

Hussmann RLN RI LT-4dr 1 5,200 200 300 N 370 N 1.66

Hussmann RLN RI LT-5dr 3 6,500 250 360 N 463 N 6.16

Manufacturer

Total 

Demand

 for all 

Cases 

(kW)

QtyModel

per refrigeration case

 

 

 

Installed Equipment and Operation 
The installed evaporator fans operate the same as the baseline fans, but all the motors are EC motors. The 
installed lighting is all LED except for the island cases, which have no lighting. Like the baseline lighting, 
the LED lighting is on every day from 6 a.m. to midnight. But unlike the baseline, motion sensors de-
energize the lights when no one is in front of the cases.   

ACHs are installed on the doors of all the Hussmann low-temperature cases. The Hill Phoenix low-
temperature models are islands and therefore do not have door heaters, and door heaters are not an option 
on the medium-temperature cases. The installed equipment includes ACH controls to reduce the energy 
consumption of the ACH door heaters. The ACH controls cycle the door heaters in response to signals 
from sensors installed in the bottom of the door-frame assembly which detect store ambient conditions. 

Table 4 summarizes the installed performance characteristics for each type of refrigeration case.  The 
refrigeration loads are taken from the manufacturer’s specifications. The refrigeration load is equal to the 
manufacturer’s design load minus the manufacturer’s specified reduction in heat associated with the 
ancillary loads. For the Hill Phoenix cases this includes only the EC motors. For the Hussmann cases this 
includes the EC motors and the LED lights.  Except for the fan motors on the Hussmann cases, all the 
ancillary loads are also equal to the manufacturer’s design loads. For the fan motors on the Hussmann 
cases, the listed values are based on measured values taken by the evaluation team on site. All the 
performance values have been confirmed by the evaluators to accurately reflect the manufacturers’ data. 
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Table 4: Installed Performance Characteristics 

 

Load 

(BTU/h)

Fan Motor 

Demand 

 (W)

Lighting 

Demand 

(W)

Lighting 

Motion 

Sensors

ACH Door 

Heater

Demand

 (W)

ACH 

Control 

Hill Phoenix OWIZ Island LT-8ft 2 4,696 44.0 0 N 0 N 1.51

Hill Phoenix OWEZ Island LT-end 1 2,633 22.0 0 N 0 N 0.42

Hill Phoenix O5M-NRG MT-6ft 3 7,800 37.0 16.6 Y 0 N 2.01

Hill Phoenix O5M-NRG MT-8ft 4 10,400 55.5 23.8 Y 0 N 3.60

Hill Phoenix O5M-NRG MT-12ft 11 15,600 74.0 35.7 Y 0 N 14.76

Hussmann RLN RI LT-2dr 3 2,182 41.4 58 Y 185 Y 1.84

Hussmann RLN RI LT-3dr 1 3,273 62.1 87 Y 278 Y 0.92

Hussmann RLN RI LT-4dr 1 4,364 82.8 116 Y 370 Y 1.23

Hussmann RLN RI LT-5dr 3 5,455 103.5 145 Y 463 Y 4.61

Green highlight indicates feature that is different from baseline

Total 

Demand

 for all 

Cases 

(kW)

Manufacturer Model Qty

per refrigeration case

 

 

 

TRACKING ANALYSIS  

Tracking Calculation Methodology 
The performance data used in the TA’s analysis for the baseline and proposed cases was the same as 
shown in Tables 3 and 4 with the following exceptions: 

• The TA assumed ACH controls were going to be installed on the three island cases. The ACH 
demand was assumed to be 314 Watts on the OWIZ model and 187 Watts on the OWEZ model. 

• The TA assumed two Hussmann 2-door cases and two 3-door cases instead of three 2-door cases 
and one 3-door case. 

The TA inserted the performance data for the baseline and proposed cases into National Grid’s “Custom 
Express Tool” (CET), a spreadsheet to calculate the annual energy and peak demand savings for the 29 
new refrigeration cases.  The spreadsheet accounts for the direct savings associated with the fans, lights, 
and ACH controls, as well as the indirect savings associated with the resulting reduction in refrigeration 
load.   

For the direct annual energy savings, the fans and lighting data from Table 3 and Table 4 was input into 
the CET spreadsheet along with the operating hours for the fans and lighting as shown below in Table 5. 
The operating hours of the fans are based on the defrost schedules provided by the grocery retailer at the 
time of the TA analysis. The operating hours of the lights are based on the assumptions that the baseline 
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lighting is on continuously except during defrost, and that the proposed lighting is off for an additional 
2.7 hours/day due to the motion sensors. The 2.7 hours/day assumption was supplied by the grocery 
retailer’s engineers; they estimated the motion sensors would reduce lighting operating hours by 1,000 
hours/year. 

 

Table 5: Tracking Analysis Defrost Cycles and  Fans and Lighting Schedules 

Fans Lights Fa ns Lights

Hi l l  Phoenix Low Temp 3 /da y 20 min 23.0 n/a 23.0 n/a

Hi l l  Phoenix Med Temp 6 /da y 26 min 24.0 21.4 24.0 18.7

Hussma nn Low Temp 1 /da y 20 min 23.7 23.7 23.7 21.0

Operating Hours  (per day)

Proposed

Frequency Duration

Defrost Cycles

Ba sel ine and Proposed

Opera ting Hours  (per da y)

Baseline

 

 

For the annual energy savings associated with the proposed ACH controls, embedded within the CET 
spreadsheet is the assumption that the ACH demand will be 100% of the design demand for the baseline 
cases, and on average over the course of the year 51% of the design demand for the proposed cases with 
ACH controls (i.e. all low-temperature cases).  

For the fans, lights, and ACHs, the CET spreadsheet subtracts the product of the proposed cases’ watts 
and daily operating hours from the product of the baseline cases’ watts and daily operating hours. 

For the annual indirect energy savings, the CET spreadsheet calculates the energy usage of the remote 
compressors as a function of the respective baseline and proposed refrigeration loads. Embedded within 
the CET spreadsheet are the assumptions that on an annual basis the coefficient-of-performance (COP) 
for the remote compressors is 1.94 for the low-temp cases and 3.71 for the medium-temp cases. 

The spreadsheet calculates demand savings for the winter months of December and January and the 
summer months of June, July and August by adding the respective direct demand savings and indirect 
savings for each of those months.  Peak summer demand savings is assumed to be the maximum of the 
results found for the three summer months, and peak winter demand savings is assumed to be the 
maximum of the results found for the two winter months.  Within the CET spreadsheet, the COP of the 
remote compressors varies somewhat depending on the specified month.  
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EVALUATION ANALYSIS  

Evaluation Methodology 

The evaluation calculation methodology is similar to the tracking calculation methodology. The 
performance parameters for the baseline and installed cases are as shown above in Tables 3 and 4, and the 
evaluation used the COPs from the CET spreadsheet to calculate the annual energy savings of the remote 
compressors (1.94 for low-temp cases, 3.71 for med-temp cases). The evaluation methodology differs 
from the tracking methodology in the following areas: 

• Lighting hours are based on site inspection and logged data 

• EC motors (Hussman cases) demand and ACH door heaters demand based on logged data 

• Defrost schedules were also obtained during the site inspection. 

• Peak demand savings were calculated using the definitions of peak demand periods as defined by 
National Grid. 

The lighting schedule for both the baseline and installed cases were derived from information gathered 
during the evaluation site visit and from logged data. The panel wiring diagram displayed at the site notes 
that the case lighting is “on store hours;” this matches with data logged on the Hussmann cases that shows 
the lights are off from midnight to 6am every day. This evaluation assumes that the lighting for the 
baseline cases would also be “on store hours” (i.e. off every night between midnight and 6am).   

Logged lighting data recorded from the circuitry of Hussmann 2-door, 4-door and 5-door cases is shown 
in Figure 1 of the Appendix.  Amperage draw was logged from the end of November, 2012 to the 
beginning of January, 2013.  Power draw as calculated from the current draw using a one-time spot 
measurement of power factor and voltage. The power of the lighting matches the Hussmann specification 
sheets for LED lights (29W per door). The logged data also shows that the installed motion sensors 
reduce the lighting demand in the hours when the store is occupied by employees only: 8 p.m. to 
midnight, and 6 a.m. to 8 a.m., The lighting demand during these hours is on average 65% of the design 
demand, which equates to 2.1 hours/day of lights off. This evaluation assumes that the lights on all 29 
cases operate similarly.  

Logged data was also obtained for the EC fan motors on the Hussmann low-temperature cases. Amperage 
draw was logged from the end of November, 2012 to the middle of December, 2012.  Power draw was 
calculated from the current draw using spot measurements of power factor and voltage (see Figure 2 in 
the Appendix). Based on information provided by Hussmann, the evaluation determined that the ACH 
frame heaters are on the same circuit as the fans. The manufacturer’s specification for EC fan motor 
demand (18 Watts per door) combined with ACH frame heat demand (47 Watts per door) is 65 Watts per 
door. The power draw shown in Figure 2 indicates that the installed fans and frame heaters are demanding 
closer to 75 Watts per door. Without means to differentiate between the fan motor demand and the frame 
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heat demand, we simply adjusted the power draw of the fan motors upwards by 15% (=75/65), so 18 
Watts per door becomes 20.7 Watts per door. 

Table 6 shows the defrost cycles, fans, and lighting schedules which are based on the site inspection and 
logged data. 

Table 6: Evaluation Defrost, Fans, and Lighting Hours of Operation 

Fans Lights Fa ns Lights

Hi l l  Phoenix Low Temp 1 /day 20 min 23.7 n/a 23.7 n/a

Hi l l  Phoenix Med Temp 6 /day 40 min 24.0 14.0 24.0 11.9

Hussma nn Low Temp 1 /day 25 min 23.6 17.6 23.6 15.5

Operating Hours  (per day)

Installed

Defrost Cycles

Ba sel ine and Ins ta l led

Opera ting Hours  (per da y)

Baseline

Frequency Duration

 

 

The ACH door heater circuits were logged simultaneously for the Hussmann cases. Current draw was 
logged from the end of November, 2012 to the beginning of January, 2013.  Power draw was calculated 
from the current draw using spot measurements of power factor and voltage. The demand trend is shown 
in Figure 3 in the Appendix. The electrical panel labeling at the site was unclear; so we are not entirely 
certain how many of the Hussmann cases were on the heater circuit that we logged. The data shows that 
the ACH door heaters are operating on average at 45% of design power.  The data also shows the power 
draw remaining fairly constant despite the fact that the relative humidity within the store fluctuates 
according to outside absolute humidity (and to a lesser extent the number of people in the store). This lead 
us to assume that the logged data is not at a high enough fidelity to show a correlation to ambient store 
conditions, and therefore we are using the 45% of design power as a year-round average, not as seasonal 
value (this is also similar to the TA’s approach). 

Hourly kW usage profiles were created for the base case and installed case using the data shown in Tables 
3 and with the defrost cycles and lighting schedules discussed above. Peak demand savings and percent 
on peak were calculated using the appropriate National Grid definitions of peak demand periods. The 
COPs used for the remote compressors do not vary with season.  

Baseline Verification 

The baseline equipment (manufacturer, model, quantity) was verified by comparing the invoices provided 
in the application documents to the equipment found at the site during the site inspection. This 
comparison revealed that the original tracking estimate had accounted for two Hussmann 2-door cases 
and two 3-door cases instead of the correct quantities: three 2-door cases and one 3-door case. 

The next step in the baseline verification was to find all the manufacturers’ specifications on-line and 
double-check all the baseline performance parameters. This check confirmed that ACH door controls are 
not an option on Hill Phoenix medium-temperature cases and non-existent on island cases. This check 
also confirmed that EC motors are standard on the Hill Phoenix O5M-NRG cases, which are referred to as 
“O5M high performance” cases in the invoices. 
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The defrost schedules, which list the starting time and duration of the defrost cycles for each case, are 
posted at the site; these schedules were photographed during the site inspection. The baseline defrost 
schedules are only slightly different than what the TA assumed  Lighting schedules for the baseline were 
verified by inspecting the notes on the panel wiring diagram displayed at the sight. Current draw data 
logged on the installed cases confirmed the notes on the wiring diagram. As discussed throughout this 
report, the evaluation baseline lighting schedules (lights off at night) are significantly different than what 
the TA assumed (lights on continuously). 

Key Savings Calculation Inputs 

� Fan motor (EC and standard)  Watts and operating hours 

� Lighting (LED and standard) Watts and operating hours  

� ACH Watts and operating hours 

� Remote compressor COP (low temp and medium temp cases) 

� Refrigeration loads (and adders for standard lights and fans) 

Evaluation Data Collection 

Evaluators collected the data shown in Table 7 to verify the power demand and operating hours of the EC 
fan motors, LED lights, and ACH door heaters.  The evaluators also took spot measurements to record 
volts and power factors. 

Table 7: Equipment Monitored 

Equipment/ 
Parameter Metered 

Anti-Condensate Heaters,  
ECM Fans, LED Lights 

Measurement Variable(s) Amps 

Measurement Equipment 
Magnelab CTs and HOBO Energy Pro 
datalogger 

Type of Measurement Equipment 
Split-core CTs and Multi-Channel 
Logger 

Installation of Monitoring Equipment Split-core CTs 

Frequency of Observations 15 minutes, average 

Duration of Metering 1 month 

Metered by SBW/RISE 

 

RESULTS 
Subtracting the installed case kW profile from the base case kW profile gave the overall savings profile. 
This overall savings profile was then used to calculate the peak demand and annual energy savings. The 
annual energy savings is 42,447 kWh, which is 81.0% of what the TA estimated in their analysis.  
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Peak demand savings were calculated using the definitions of peak demand periods as defined by 
National Grid. 

Table 8 summarizes the evaluation savings. 

Table 8: Evaluation Savings Summary 

Savings Quantity 
Tracking  
Estimate 

Evaluated  
Savings 

Evaluated % of 
Tracking 

Annual Energy, kWh           52,395            42,447                       81% 

Percent Energy On-peak              46%              51%             111% 

Summer On-Peak kW               4.3              5.3               123% 

Winter On-Peak kW               7.6              5.4                     71% 

 

The reduction in energy savings between the tracking estimate and the evaluated savings is attributable to 
the following three factors. 

• The TA used the original grocery retailer-provided estimate of 2.7 hours/day for the lighting 
reduction due to motion sensors (which turned out to be fairly accurate), but the TA assumed the 
baseline case lighting would operate 24-hrs/day (except for defrost). The evaluation determined 
that the case lighting is “on store hours,” so even the baseline cases’ lighting would be on no 
more than 18 hours/day. The evaluation used 18 hours/day (minus defrost) for the baseline 
lighting operating hours. This accounts for 75.7% of the reduction in savings. 

• The evaluation found three 2-door and one 3-door Hussmann cases instead of two and two as 
used in the TA analysis, which accounted for 13.3% of the reduction in savings. 

• The TA included savings from ACH door heater controls on the three island cases; the evaluation 
confirmed that there are no door heaters on these cases. This reduction is savings was partially 
offset by the increased savings from the ACH door heater controls that were installed.  

• There was also a small reduction in savings due to the slightly higher fan power draw of the 
Hussmann EC fan motors. 

The annual energy savings of 42,447 kWh breaks down between the different energy consumers as 
follows: 31.9% is due to the LED lighting and motion sensors, 28.9% is due to the ACH controls, 21.3% 
of the savings is due to indirect savings (i.e. reduced load on the remote compressors), and 17.9% is due 
to the EC fan motors.  

 

APPENDIX
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Figure 1:  LED Lighting Demand (Installed Cases) 
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Figure 2:  Hussman EC Fan Motors and Frame ACHs Demand (Installed Cases) 
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 The spikes in power draw correspond to the defrost cycles; fans go off during defrost but drain heaters come on.  

These occurrences have relatively minor impacts on energy performance and were not considered in the evaluation. 
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Figure 3:  ACH Door Heaters Demand (Installed Cases) 
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Application ID: NSTAR BS10386 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

A small retail store completed refrigeration efficiency upgrades for its existing cooler and freezer 

displays. These upgrades included the installation of glass doors on open cooler displays, the 

replacement of refrigeration display case T-8 fluorescent lighting with LED lighting, the replacement of 

PSC evaporator motors with EC motors, and the installation of anti-condensate heater controls for the 

existing freezer glass doors.  

This application saves 107% of the energy originally estimated in the tracking analysis. The primary 

reasons for the decrease in savings are overestimated lighting retrofit savings and the installation of 

larger motors than the pre-existing case. Results are presented in Table 1 below. 

Table 1: Summary of Tracking and Evaluation Savings Results 

Savings Quantity Tracking Value 
Evaluation 

Value 

Evaluation ÷ 

Tracking 

Annual Energy Savings (kWh) 60,847 65,122 107% 

% Energy Savings On-Peak unknown 48% - 

Summer Peak Diversified kW Savings (FCM) 6.95 11.04 159% 

Winter Peak Diversified kW Savings (FCM) 6.95 5.80 84% 

Project Description 

The store is open 16 hours daily, 364 days per year. Prior to the completion of the project, the walk-in 

cooler had an open front and was refrigerated by the chain’s standard three-compressor condensing 

unit. Two evaporator units with a total of nine PSC motors served the cooler. An air-curtain created by 

fans at the case front was used to minimize infiltration. 

The freezer was enclosed by doors, served by the same condensing unit, and had two evaporators with a 

total of six PSC motors. The anti-condensate heater (ACH) in the freezer door ran 24 hours per day at full 

power to prevent condensation. 

The cooler was illuminated by ten 32-W T8 fixtures, and the freezer contained eight 59-W T8 lamps. 

These fixtures ran 24 hours per day. 

By installing doors on the coolers, refrigeration load was expected to be reduced due to lower 

infiltration. ACH heaters with controls were installed as a part of the door installation in order to prevent 

condensation, and heater energy use partially offset the savings from the new doors. 

During door installation, the evaluator expected that the case fans be disconnected because there was 

no need for an air curtain in the closed cases. However the reference study of for a representative store 

has no mention of whether these fans were disabled, and upon visiting the site the evaluator discovered 

that the case fans were still running. The tracking analysis also has no calculations or energy savings 

attributed to case fans, so the evaluation was unable to address possible savings due to their removal. 

Replacing both cooler and freezer fluorescent lighting with LED fixtures was expected to reduce electric 

demand and refrigeration load through the greater efficiency of the fixtures.  

Replacing PSC fan motors with EC motors was expected to reduce electric demand and refrigeration 

load. 
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Installing controls on the freezer anti-condensate heater (ACH) was expected to reduce electric demand 

by cycling the ACH between high and low power levels when the interior dew point is nominally below 

the surface temperature of the frames.  

Tracking Analysis 

This section describes the methodologies employed in the original energy study and discusses aspects of 

the methodology that had significant impacts on final energy savings estimates. Minimal documentation 

was included with the tracking analysis, so all of the savings inputs could not be confirmed. 

Tracking Calculation Methodology 

The tracking analysis used a combination of metered data and vendor specifications to estimate energy 

savings. Below is a list of the inputs to the tracking analysis and their sources. In reference to the 

analysis inputs, site information came from the store manager, and vendor specifications came from the 

equipment vendor or from equipment specification sheets. 

Table 2: Source of Tracking Analysis Inputs 

Tracking Analysis Input Existing Source Proposed Case Source 

Evaporator fan motor demand vendor specifications vendor specifications 

Evaporator fan motor hours site site 

Lighting demand vendor specifications vendor specifications 

Lighting hours site site 

Freezer ACH demand unclear unclear 

Freezer ACH hours site unclear 

Cooler ACH demand N/A unclear 

Cooler ACH hours N/A unclear 

Cooler compressor demand metering metering 

Cooler hours site site 

Savings are affected by: 1. EC motor installation, 2. LED Lighting installation, 3. Freezer ACH controls, and 

4. Door installation. 

1. PSC evaporator fan motors were replaced with EC motors. Evaporator fans are assumed to run 24 

hours a day in both the pre-retrofit and proposed cases. Using manufacturer’s data, savings were 

calculated according to the following equation: 

Motor energy savings, kWh = Pre-retrofit demand, kW × Pre-retrofit daily runtime, h - Proposed demand, 

kW × Proposed daily runtime, h 

2. Upgrading T-8 lighting to LED lighting was expected to reduce lighting electrical demand and 

refrigeration load. Lighting is assumed to run 16 hours per day in both the pre-retrofit and proposed 

cases, based on customer information and store schedule. Savings due to reduced lighting demand were 

found by: 

Lighting energy savings, kWh = Pre-retrofit demand, kW × Pre-retrofit daily runtime, h - Proposed 

demand, kW × Proposed daily runtime, h 

In order to calculate refrigeration savings, lighting data was most likely entered into the program that 

processes prescriptive applications, because this program would also estimate refrigeration savings. 

Then, the final savings number was included as part of the custom application, as opposed to being 

processed prescriptively. This, however, could not be confirmed. 

3. It is unclear from the application material how freezer ACH control savings were calculated. 
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4. Savings due to the installation of cooler doors were calculated by metering compressors serving a 

cooler in a sample store before and after the doors were installed and extrapolating the demand 

reduction across the entire year. The following equation was used to determine savings: 

Door installation savings, kWh = (Compressor kWh during pre-retrofit metering period, 5,161 kWh ÷ Pre-

retrofit metering period, 32 days – Compressor kWh during post-installation metering period, 

1,299 kWh ÷ Post-installation metering period, 25 days) × 365 days/years 

The application includes a penalty of 3,650 kWh that is not attributed to any source. The use of ACH or 

ACH controls is also not discussed, so this penalty could be due to the installation of ACH as a part of the 

door installation, but it is not clear from the documentation. 

Evaluation Methodology 

The evaluation confirmed the appropriateness of the values used in the tracking analysis though 

metering where possible, and it accounted for the refrigeration savings resulting from the reduction in 

electrical demand inside the cooler and freezer. Evaluation inputs include ACH, lighting, compressor, and 

EC motor demand and runtime, and condensing unit performance. The table below details the 

evaluation inputs and their sources. 

Table 3: Source of Evaluation Analysis Inputs 

Evaluation Analysis Input Pre-Retrofit Source Installed Source 

Evaporator fan motor demand adj. vendor specifications spot metering 

Evaporator fan motor hours hobo—long-term metering hobo—long-term metering 

Lighting demand vendor specifications spot metering 

Lighting hours hobo—long-term metering hobo—long-term metering 

ACH demand spot metering spot metering 

ACH hours site spot metering 

Condensing unit demand long-term and spot metering long-term and spot metering 

Refrigeration system performance manufacturer’s data manufacturer’s data 

Refrigeration savings due to the reduction in motor, lighting, and ACH demand were to be calculated 

according to the equation below: 

Refrigeration savings, kW = Demand savings, kW ÷ 3.517 tons/kW × load factor × Refrigeration system 

performance, kW/ton 

The load factor indicates how much of the demand of the specific end use results in heat that must be 

rejected by the refrigeration system and will be particular to the type of demand reduction. The load 

factor for the motor and lighting savings will be 100%, since all motor and lighting heat is released into 

the cooler or freezer in which it is located. The ACH load factor will be 35%, in accordance with ASHRAE 

paper D-5993-20100303 “Anti-Sweat Heaters in Refrigerated Display Cases”, because some of the heat 

is released into the store. 

Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 
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Table 4: Summary of Evaluation Metering and Trend Data 

 
Evaporator Fan Motor Lighting ACH 

Parameter Demand Runtime Demand Runtime Demand Runtime 

Meter Type Yokogawa Meter Hobo Logger Yokogawa Meter Hobo Logger Yokogawa Meter Hobo Logger 

Installation Temporary Temporary Temporary Temporary Temporary Temporary 

Observation Frequency One second One minute One second One minute One second One minute 

Metering Duration Five minutes One month Five minutes One month Five minutes One month 

Pre-retrofit or Installed Installed Installed Installed Installed Installed Installed 

Metered by Evaluator Evaluator Evaluator Evaluator Evaluator Evaluator 

 Evaluation Savings Analysis 

EC Motor Installation 

Pre-Retrofit Case 

The original motors installed in the evaporator fan units were 1/20 HP PSC motors. This was determined 

by the nameplate data on the unit. The TA assumed 1/15 HP fans, but no documentation was provided 

for this. These motors ran 8,760 hours annually to keep the freezer and cooler adequately refrigerated. 

The power factor was not available for the 1/20 HP motors, so the power factor from the cut sheet for 

similar 1/15 HP motors was used. The annual electric consumption for the pre-retrofit case was 

calculated as: 

Annual electric use, 6,733 kWh = Number of motors, 15 × Full load amps, 0.42 A × Voltage, 120 V × Power 

factor, 0.53 × Annual runtime, 8,760 hours ÷ 1 kW/1,000 W 

Installed Case 

EC motor savings for the installed case were calculated using spot metered data directly at the motors at 

another evaluation site and extrapolating the data to all similar sites. The direct metering was not 

possible at this site. It was determined that the motors draw a consistent 0.44 amps per fan. The 

installed motors were observed to be 1/15 HP. The power factor could not be confirmed through spot 

metering, so the same value was used for the pre-retrofit PSC and the installed EC motors. The annual 

electric consumption for the installed case was calculated as: 

Annual electric use, 7,096 kWh = Number of motors, 15 × Current draw per motor, 0.44 A × Voltage, 120 V 

× Power factor, 0.53 × Annual runtime, 8,760 hours ÷ 1 kW/1,000 W 

Savings 

Several stores in the chain were upgraded simultaneously, and 1/15 hp motors were installed at every 

site, regardless of whether the store had previously had 1/15 or 1/20 hp motors. The site contact was 

not aware of any reason why the size increase was necessary, and stated that 1/20 hp motors are now 

being installed when similar upgrades are performed at other chain locations. This leads the evaluator to 

the conclusion that the size increase was not necessary. 

Due to the fact that the installed motors are larger than the pre-existing, there is a savings penalty 

attributed to the motor retrofit. This penalty is calculated as: 

Annual motor retrofit penalty, 363 kWh = Annual pre-retrofit electric use, 6,733 kWh – Annual installed 

case electric use, 7,096 kWh 

100% of the energy savings from the fan motor retrofit contribute to the overall refrigeration savings. 

The penalty due to larger motor installation not only contributes to direct electrical consumption but 

also indirect electrical consumption by the condensing unit. To find the indirect electric penalty, the 
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condensing unit efficiency must be taken into account. An 8,760 hourly model was used to determine 

condensing unit performance throughout the year. The demand penalty in one hour due to motor 

installation was found by: 

Refrigeration demand penalty, kW = Motor retrofit demand penalty, kW ÷ 3.517 tons/kW × Condensing 

unit efficiency, kW/ton × Motor load factor, 100% 

The demand penalty was summed across all hours to get the total annual energy penalty: 98 kWh for 

cooler motors and 66 kWh for freezer motors. 

LED Lighting Retrofit 

Pre-Retrofit Case 

The cooler pre-retrofit case lighting configuration as determined by the TA study varied significantly 

from pre-retrofit lighting description and metering performed for another TA study at a store in the 

same chain. Because the evaluator was not able to observe cooler pre-retrofit lighting first hand, a 

determination was made to use the pre-retrofit data from the other site. This site report had specific 

information on which types of fixtures were located where, and it also had meter data from several 

similar sites that confirmed the visual observation. Furthermore, the arrangement of lamps, ten 32-W T8 

lamps along the edge of the case, was a more logical fit for the pre-retrofit space than the configuration 

in the tracking analysis for BS10386. 

The TA data for freezer lighting was used in part as the pre-retrofit case for the evaluation analysis. The 

size of the lamps indicated to have been installed in the pre-retrofit case was used in the evaluation 

analysis, but the evaluation analysis assumed eight 59-W T8 lamps total in the freezer, as opposed to 

five in the TA analysis. The freezer is composed of two sets of three-door units, and it was assumed in 

the evaluation that each unit had one T8 lamp on each end and one between each door, resulting in 

four lamps per unit. 

This data was confirmed in two ways. First, because the freezer doors existed before the retrofit, their 

nameplates gave current information on the pre-retrofit lights. This matched the TA data for lamp 

wattage. Second, it also aligned with the TA study description and meter data for the other site, as 

mentioned in the previous paragraph.  

The pre-retrofit case lighting energy use was calculated as: 

Annual pre-retrofit case lighting usage, 6,938 kWh = (Number of freezer fixtures, 8 × Freezer fixture 

wattage, 0.059 kW + Number of cooler fixtures, 10 × Cooler fixture wattage, 0.032 kW) × Annual 

runtime, 8,760 hours 

According to a 2009 study by the Institute of Electrical and Electronics Engineers, T8 fixtures release 

about 75% of input power as heat. This heat is released into the refrigerated case and therefore must be 

mitigated by the condensing unit. The condensing unit energy use to dissipate heat produced by the T8 

fixtures is calculated as: 

Hourly condensing unit demand due to T8 heat output, kW = (Number of freezer fixtures, 8 × Freezer 

fixture wattage, 0.059 kW + Number of cooler fixtures, 10 × Cooler fixture wattage, 0.032 kW) × 

Percent Heat loss, 75% × 3,412 BTU/hr/kW ÷ 12,000 BTU/hr/ton × condensing unit efficiency  

The demand in each hour was summed to calculate the total annual condensing unit energy to reject 

heat from the T8 fixtures. 
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Installed Case 

LED lighting electric use for the installed case was calculated based on metered data. Through the use of 

spot metering at the circuit, it was determined that the total current for all cooler and freezer case 

lighting is 3.3 amps. This agrees with the amp specification indicated in the nameplate data. Long-term 

meter data showed that the lights run 24/7. Installed case lighting usage was then calculated to be: 

Annual installed lighting usage, 3,500 kWh = Lighting current, 3.3 amps × Voltage, 120 volts ÷1,000 W/kW 

× Annual runtime, 8,760 hours  

Installing LED lighting also affected the refrigeration load. LED lights dissipate more heat than the 

existing T8 fixtures as a fraction of input watts, but for the same light output, LEDs draw significantly less 

watts, resulting in a reduced refrigeration load. According to the same study referenced above, LED 

lamps dissipate around 88%. The condensing unit energy use to dissipate heat produced by the installed 

LED lamps was calculated as: 

Hourly condensing unit demand due to LED heat out, kW = Installed case demand, 0.4 kW × Percent Heat 

loss, 88% × 3,412 BTU/hr/kW ÷ 12,000 BTU/hr/ton × Hourly condensing unit efficiency  

The demand in each hourly was summed to calculate the total annual condensing unit energy to reject 

heat loss from the LED fixtures. 

Savings 

The indirect electrical savings from the lighting retrofit were calculated as the difference between the 

pre-retrofit case T8 heat loss and the installed case heat loss.  The indirect electrical savings were 

calculated as: 

Annual condensing unit electrical savings, 960 kWh = Annual condensing unit energy to reject heat loss 

from T8, 2,353 kWh – Annual condensing unit energy to reject heat loss from LED, 1,393 kWh 

The total savings from the installation of efficient LED fixtures in the freezer and cooler cases was 

calculated to be: 

Annual kWh savings, 4,397 kWh = Annual pre-retrofit case lighting usage, 6,938 kWh - Annual installed 

lighting usage, 3,500 kWh + Indirect electric savings due to heat loss, 960 kWh 

Anti-Condensate Heater Controls 

Savings from anti-condensate heater controls were studied as a measure for freezer doors only, because 

before the retrofit was performed, there were no doors on the coolers and therefore no ACH. ACH was 

installed as a part of the cooler door installation, as they are integrated into the doors, so cooler ACH 

energy use is addressed in the discussion of the cooler door installation measure. 

Pre-Retrofit Case 

The average of the demand peaks of the metered load on the anti-condensate heaters is the pre-retrofit 

case demand for heater operation, as without any controls the heaters would run at peak load 

constantly. This load was metered as 11.87 A. The power consumption of the heaters is calculated 

below: 

Pre-retrofit heater demand, 1.42 kW = Input voltage, 120 V × Current draw, 11.87 A 

Installed Case 

The effect of installing controls on the freezer ACH heaters was calculated using long-term metering 

data. The controls ramp down the heater output when the store humidity is lower during the winter 
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months by quickly cycling the demand between maximum and low values. The average kW recorded 

during the metering period of 12/1/12 – 12/29/12 determined the demand for the winter months. 

During the summer months, the heaters operate at peak load, found by determining the average peak 

demand during the metering period and there are no savings from the controls. The plot below shows 

the load profile on the freezer ACH over one day: 

Chart 1: Freezer Anti-Condensate Heater Controls 

 

For the spring and fall seasons, data was extrapolated from the winter to the summer to find anti-

condensate heater load. It was assumed that the average heater load would ramp up in a linear fashion 

as temperature and humidity rose from February to June, and then with the same linear profile ramp 

back down from August to December. The table below shows the anti-condensate heater load profile 

over a year for both pre-retrofit and installed cases. 
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Table 5: Freezer Anti-Condensate Heater Controls Annual Savings 

Month 
Pre-

retrofit kW 

Installed 

kW 

Savings 

kW 
kWh Savings 

January 1.42 0.78 0.65 481 

February 1.42 0.78 0.65 435 

March 1.42 0.94 0.49 361 

April 1.42 1.10 0.32 233 

May 1.42 1.26 0.16 120 

June 1.42 1.42 0.00 0 

July 1.42 1.42 0.00 0 

August 1.42 1.42 0.00 0 

September 1.42 1.26 0.16 116 

October 1.42 1.10 0.32 241 

November 1.42 0.94 0.49 349 

December 1.42 0.78 0.65 481 

Annual kWh 
   

2,817 

Savings 

Monthly kWh savings were calculated as follows: 

Monthly Freezer ACH Savings, kW = 24 hours × Number of days in month × (Pre-retrofit case demand, 

1.42 kW – Installed case demand, kW, determined by month) 

The monthly freezer ACH savings are summed to get annual freezer ACH savings, 2,817 kWh. 

As well as contributing to direct electrical savings, the installation of controls on the freezer ACH also 

reduces load on the condensing unit. A sample calculation for the indirect electrical savings due to 

freezer ACH controls is provided below: 

Refrigeration demand reduction, kW = Controls installation demand reduction, kW ÷ 3.517 tons/kW × 

Condensing unit efficiency, kW/ton × ACH load factor, 35% 

Door Installation Savings 

Installed Case 

Installing doors on the open front cooler resulted in significant refrigeration savings. To calculate 

savings, a meter was installed by the evaluator on the condensing unit supplying cooling to the freezer 

and cooler cases. 

The typical load on the condensing unit was calculated based on the meter data. The current was 

recorded each minute from December 1, 2012, to December 29, 2012. Spot metering data provided 

values for voltage and power factor. Power was calculated for the long term metering by: 

Condensing unit demand, kW = Current, A × Average voltage, 218.3 V × Average power factor, 0.84 × 

Square root (3) 

Manufacturer’s performance data for the compressors and for a similar condenser was used to calculate 

the performance of the unit during the metering period based on the outdoor dry bulb temperature. 

Condensing unit load for each minute was calculated by: 

Condensing unit load, tons = Condensing unit demand, kW ÷ Condensing unit performance, kW/ton 

The average load for the metering period was adjusted for increased temperature and humidity inside 

the store in the summer months. The conditions in the store were assumed to range from 70°F and 30% 
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RH to 75°F and 55% RH. The proportional increase in temperature and humidity ratio differentials was 

used to determine a load factor based on wet bulb temperature. 

Table 6: Condensing Unit Load Factors due to Indoor Humidity 

Wet Bulb (°F) Load Factor (%) 
Condensing Unit 

Load (tons) 

64 274 4.44 

53 100 1.62 

The average load for the metering period was determined to be the typical load for the year, since 

interior store conditions and usage remains generally constant throughout the year. 

The total annual electric consumption for the condensing unit was calculated using an 8,760 hourly 

model for Worcester, MA, in 2011. Performance was determined in each hour based on outside dry bulb 

temperature. Condensing unit demand was determined in each hour by the following equation: 

Condensing unit demand, kW = Condensing unit load, 2.85 tons × Condensing unit performance, kW/ton 

Hourly condensing unit demand was summed over the year, resulting in an annual usage of 39,700 kWh. 

Based on a similar site metered by the evaluator where the cooler and freezers were served by separate 

condensing units, it was determined that 57% of the total condenser load is attributable to cooler usage. 

The cooler is larger in terms of physical size, having eight doors compared to the freezer’s six, and 

evaporator capacity, nine fans compared to six, so this result is expected.   

In the original TA study, the energy savings estimate came from a report in which the door vendor 

determined savings from cooler door installation by doing pre- and post-installation metering of cooler 

condensing unit usage. This was done at a sample store which had separate condensing units dedicated 

to the cooler and freezer cases. Refrigeration savings from the lighting retrofit and cooler ACH 

installation were captured by this metering; however the EC motor retrofit was likely not done before 

the post-installation metering. 

When evaluation metering was performed at site BS10386, the motor retrofit had already been 

performed. Therefore, in the evaluation analysis, savings in energy consumption due to installation of 

more efficient EC motors were subtracted from the cooler door installation savings.  As discussed in the 

section ‘EC Motor Savings’ above, 1/20 HP motors were replaced with larger 1/15 HP motors, so there is 

an increase in electric consumption due to the motor installation rather than savings. 

The installed case annual kWh was calculated as the following: 

Installed case electric use, 29,198 kWh = Annual condensing unit consumption, 39,700 kWh × Cooler 

condenser part demand, 57% × Store condition load factor, % – Cooler motor electric penalty, 

316 kWh 

The summer and winter load factor was taken into account in during this analysis, and with that factor 

the annual installed case electric use for the condensing unit is 29,198 kWh. 

As a consequence of installing doors on the open coolers, anti-condensate heaters were installed on the 

cooler doors. This is a penalty that is taken into account in the savings analysis. There were not 

supposed to be any controls installed on the cooler anti-condensate heaters due to their relatively low 

power draw, however for site BS10386 trend data suggested that controls had been installed. The same 

approach as the freezer ACH analysis is taken to calculate the cooler ACH penalty.  
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The cooler ACH controls operate in the same way as described in the section ’Anti-Condensate Heater 

Controls Installed Case’ above. Table 6 below shows yearly cooler ACH energy consumption. 

Table 7: Cooler Anti-Condensate Heater Controls Annual Penalty 

Month 
Pre-

retrofit 
Installed Savings kWh Savings 

January 0.00 0.42 -0.42 -314 

February 0.00 0.42 -0.42 -283 

March 0.00 0.44 -0.44 -328 

April 0.00 0.46 -0.46 -332 

May 0.00 0.48 -0.48 -358 

June 0.00 0.50 -0.50 -360 

July 0.00 0.50 -0.50 -372 

August 0.00 0.50 -0.50 -372 

September 0.00 0.48 -0.48 -346 

October 0.00 0.46 -0.46 -343 

November 0.00 0.44 -0.44 -318 

December 0.00 0.42 -0.42 -314 

Annual kWh 
   

-4,040 

A sample calculation for the hourly electric demand penalty due to cooler ACH installation is provided 

below. 

Cooler ACH demand penalty, -0.42 kW = Pre-retrofit ACH demand, 0.0 kW – (Installed ACH current draw, 

3.51 A × ACH input voltage, 120 V ÷ 1,000 W/1 kW) 

The monthly penalty was summed to calculate the annual energy use penalty of 4,040 kWh. 

The refrigeration penalty due to the installation of cooler door heaters is taken into account during the 

metering of the condensing unit, as the heaters were installed when the metering was performed. 

Pre-retrofit Case 

The door manufacturer reference study presents that the savings from installing doors on the open 

front cooler results in a 68% energy reduction. The metering done for the reference study takes into 

account the savings due to the installation of efficient LED fixtures as well as the necessary installation 

of anti-condensate heaters on the cooler doors. The 68% energy reduction therefore accounts for 

variations in refrigeration load due to these measures. Therefore, the pre-retrofit case condenser 

electric use is: 

Pre-retrofit case electric use 91,245 kWh = Installed case electric use, 29,198 kWh ÷ 32% 

Savings 

The annual electric savings due to the installation of doors on the open front cooler are calculated as 

follows: 

Annual Savings, 58,006 kWh = Annual pre-retrofit electric use, 91,245 kWh – Annual installed case electric 

use, 29,198 kWh – Cooler ACH penalty, 4,040 kWh 

Project Savings 

An 8,760 hourly model was used to determine savings in peak periods throughout the year. Energy use 

during peak hours was summed and then divided by the total annual savings to find the percent on-peak 
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savings. Similarly, the energy use during the summer and winter peak demand periods is divided by the 

total hours in each period to find the average peak demand reduction.  

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and evaluation 

analysis. Reasons for discrepancies are presented as well as their qualitative impacts on final project 

energy savings realization. The table below shows a savings comparison by measure type. All savings 

include both direct electrical and indirect refrigeration electrical savings. 

Table 8: Breakdown by End Use of Tracking and Evaluation Savings Results 

Savings Quantity Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Fan Savings (kWh) 13,648 (527) -4% 

Lighting Savings (kWh) 2,809 4,397 157% 

ACH Savings (kWh) unclear 3,245 - 

Door Savings (kWh) 36,135 58,006 161% 

 Below are comparisons of tracking and evaluation analysis inputs for each end use, broken out for the 

freezer and the cooler. 

Table 9: Comparison of Tracking and Evaluation Inputs for Evaporator Fan Savings 

Equip. Analysis Input 
Tracking 

Value 

Evaluation 

Value 

Evaluation ÷ 

Tracking 

F
re

e
ze

r Pre-retrofit fan motor demand (W) 768 307 40% 

Pre-retrofit fan motor hours/day 24 24 100% 

Installed fan motor demand (W) 414 324 78% 

Installed fan motor hours/day 24 24 100% 

C
o

o
le

r 

Pre-retrofit fan motor demand (W) 1,152 461 40% 

Pre-retrofit fan motor hours/day 24 24 100% 

Installed fan motor demand (W) 460 486 106% 

Installed fan motor hours/day  24 24 100% 

The tracking pre-retrofit case assumed that the existing motors were 1/15 HP. However as seen from 

the nameplate baseline, the actual existing motors were 1/20 HP, which accounts for the higher pre-

retrofit values in the tracking analysis when compared to the evaluation. When larger 1/15 HP EC 

motors were installed, the electric consumption of the motors increased. The tracking analysis also 

assumed that there were 10 fan motors in the cooler while only 9 were counted during evaluation. 

Table 10: Comparison of Tracking and Evaluation Inputs for Lighting Savings 

Analysis Input 
Tracking 

Value 

Evaluation 

Value 

Evaluation 

÷ Tracking 

Pre-retrofit lighting demand (W) 754 792 105% 

Pre-retrofit lighting hours 16 24 150% 

Installed lighting demand (W) 273 400 146% 

Installed lighting hours 16 24 150% 

The LED configuration along the cooler and freezer doors is the following: there is one single fixture on 

each end of each case unit, and in between doors there is a double fixture. The cooler consists of a five-

door and a three-door unit, and the freezer is composed of two sets of three-door units. It was assumed 

in the evaluation that before the retrofit, each freezer unit had one 59-W T8 lamp on each end and one 
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between each door, resulting in four lamps per unit or eight total, and that there were 10 32-W T8 

lamps lining the open cooler. The TA study only assumed 13 59-W lamps total, resulting in a lower pre-

retrofit lighting demand. 

Table 11: Comparison of Tracking and Evaluation Inputs for Freezer ACH Savings 

Analysis Input 
Tracking 

Value 

Evaluation 

Value 

Evaluation 

÷ Tracking 

Pre-retrofit ACH demand (W) unclear 1.4 - 

Pre-retrofit ACH hours 24 24 100% 

Installed ACH avg. demand (W) unclear 1.1 - 

The tracking analysis did not provide any information about savings from the installation of anti-

condensate heaters or controls.  

Table 12: Comparison of Tracking and Evaluation Inputs for Door Installation and Refrigeration Savings 

Equip. Analysis Input 
Tracking 

Value 

Evaluation 

Value 

Evaluation 

÷ Tracking 

F
re

e
ze

r 

Suction temperatures (°F) N/A -23 - 

 Avg. condensing unit performance (kW/ton) N/A 1.59 - 

C
o

o
le

r 

Cooler length (ft) N/A 20 - 

Suction temperatures (°F) N/A 18 - 

Avg. condensing unit performance (kW/ton) N/A 1.59 - 

Pre-retrofit case cooler daily energy use (kWh) 161 192 119% 

Pre-retrofit case cooler hours 24 24 100% 

Installed case cooler daily energy use (kWh) 52 61 118% 

Installed case cooler hours 24 24 100% 

Pre-retrofit ACH demand (W) N/A 0.0 - 

Pre-retrofit ACH hours N/A N/A - 

Installed ACH avg. demand (W) unclear 0.46 - 

The installed ACH demand for the cooler is a necessary penalty due to the addition of glass doors to the 

previously open front cooler. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 60,847 kWh. The evaluation estimates 

annual energy savings to be 65,122 kWh, resulting in an annual energy savings realization ratio of 107%. 

While fan motor savings were lower than the tracking value, savings from cooler door installation are 

higher and contributed to the increase in total annual energy reduction. 

The most significant effect on the evaluation energy savings is the installation of larger fan motors than 

the pre-retrofit case. This resulted in an electric penalty which decreased the overall savings.  

The savings from the installation of doors on the open front cooler are dependent on the actual load on 

the store’s condensing unit. The higher the load, the greater the potential for savings. Fluctuations in 

store and outdoor environment such as humidity, temperature, and frequency of freezer and cooler use 

can contribute to overall variation in savings between the tracking and evaluation analysis. Furthermore, 

many stores had 1/20 hp evaporator fan motors replaced with 1/15 hp motors, as discussed previously. 

If this was the case at the test site, and it had 1/20 hp fan motors installed during the metering period, 

the motors would contribute less to the condensing unit load than they do at the evaluation site. 
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The tracking analysis has no calculation of savings due to ACH controls installation, so the evaluation is 

not able to compare its analysis.  

The tracking analysis does not state what percentage of savings occurs during peak hours. The 

evaluation finds this value to be 48%; however the realization ratio cannot be calculated due to a lack of 

data.  

The summer demand peak reduction is estimated in the tracking analysis to be 6.95 kW. The evaluation 

estimates the summer demand peak power reduction to be 11.04 kW, resulting in a realization ratio of 

159%.  

The winter demand peak reduction is estimated in the tracking analysis to be 6.95 kW, and the 

evaluation found this value to be 5.80 kW, resulting in a realization ratio of 84%. 

Other reasons for discrepancies between the tracking and evaluation analyses cannot be identified due 

to the fact that it is not clear how the tracking savings were calculated. 
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SUMMARY 
This Business Solutions retail refrigeration project involved the implementation of an automatic control 
system for the evaporator fans and door heaters associated with four walk-in cooler/freezers located in a 
public high school. The project also replaced the existing standard motors on the 17 evaporator fans with 
electronically commutated (EC) motors.  

The project was categorized as new construction since it was one of several much larger measures that 
were implemented together as part of a major building renovation project.  While it is treated here in 
terms of new construction, it was implemented on previously existing casework. 

Table 1 summarizes the evaluation savings. The evaluated annual energy savings is less than the tracking 
estimate savings primarily due to unrealized reduction in the operating hours of seven of the evaporator 
fans.  These seven fans ran continuously throughout 2012 despite the implementation of new controllers 
because one of the controllers was manually bypassed by the high school staff. This unrealized savings 
reduced the overall savings by 19%. The TA’s assumptions for the refrigeration units’ and door heaters’ 
performance specifications contributed another 4% in overall savings reduction. And the TA’s 
assumption regarding the reduction in run time of the freezer door heaters is responsible for another 3% 
reduction. Assumptions made by the TA regarding the demand of the refrigeration unit compressors and 
the base case fans turned out to be conservative and therefore increased overall savings by approximately 
9%. 

Table 1: Savings Summary  

Savings Quantity 
Tracking  
Estimate 

Evaluated  
Savings 

Evaluated % of 
Tracking 

Annual Energy, kWh            21,730            18,075                       83.2% 

Percent Energy On-peak             N/A              4.6%             N/A 

Summer On-Peak kW               2.1              2.0                95.2% 

Winter On-Peak kW               2.1              2.1                     100% 

 

PROJECT DESCRIPTION 
This Business Solutions retail refrigeration project involved the implementation of an automatic control 
system for three existing walk-in freezers and one existing walk-in cooler located in a public high school. 
New control strategies include dewpoint control of the five door heaters on the three walk-in freezers, and 
temperature control of all 17 evaporator fans. The project also replaced the standard motors on the 
evaporator fans with electronically commutated (EC) motors.   

Savings are derived from three measures: 

1. Dewpoint control of five door heaters 

2. Temperature control of 17 evaporator fans 
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3. Replacement of 17 standard fan motors with electronically commutated (EC) motors  

The project was categorized as new construction since it was one of several much larger measures that 
were implemented together as part of a major building renovation project.  While it is treated here in 
terms of new construction, it was implemented on pre-existing equipment. 

Base Case Equipment and Operation 
Because this project is categorized as new construction, by definition the base case is hypothetical. 
However, for this particular project the equipment was implemented as a retrofit to existing equipment, so 
the base case equipment and operation that is described here (in the present tense) reflects the conditions 
that existed prior to the installation of the new energy-efficient equipment. The federal regulation 
requiring EC motors in all walk-in freezers/coolers did not take effect until January, 2012. 

The base case includes 17 standard motors to drive the evaporator fans.  The evaporator fans operate 
continuously except when the coils are being defrosted.  The 17 evaporator fans and their associated 
refrigeration units are divided between the three walk-in freezers and one walk-in cooler as follows: 

• The kitchen freezer is cooled by one evaporator unit containing three fans driven by permanent 
split capacitor (PSC) motors.  The evaporator is supplied with chilled refrigerant from a Heatcraft 
refrigeration unit located in the kitchen.  

• The kitchen cooler is cooled by two evaporator units. Each evaporator unit contains two fans 
driven by shaded pole motors.  The evaporator is supplied with chilled refrigerant from a 
Copeland refrigeration unit located in a small ventilated room in the basement. 

• The left-side downstairs freezer is cooled by two evaporator units. Each unit contains two fans 
driven by shaded pole motors. The evaporators are supplied with chilled refrigerant from a 
Heatcraft refrigeration unit located alongside the Copeland unit in the small basement room. 

• The right-side downstairs freezer is cooled by one large evaporator unit. The unit contains six 
fans driven by shaded pole motors. The evaporator is supplied with chilled refrigerant from a 
Heatcraft refrigeration unit located outdoors on the roof top. 

The compressors and condenser fans in the refrigeration units cycle to maintain the temperature in the 

downstairs freezers at 0°F, the kitchen freezer at 10°F, and the kitchen cooler at 37°F.  The operational 
hours of the compressors and condenser fans are assumed to be 4.6% greater than their corresponding 
counterparts in the installed case (the installed equipment operating hours were recorded by the new 
controllers as described in subsequent sections). The door heaters operate continuously. 

A list of base case equipment associated with each of the walk-in freezers/cooler is provided in the 
Appendix. Differences between the base case equipment used in this evaluation versus the base case 
assumed in the TA analysis are discussed in a later section. 
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Installed Case Equipment and Operation 
For the installed case the standard motors on the evaporator fans have been replaced with EC motors.  
Temperature sensors have been installed on the doors and in the spaces so that the door heaters can be 

cycled to maintain the doors 5°F above the space dewpoint.  Temperature sensors have been installed on 
the evaporator coils to sense when the evaporator coils are warm or cold so that the controller can turn off 
the evaporator fans when refrigerant flow stops.  As in the base case, the compressors and condenser fans 

in the refrigeration units cycle to maintain the temperature in the downstairs freezers at 0°F, the kitchen 

freezer at 10°F, and the kitchen cooler at 37°F.  Defrost schedules are unchanged from the base case. All 
of the fan and compressor motors along with the door heaters are controlled by two new controllers: one 
for the upstairs cooler and freezer, and one for the downstairs freezers. 

A list of the installed case equipment associated with each of the walk-in freezers/cooler is provided in 
the Appendix.  

The new controllers record the monthly operating hours of the fans, door heaters, and refrigeration units. 
The controller can be put into bypass mode by manually flipping a switch on the outside of the control 
box. When in bypass mode, the system bypasses the new controller and reverts to the base case control 
mode. The controllers record the hours per month that they operate in bypass mode.  The 2012 monthly 
operating hours used in this evaluation  are provided in the Appendix.   

 

TRACKING ANALYSIS  

Tracking Calculation Methodology 

The vendor performed spreadsheet calculations to derive the estimated savings for each of the measures.  
Assumptions for the equipment performance parameters were used to inform the calculations.  The final 
version of the spreadsheet was not provided to us for this evaluation; the older version that was provided 
did not match the savings shown in the project documentation. We modified some of the assumptions in 
the old version of the spreadsheet in order to match the annual energy savings published in the project 
documentation; the assumptions discussed here reflect these reverse-engineered assumptions. 

Savings from control of the door heaters were calculated based on the assumption that the proposed door 
heaters would run 33% of the time (compared to 100% for the base case) 

Direct savings attributable to proposed EC evaporator fan motors was calculated as simply the product of 
assumed proposed case operating hours (5490 hours/year) and the assumed reduction in load (40%) from 
the base case. Base case fan motor loads were calculated from assuming a load factor of 85% and a power 
factor of 55% along with the following design voltages and amperes: 13 single-phase 230V, 1.0-amp 
motors, and 4 single-phase 115V, 1.8-amp motors. 
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Direct savings associated with the cycling of the evaporator fans was calculated as the difference between 
the product of the base case fan demand and the assumed reduction in operating hours from the base case 
(8760 hours per year) to the proposed case (5490 hours per year) .   

Indirect savings from the reduced cooling load due to reduced fan demand and operating hours was based 
on an assumed compressor performance of 1.6  kW/ton. The duty cycle of the compressors was assumed 
to be 4732 hours per year.  

In addition to the above savings, savings due to the automatic controls was also included. This savings is 
assumed to represent the reduction in compressor run-time due to tighter controls. This savings was 
assumed to be 4.4% of the annual energy usage of the base case compressors. 

EVALUATION ANALYSIS 

Evaluation Methodology 
Spreadsheet calculations were also used for the evaluation analysis. The evaluation spreadsheet is 
populated with the base case and installed equipment data as shown above in Tables 3 and 4. The monthly 
energy usage for each piece of equipment, base case and installed, was calculated as the product of the 
respective run times and the associated equipment demand. An overall monthly usage profile was then 
calculated by summing the energy usage of all the fans, compressors, and freezer door heaters. Monthly 
demand profiles for the base case and installed case were calculated by dividing the energy usage by the 
total number of hours in the respective month. The monthly demand profiles were then used to define an 
annual demand profile. 

When SBW visited this site in late October, 2012, the evaluator found the upstairs controller in bypass 
mode. Even though the downloaded controller data shows that the upstairs controller was not bypassed 
during November and December of 2012, we have to assume that it was only switched out of bypass 
mode because of our visit. Therefore, for this analysis the upstairs controller is assumed to be bypassed 
for the entire year. 

Also, because we had no reason or evidence to refute the TA’s assumption that the new controls would 
save an additional 4.4% of base case compressor annual energy usage, we included this same assumption 
in our analysis. This was accounted for by setting the base case compressors’ run times equal to the 
installed run times divided by (1-.044). 

The indirect savings associated with the reduced cooling load due to reduced fan demand was calculated 
using the TAs assumed compressor performance of 1.6k W/ton.  

Baseline Verification 

The base case was verified by photographing the nameplates of the evaporator units and refrigeration 
units during the site inspection. The nameplate data was also double-checked against the manufacturers’ 
specifications found on-line. The manufacturers’ on-line specifications were used to calculate power 
factors. 
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Because this project did not involve changing any of the refrigeration unit equipment, we could verify 
base case performance parameters by taking spot measurements during the evaluation site visit (or from 
logged data). And although the base case fan motors were no longer on site, we assumed that the load 
factors measured on installed fans could be used for the base case fans. From the downloaded controller 
data, it’s evident that the new controllers came online in March, 2011. We assumed that the EC motors 
where installed around this same timeframe, which is prior to the date (1/1/2012) that federal regulation 
requires EC motors in walk-in freezers/coolers. 

The TA did not have the nameplate data for the evaporator fans, compressors or condensers fans. For the 
compressors the TA assumed each of the four three-phase motors to operate at 208 volts and 12 amps 
with a power factor of 0.85.  The associated condenser fan motors were assumed to be single-phase 
operating at 230 volts and 3.2 amps with a 0.85 power factor.   

Base case fan motor loads were calculated from assuming a load factor of 85% and a power factor of 55% 
along with the following design voltages and amperes: 13 single-phase 230V, 1.0-amp motors, and 4 
single-phase 115V, 1.8-amp motors. 

 

Key Savings Calculation Inputs 

� Inventory of all equipment relevant to the measures. 

� Door heaters, refrigeration units, and evaporator fans run times. 

� Base case and installed case equipment specifications. 

� Spot measurements and logged data from selected installed equipment. 

Evaluation Data Collection 

Nameplate data and spot kW was recorded for all the key parameters.  Short-term monitoring was 
performed according to the parameters outlined in Table 2. Data from the two new controllers was 
downloaded and emailed to SBW by the project vendor. 

Power draws for the downstairs left-side freezer evaporator units and refrigeration unit is shown (for a 2-
day period which is representative of the entire month) in the Appendix.  

Table 2: Equipment Monitored 

Equipment/ 
Parameter Metered 

Evaporators and 
Refrigeration Units 

Measurement Variable(s) Amps 

Measurement Equipment Magnelab CTs and HOBO 
Energy Pro datalogger 

Type of Measurement 
Equipment 

Multi-channel current 

Installation of Monitoring Clamp-On CTs 
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Equipment/ 
Parameter Metered 

Evaporators and 
Refrigeration Units 

Equipment 

Frequency of Observations 15 minutes, average 

Duration of Metering 1 month 

Metered by SBW/Electrician 

 

RESULTS 
Subtracting the installed case annual kW profile from the base case annual kW profile gave the overall 
savings profile. This overall savings profile was then used to calculate the peak demand and annual 
energy savings. The annual energy savings is 18,075 kWh, which is 83.2% of what the TA estimated in 
their analysis.  

Demand savings were calculated using the definitions of seasonal demand periods as defined by NSTAR. 

Table 3 summarizes the evaluation savings. 

Table 3: Evaluation Savings Summary 

Savings Quantity 
Tracking  
Estimate 

Evaluated  
Savings 

Evaluated % of 
Tracking 

Annual Energy, kWh            21,730            18,075                       83.2% 

Percent Energy On-peak             N/A 4.6% N/A 

Summer On-Peak kW               2.1              2.0                95.2% 

Winter On-Peak kW               2.1              2.1                     100% 

 

The reduction in energy savings between the tracking estimate and the evaluated savings is attributable to 
the following three factors. 

• The evaluation found that one of the new controllers was operating in bypass mode (i.e. new 
controls are bypassed and system reverts to base case operation); this accounted for a 19% 
reduction in the overall energy savings. 

• The TA’s assumptions for the refrigeration units’ and door heaters’ performance specifications 
contributed another 4% in overall savings reduction.  

• And the TA’s assumption regarding the reduction in run time of the freezer door heaters is 
responsible for another 3% reduction.  

• Assumptions made by the TA regarding the demand of the refrigeration unit compressors and the 
base case fans turned out to be conservative and therefore increased overall savings by 
approximately 9%. 

The annual energy savings of 18,075 kWh breaks down between the different energy consumers as 
follows: 44.9% is due to the cycling of the evaporator fans and the upgrade to EC motors, 42.9% of the 
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savings is due to indirect savings (i.e. reduced load on the remote compressors) and the reduced operating 
hours of the compressors due to the controllers, and 12.2% is due to the cycling of the freezer door 
heaters. 
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APPENDIX 
Table 4: Base Case Equipment  

Kitchen Freezer Kitchen Cooler Left Freezer Right Freezer

Evaporator Units

Manufacturer Trenton Heatcraft Heatcraft Heatcraft
Model TLP3 LSC104AK LSF090BK LSF240BK
No. of Units 1 2 2 1
Fan Motor PSC Shaded Pole Shaded Pole Shaded Pole
Fans per Unit 3 2 2 6
Total No. of Fans 3 4 4 6
Voltage 208 115 208 208
Phase 1 1 1 1
Power Factor 0.96 0.56 0.59 0.59
FLA per Unit 1.5 3.6 2.0 6.0
Load Factor 0.89 0.92 0.99 0.85
Total Demand (Watts) 267 427 484 623

Refrigeration Units

Manufacturer Heatcraft Copeland Heatcraft Heatcraft
Model CST 030L6C F3AD-B301-TFC-015 CHT 050X6C CZT 060L6CF
Location Kitchen Basement Basement Roof Top
Voltage 208 208 208 208
Phase 3 3 3 3
Power Factor 0.85 0.85 0.78 0.85
FLA* 12.5 13.1 20.3 23.1
Load Factor 1.00 0.41 0.60 1.00
Demand (Watts) 3828 1637 3394 7059

Door Heaters

No of Heaters 1 0 2 2
Voltage 120 n/a 120 120
FLA 1.13 n/a 1.13 1.13
Load Factor 1.00 n/a 0.79 0.95
Demand (Watts) 136 n/a 213 258

* Compressor + Condenser Fan(s)

Gray highlight indicates value is from manufacturer's specification sheet.
Yellow highlight indicates value is from a spot measuremen tand/ or logger data taken on installed equipment 
Blue highlight indicates value is unchanged from TA assumption

Upstairs Downstairs
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Table 5: Installed Case Equipment  

Kitchen Freezer Kitchen Cooler Left Freezer Right Freezer

Evaporator Units

Manufacturer Trenton Heatcraft Heatcraft Heatcraft
Model TLP3 LSC104AK LSF090BK LSF240BK
No. of Units 1 2 2 1
Fan Motor EC EC EC EC
Fans per Unit 3 2 2 6
Total No. of Fans 3 4 4 6
Voltage 212 123 206 208
Phase 1 1 1 1
Power Factor 0.56 0.74 0.53 0.57
FLA per Unit 1.8 1.8 1.0 3.0
Load Factor 0.89 0.92 0.99 0.85
Total Demand (Watts) 190 300 215 301

Refrigeration Units

Manufacturer Heatcraft Copeland Heatcraft Heatcraft
Model CST 030L6C F3AD-B301-TFC-015 CHT 050X6C CZT 060L6CF
Location Kitchen Basement Basement Roof top
Voltage 208 208 208 208
Phase 3 3 3 3
Power Factor 0.85 0.85 0.78 0.85
FLA* 12.5 13.1 20.3 23.05
Load Factor 1.00 0.41 0.60 1.00
Demand (Watts) 3828 1637 3394 7059

Door Heaters

No of Heaters 1 0 2 2
Voltage 120 n/a 120 120
FLA 1.13 n/a 1.13 1.13
Load Factor 1.00 n/a 0.79 0.95
Demand (Watts) 136 n/a 213 258

* Compressor + Condenser Fan(s)

Gray highlight indicates value is from manufacturer's specification sheet.
Yellow highlight indicates value is from a spot measurement and/or logger data taken on installed equipment 
Blue highlight indicates value is unchanged from TA assumption

Upstairs Downstairs
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Table 6: Installed Case Operating Hours 

EVAPORATOR FANS

Month
On Time

 (%)
On Time 

(hrs/mnth)
On Time

 (%)
On Time 

(hrs/mnth)
On Time

 (%)
On Time 

(hrs/mnth)
On Time

 (%)
On Time 

(hrs/mnth)
January 0.79 586 0.57 421 1.00 744 1.00 744
Febuary 0.80 538 0.57 385 1.00 672 1.00 672
March 0.83 614 0.60 443 1.00 744 1.00 744
April 0.79 567 0.62 448 1.00 720 1.00 720
May 0.87 645 0.67 501 1.00 744 1.00 744
June 0.89 638 0.70 504 1.00 720 1.00 720
July 0.93 695 0.76 563 1.00 744 1.00 744
August 0.93 695 0.75 561 1.00 744 1.00 744
September 0.92 662 0.71 513 1.00 720 1.00 720
October 0.91 675 0.68 504 1.00 744 1.00 744
November 0.84 607 0.62 450 1.00 720 1.00 720
December 0.83 618 0.62 459 1.00 744 1.00 744

7542 5751 8760 8760

FREEZER DOOR HEATERS

Month
On Time

 (%)
On Time 

(hrs/mnth)
On Time

 (%)
On Time 

(hrs/mnth)
On Time

 (%)
On Time 

(hrs/mnth)
On Time

 (%)
On Time 

(hrs/mnth)
January 0.35 264 0.43 317 1.00 744 n/a n/a
Febuary 0.36 243 0.41 273 1.00 672 n/a n/a
March 0.36 264 0.43 322 1.00 744 n/a n/a
April 0.35 252 0.44 316 1.00 720 n/a n/a
May 0.37 276 0.58 429 1.00 744 n/a n/a
June 0.35 252 0.75 537 1.00 720 n/a n/a
July 0.35 264 0.79 587 1.00 744 n/a n/a
August 0.36 265 0.76 567 1.00 744 n/a n/a
September 0.33 240 0.70 500 1.00 720 n/a n/a
October 0.37 276 0.52 384 1.00 744 n/a n/a
November 0.37 264 0.44 318 1.00 720 n/a n/a
December 0.34 252 0.43 320 1.00 744 n/a n/a

3112 4871 8760

REFRIGERATION UNITS

Month
On Time

 (%)
On Time 

(hrs/mnth)
On Time

 (%)
On Time 

(hrs/mnth)
On Time

 (%)
On Time 

(hrs/mnth)
On Time

 (%)
On Time 

(hrs/mnth)
January 0.76 563 0.47 346 0.58 432 0.20 148
Febuary 0.77 521 0.48 322 0.60 402 0.20 138
March 0.80 598 0.50 376 0.63 469 0.22 160
April 0.75 541 0.54 386 0.67 482 0.23 165
May 0.85 634 0.60 448 0.75 560 0.26 191
June 0.87 629 0.63 456 0.79 570 0.27 195
July 0.93 695 0.70 521 0.87 651 0.30 223
August 0.93 695 0.70 519 0.87 648 0.30 222
September 0.92 662 0.65 469 0.81 585 0.28 200
October 0.90 673 0.61 455 0.73 543 0.25 186
November 0.83 594 0.54 386 0.62 445 0.15 106
December 0.81 603 0.53 396 0.60 449 0.14 106

7408 5081 6236 2039

Downstairs Upstairs
Left Freezer Right Freezer Kitchen Freezer Kitchen Cooler

Downstairs Upstairs
Left Freezer Right Freezer Kitchen Freezer Kitchen Cooler

Downstairs Upstairs
Left Freezer Right Freezer Kitchen Freezer Kitchen Cooler

The hours highlighted in yellow indicate that the upstairs controller was bypassed for most of the 

year; this was confirmed during the site visit when the evaluator found the upstairs controller in 

bypass mode.  The evaporator fans and door heaters are therefore on 100% of the time, the 

refrigeration units operating hours for the bypassed months were estimated by assuming a similar 

monthly usage profile as the downstairs freezers. 
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Figure 1: Power Draw Trends for Downstairs Left Freezer 
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 Spikes in the evaporator units’ power draw correspond to the electric defrost cycles. Defrost cycles 

are unchanged from baseline and were not considered in the evaluation 
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Application ID: NSTAR BS10434 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

A small retail store completed refrigeration efficiency upgrades for its existing cooler and freezer 

displays. These upgrades included the installation of glass doors on open cooler displays, the 

replacement of refrigeration display case T-8 fluorescent lighting with LED lighting, the replacement of 

PSC evaporator motors with EC motors, and the installation of anti-condensate heater controls for the 

existing freezer glass doors. 

This application saves 101% of the energy originally estimated in the tracking analysis.  

Table 1: Summary of Tracking and Evaluation Savings Results 

Savings Quantity Tracking Value 
Evaluation 

Value 

Evaluation 

÷ Tracking 

Annual Energy Savings (kWh) 62,226 62,890 101% 

% Energy Savings On-Peak unknown 54% - 

Summer Peak Diversified kW Savings (FCM) 7.11 10.50 148% 

Winter Peak Diversified kW Savings (FCM) 7.11 7.32 103% 

Project Description 

The store is open 7 AM to 11 PM weekdays and 8 AM to 10 PM weekends. Prior to the completion of 

the project, the walk-in cooler had an open front and was refrigerated by evaporator units each served 

by a dedicated single-compressor condensing units. One compressor is referred to as the Tyler 

compressor, and the other is referred to as the cooler compressor. Each evaporator unit includes four 

PSC motors (eight total motors). 

The freezer was enclosed by doors, served by a separate single-compressor condensing unit, and a 

single evaporator with six PSC motors. The anti-condensate heater (ACH) in the freezer door ran 24 

hours per day at full power to prevent condensation. 

The cooler was illuminated by eight 32-W T8 fixtures, and the freezer contained six 59-W T8 lamps. 

These fixtures ran 24 hours per day. 

By installing doors on the coolers, refrigeration load was expected to be reduced due to lower 

infiltration. ACH heaters were installed as a part of the door installation in order to prevent 

condensation, and heater energy use partially offset the savings from the new doors. 

During door installation, the evaluator expected that the case fans would be disconnected because 

there was no need for an air curtain in the closed cases. A study performed at a representative store and 

used to determine door installation savings at all stores, however, has no mention of whether these fans 

were disabled. Upon visiting the site, the evaluator discovered that the case fans were still running. The 

tracking analysis also has no calculations or energy savings attributed to case fans, so the evaluation did 

not address possible savings due to their removal. 

Replacing both cooler and freezer fluorescent lighting with LED fixtures was expected to reduce electric 

demand and refrigeration load through the greater efficiency of the fixtures. 

Replacing PSC fan motors with EC motors was expected to reduce electric demand and refrigeration 

load. 
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Installing controls on the freezer anti-condensate heater (ACH) was expected to reduce electric demand 

by cycling the ACH between high and low power levels when the interior dew point is nominally below 

the surface temperature of the frames.  

Tracking Analysis 

This section describes the methodologies employed in the original energy study and discusses aspects of 

the methodology that had significant impacts on final energy savings estimates. The tracking analysis 

was not fully documented, so all of the savings inputs could not be confirmed. 

Tracking Calculation Methodology 

The tracking analysis used a combination of meter data and vendor specifications to estimate energy 

savings. Below is a list of the inputs to the tracking analysis and their sources. In reference to the 

analysis inputs, site information came from the store manager, and vendor specifications came from the 

equipment vendor or from equipment specification sheets. 

Table 2: Source of Tracking Analysis Inputs 

Tracking Analysis Input Pre-Retrofit Source Proposed Case Source 

Evaporator fan motor demand vendor specifications vendor specifications 

Evaporator fan motor hours site site 

Lighting demand vendor specifications vendor specifications 

Lighting hours site site 

Freezer ACH demand unclear unclear 

Freezer ACH hours site unclear 

Cooler ACH demand N/A unclear 

Cooler ACH hours N/A unclear 

Cooler compressor demand metering metering 

Cooler hours site site 

Savings are affected by: 1. EC motor installation, 2. LED Lighting installation, 3. Freezer ACH controls, and 

4. Door installation. 

1. PSC evaporator fan motors were replaced with EC motors. Evaporator fans are assumed to run 24 

hours a day in both the pre-retrofit and proposed cases. Using manufacturer’s data, savings were 

calculated according to the following equation: 

Motor energy savings, kWh = Pre-retrofit demand, kW × Pre-retrofit daily runtime, h - Proposed demand, 

kW × Proposed daily runtime, h 

2. Upgrading T-8 lighting to LED lighting was expected to reduce lighting electrical demand and 

refrigeration load. Lighting is assumed to run 18 hours per day in both the pre-retrofit and proposed 

cases, based on customer information and store schedule. Savings due to reduced lighting demand were 

found by: 

Lighting energy savings, kWh = Pre-retrofit demand, kW × Pre-retrofit daily runtime, h - Proposed 

demand, kW × Proposed daily runtime, h 

In order to calculate refrigeration savings, lighting data was most likely entered into the program that 

processes prescriptive applications, because this program would also estimate refrigeration savings. 

Then, the final savings number was included as part of the custom application, as opposed to being 

processed prescriptively. This, however, could not be confirmed. 

3. It is unclear from the application material how freezer ACH control savings were calculated. 
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4. Savings due to the installation of cooler doors were calculated by metering compressors serving a 

cooler in a sample store before and after the doors were installed and extrapolating the demand 

reduction across the entire year. The following equation was used to determine savings: 

Door installation savings, kWh = (Compressor kWh during pre-retrofit metering period, 5,161 kWh ÷ Pre-

retrofit metering period, 32 days – Compressor kWh during post-installation metering period, 

1,299 kWh ÷ Post-installation metering period, 25 days) × 365 days/years 

The application includes a penalty of 3,650 kWh that is not attributed to any source. The use of ACH or 

ACH controls is also not discussed, so this penalty could be due to the installation of ACH as a part of the 

door installation, but it is not clear from the documentation. 

Evaluation Methodology 

The evaluation confirmed the appropriateness of the values used in the tracking analysis though 

metering where possible, and it accounted for the refrigeration savings resulting from the reduction in 

electrical demand inside the cooler and freezer. Evaluation inputs include ACH, lighting, compressor, and 

EC motor demand and runtime, and condensing unit performance. The table below details the 

evaluation inputs and their sources. 

Table 3: Source of Evaluation Analysis Inputs 

Evaluation Analysis Input Pre-Retrofit Source Installed Source 

Evaporator fan motor demand vendor specifications spot metering 

Evaporator fan motor hours hobo—long-term metering hobo—long-term metering 

Lighting demand vendor specifications spot metering 

Lighting hours hobo—long-term metering hobo—long-term metering 

ACH demand spot metering spot metering 

ACH hours site N/A 

Cooler demand metering metering 

Refrigeration system performance manufacturer’s data manufacturer’s data 

Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 

Table 4: Summary of Evaluation Metering and Trend Data 

 
Condensing Unit +Evap Fan Lighting ACH 

Parameter Demand Runtime Demand Runtime Demand Runtime 

Meter Type 
Yokogawa 

Meter 

Hobo 

Logger 

Yokogawa 

Meter 

Hobo 

Logger 

Yokogawa 

Meter 

Hobo 

Logger 

Installation Temporary Temporary Temporary Temporary Temporary Temporary 

Observation 

Frequency 
One second One minute One second One minute 

One 

second 

One 

minute 

Metering Duration 
Five 

minutes 
One month Five minutes One month 

Five 

minutes 
One month 

Pre-retrofit or 

Installed 
Installed Installed Installed Installed Installed Installed 

Metered by Evaluator Evaluator Evaluator Evaluator Evaluator Evaluator 
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Evaluation Savings Analysis 

EC Motor Installation 

Pre-Retrofit Case 

The original motors installed in the evaporator fan units were 1/15 HP PSC motors. This was determined 

by the nameplate data on the unit. The evaporator fan motors associated with the cooler and freezer 

condensing units ran 8,760 hours annually, while the cooler evaporator fan motors served by the Tyler 

condensing unit cycled on and off with the condensing unit. This kept the freezer and cooler adequately 

refrigerated. The power factor was not available for the installed 1/15 HP motors, so the power factor 

from the cut sheet for similar 1/15 HP motors was used. The annual electric consumption for the pre-

retrofit case was calculated as: 

Annual electric use, 11,901 kWh = (Number of cooler and freezer motors, 10 × Full load amps, 1.1 A × 

Voltage, 120 V × Power factor, 0.53 × Annual runtime, 8,760 hours ÷ 1 kW/1,000 W) + (Number 

of Tyler motors, 4 × Full load amps, 1.1 A × Voltage, 120 V × Power factor, 0.53 × Annual runtime, 

271 hours ÷ 1 kW/1,000 W) 

Installed Case 

EC motor savings for the installed case were calculated using spot metered data directly at the motors at 

another evaluation site and extrapolating the data to all similar sites. Direct metering was not possible 

at this site. It was determined that the motors draw a consistent 0.44 amps per fan. The installed motors 

were observed to be 1/15 HP. The power factor could not be confirmed through spot metering, so the 

same value was used for the pre-retrofit PSC and the installed EC motors. The annual electric 

consumption for the installed case was calculated as: 

Annual electric use, 4,789 kWh = (Number of cooler and freezer motors, 10 × Current draw per motor, 

0.44 A × Voltage, 120 V × Power factor, 0.53 × Annual runtime, 8,760 hours ÷ 1 kW/1,000 W) + 

(Number of Tyler motors, 4 × Current draw per motor, 0.44 A × Voltage, 120 V × Power factor, 

0.53 × Annual runtime, 217 hours ÷ 1 kW/1,000 W) 

Savings 

The direct electrical savings from the installation of efficient EC fan motors are calculated below: 

Annual motor direct electrical savings, 7,113 kWh = Annual pre-retrofit electric use, 11,901 kWh – Annual 

installed case electric use, 4,789 kWh 

The savings due to EC motor installation not only contribute to direct electrical consumption but also 

indirect electrical consumption by the condensing unit. 100% of the energy savings from the fan motor 

retrofit contribute to the overall refrigeration savings.  To find the indirect electric savings, the 

condensing unit efficiency must be taken into account. An 8,760 hourly model was used to determine 

condensing unit performance throughout the year. The demand savings in one hour due to motor 

installation was found by: 

Refrigeration demand savings, kW = Motor retrofit demand savings, kW ÷ 3.517 tons/kW × Condensing 

unit efficiency, kW/ton × Motor load factor, 100% 

The demand savings were summed across all hours and added to the direct electrical savings to get the 

total annual energy savings from the installation of EC motors, 10,693 kWh. 
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LED Lighting Retrofit 

Pre-Retrofit Case 

The cooler pre-retrofit case lighting configuration as determined by the TA study varied significantly 

from pre-retrofit lighting description and metering performed for another TA study at a store in the 

same chain. Because the evaluator was not able to observe cooler pre-retrofit lighting first hand, a 

determination was made to use the pre-retrofit data from the other site. This site report had specific 

information on which types of fixtures were located where, and it also had meter data from several 

similar sites that confirmed the visual observation. Furthermore, the arrangement of lamps, eight 32-W 

T8 lamps along the edge of the case, was a more logical fit for the pre-retrofit space than the 

configuration in the tracking analysis for BS10434. 

The TA data for freezer lighting was used in part as the pre-retrofit case for the evaluation analysis. The 

power of the lamps, 59 W, indicated to have been installed in the pre-retrofit case was used in the 

evaluation analysis, but the TA analysis was unclear as to how many lamps were installed in the freezer 

specifically. The freezer is composed of one five-door unit, and it was assumed in the evaluation that the 

unit had one T8 lamp on each end and one between each door for a total of six fixtures. This data was 

confirmed in two ways. First, because the freezer doors existed before the retrofit, their nameplates 

gave current information on the pre-retrofit lights. This matched the TA data for lamp wattage. Second, 

it also aligned with the TA study description and meter data for the other site, as mentioned in the 

previous paragraph.  

The pre-retrofit case lighting energy use was calculated as: 

Annual pre-retrofit case lighting usage, 5,344 kWh = (Number of freezer fixtures, 6 × Freezer fixture 

wattage, 0.059 kW + Number of cooler fixtures, 8 × Cooler fixture wattage, 0.032 kW) × Annual 

runtime, 8,760 hours 

According to a 2009 study by the Institute of Electrical and Electronics Engineers, T8 fixtures release 

about 75% of input power as heat. This heat is released into the refrigerated case and therefore must be 

mitigated by the condensing unit. The condensing unit energy use to dissipate heat produced by the T8 

fixtures is calculated as: 

Hourly condensing unit demand due to T8 heat output, kW = (Number of freezer fixtures, 6 × Freezer 

fixture wattage, 0.059 kW + Number of cooler fixtures, 8 × Cooler fixture wattage, 0.032 kW) × 

Percent Heat loss, 75% × 3,412 BTU/hr/kW ÷ 12,000 BTU/hr/ton × condensing unit efficiency  

The demand in each hour was summed to calculate the total annual condensing unit energy to reject 

heat from the T8 fixtures. 

Installed Case 

LED lighting electric use for the installed case was calculated based on metered data. Through the use of 

spot metering at the circuit, it was determined that the total current for all cooler and freezer case 

lighting is 2.6 amps. This agrees with the amp specification indicated in the nameplate data. Long-term 

meter data showed that the lights run 24/7. Installed case lighting usage was then calculated to be: 

Annual installed lighting usage, 2,949 kWh = Lighting current, 2.8 amps × Voltage, 120 volts ÷1,000 W/kW 

× Annual runtime, 8,760 hours  

Installing LED lighting also affected the refrigeration load. LED lights dissipate more heat than the 

existing T8 fixtures as a fraction of input watts, but for the same light output, LEDs draw significantly less 

watts, resulting in a reduced refrigeration load. According to the same study referenced above, LED 
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lamps dissipate around 88%. The condensing unit energy use to dissipate heat produced by the installed 

LED lamps was calculated as: 

Hourly condensing unit demand due to LED heat out, kW = Installed case demand, 0.337 kW × Percent 

Heat loss, 88% × 3,412 BTU/hr/kW ÷ 12,000 BTU/hr/ton × Hourly condensing unit efficiency  

The demand in each hourly was summed to calculate the total annual condensing unit energy to reject 

heat loss from the LED fixtures. 

Savings 

The total savings from the installation of efficient LED fixtures in the freezer and cooler cases was 

calculated to be: 

Annual kWh savings, 3,267 kWh = Annual pre-retrofit case lighting usage, 5,344 kWh - Annual installed 

lighting usage, 2,949 kWh + Indirect electric savings due to heat loss, 872 kWh 

Anti-Condensate Heater Controls 

Savings from anti-condensate heater controls were studied as a measure for freezer doors only, because 

before the retrofit was performed, there were no doors on the coolers and therefore no ACH. ACH was 

installed as a part of the cooler door installation, as they are integrated into the doors, so cooler ACH 

energy use is addressed in the discussion of the cooler door installation measure. 

Pre-Retrofit Case 

The average of the demand peaks of the metered load (See Chart 1) on the anti-condensate heaters is 

the pre-retrofit case demand for heater operation, as without any controls the heaters would run at 

peak load constantly. This load was metered as 11.9 A. The power consumption of the heaters is 

calculated below: 

Pre-retrofit heater demand, 1.43 kW = Input voltage, 120 V × Current draw, 11.9 A 

Installed Case 

The effect of installing controls on the freezer ACH heaters was calculated using long-term metering 

data. The controls ramp down the heater output when the store humidity is lower during the winter 

months by quickly cycling the demand between maximum and low values. The average kW recorded 

during the metering period of 11/14/12 – 12/14/12 determined the demand for the winter months. 

During the summer months, the heaters operate at peak load, found by determining the average peak 

demand during the metering period, and there are no savings from the controls. The plot below shows 

the load profile on the freezer ACH over one day: 
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Chart 1: Freezer Anti-Condensate Heater Controls 

 

For the spring and fall seasons, data was extrapolated from the winter to the summer to find anti-

condensate heater load. It was assumed that the average heater load would ramp up in a linear fashion 

as temperature and humidity rose from February to June, and then with the same linear profile ramp 

back down from August to December. The table below shows the anti-condensate heater load profile 

over a year for both pre-retrofit and installed cases. 

Table 5: Freezer Anti-Condensate Heater Controls Annual Savings 

Month 
Pre-

retrofit kW 

Installed 

kW 

Savings 

kW 
kWh Savings 

January 1.43 0.90 0.53 392 

February 1.43 0.90 0.53 354  

March 1.43 1.03 0.40 294 

April 1.43 1.16 0.26 190 

May 1.43 1.30 0.13 98 

June 1.43 1.43 0.00 0 

July 1.43 1.43 0.00 0 

August 1.43 1.43 0.00 0 

September 1.43 1.30 0.13 95 

October 1.43 1.16 0.26 196 

November 1.43 1.03 0.40 28  

December 1.43 0.90 0.53 392  

Annual kWh 
   

2,300 

Savings 

Monthly kWh savings were calculated as follows: 

Monthly Freezer ACH Savings, kW = 24 hours × Number of days in month × (Pre-retrofit case demand, 

1.43 kW – Installed case demand, kW, determined by month) 

The monthly freezer ACH savings are summed to get annual freezer ACH savings, 2,300 kWh. 
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As well as contributing to direct electrical savings, the installation of controls on the freezer ACH also 

reduces load on the condensing unit. The indirect electrical savings in one hour due to freezer ACH 

controls were calculated by: 

Refrigeration demand reduction, kW = Controls installation demand reduction, kW ÷ 3.517 tons/kW × 

Condensing unit efficiency, kW/ton × ACH load factor, 35% 

The savings in each hour were summed to find the total condensing unit savings of 514 kWh. 

Annual savings due to the installation of ACH controls on the freezer were found by: 

Annual ACH control savings, 2,814 kWh = Direct ACH control savings, 2,300 kWh + Indirect ACH control 

savings, 514 kWh 

Door Installation Savings 

Installed Case 

Installing doors on the open front cooler resulted in significant refrigeration savings. To calculate 

savings, a meter was installed by the evaluator on the condensing units supplying cooling to the freezer 

and cooler cases. 

The typical load on the condensing units was calculated based on the meter data. The current of every 

unit was recorded each minute from November 14, 2012, to December 14, 2012. Spot metering data 

provided values for voltage and power factor. Demand was calculated from the long term metering by: 

Condensing unit demand, kW = Current, A × Average voltage, V × Average power factor × Square root (3) 

Manufacturer’s performance data for the compressors and for a similar condenser was used to calculate 

the performance of the unit during the metering period based on the outdoor dry bulb temperature. 

Condensing unit load for each minute was calculated by: 

Condensing unit load, tons = Condensing unit demand, kW ÷ Condensing unit performance, kW/ton 

The average load for the metering period was adjusted for increased temperature and humidity inside 

the store in the summer months. The conditions in the store were assumed to range from 70°F and 30% 

RH to 75°F and 55% RH. The proportional increase in temperature and humidity ratio differentials was 

used to determine a load factor based on wet bulb temperature. 

Table 6: Condensing Unit Load Factors due to Indoor Humidity 

Wet 

Bulb (°F) 

Load Factor (%) 
Condensing Unit 

Load (tons) 

Cooler Freezer Cooler Freezer 

64 274% 243% 4.06 5.27 

53 100% 100% 1.48 2.17 

The average load for the metering period was determined to be the typical load for the year, since 

interior store conditions and usage remains generally constant throughout the year. 

The total annual electric consumption for the condensing unit was calculated using an 8,760 hourly 

model for Worcester, MA, in 2011. Performance was determined in each hour based on outside dry bulb 

temperature. Cooler condensing unit demand was determined in each hour by the following equation: 

Cooler Condensing unit demand, kW = Condensing unit load, 1.48 tons × Condensing unit performance, 

kW/ton 

Hourly condensing unit demand was summed over the year, resulting in an annual usage of 19,697 kWh. 
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In the original TA study, the energy savings estimate came from a report in which the door vendor 

determined savings from cooler door installation by doing pre- and post-installation metering of cooler 

condensing unit usage. This was done at a sample store which had separate condensing units dedicated 

to the cooler and freezer cases, as is the case at site BS10434. Refrigeration savings from the lighting 

retrofit and cooler ACH installation were captured by this metering; however the EC motor retrofit was 

likely not done before the post-installation metering. 

When evaluation metering was performed at site BS10434, the motor retrofit had already been 

performed. Therefore, in the evaluation analysis, savings in energy consumption due to installation of 

more efficient EC motors were added to the installed case cooler condensing unit usage. 

The installed case annual kWh was calculated as the following: 

 Installed case electric use, 23,637 kWh = Annual cooler condensing unit consumption, 19,697 kWh + 

Cooler motor retrofit savings, 3,940 kWh 

As a consequence of installing doors on the open coolers, anti-condensate heaters were installed on the 

cooler doors. This is a penalty that is taken into account in the savings analysis. A sample calculation for 

the hourly electric demand penalty due to cooler ACH installation is provided below. 

Cooler ACH demand penalty, -0.5 kW = Pre-retrofit ACH demand, 0.0 kW – (Installed ACH current draw, 

4.2 A × ACH input voltage, 120 V ÷ 1,000 W/1 kW) 

The penalty was summed across all hours to calculate the annual energy use penalty of 4,384 kWh. 

The refrigeration penalty due to the installation of cooler door heaters is taken into account during the 

metering of the condensing unit, as the heaters were installed when the metering was performed. 

Pre-retrofit Case 

The door manufacturer reference study presents that the savings from installing doors on the open 

front cooler results in a 68% energy reduction. The metering done for the reference study takes into 

account the savings due to the installation of efficient LED fixtures as well as the necessary installation 

of anti-condensate heaters on the cooler doors. The 68% energy reduction therefore accounts for 

variations in refrigeration load due to these measures. Therefore, the pre-retrofit case condenser 

electric use is: 

Pre-retrofit case electric use, 73,867 kWh = Installed case electric use, 23,637 kWh ÷ 32% 

Savings 

The annual electric savings due to the installation of doors on the open front cooler are calculated as 

follows: 

Annual Savings, 45,846 kWh = Annual pre-retrofit electric use, 73,867 kWh – Annual installed case electric 

use, 23,637 kWh – Cooler ACH penalty, 4,384 kWh 

Project Savings 

An 8,760 hourly model was used to determine savings in peak periods throughout the year. Energy use 

during peak hours was summed and then divided by the total annual savings to find the percent on-peak 

savings. Similarly, the energy use during the summer and winter peak demand periods is divided by the 

total hours in each period to find the average peak demand reduction.  

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and evaluation 

analysis. Reasons for discrepancies are presented as well as their qualitative impacts on final project 
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energy savings realization. The table below shows a savings comparison by measure type. All savings 

include both direct electrical and indirect refrigeration electrical savings. 

Table 7: Breakdown by End Use of Tracking and Evaluation Savings Results 

Savings Quantity Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Fan Savings (kWh) 13,648 10,963 80% 

Lighting Savings (kWh) 4,376 3,267 75% 

ACH Savings (kWh) unclear 2,814 - 

Door Savings (kWh) 36,135 45,846 117% 

Below are comparisons of tracking and evaluation analysis inputs for each end use, broken out for the 

freezer and the cooler. 

Table 8: Comparison of Tracking and Evaluation Inputs for Evaporator Fan Savings 

Equipment Analysis Input Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

F
re

e
ze

r Pre-retrofit fan motor demand (W) 896 805 90% 

Pre-retrofit fan motor hours 24 24 100% 

Installed fan motor demand (W) 414 324 78% 

Installed fan motor hours 24 24 100% 

C
o

o
le

r 

Pre-retrofit fan motor demand (W) 1,024 1,074 105% 

Pre-retrofit fan motor hours 24 24 (.7 h Tyler) 100%/3% 

Installed fan motor demand (W) 460 432 94% 

Installed fan motor hours 24 24 (.7 h Tyler) 100%/3% 

The decrease in savings is primarily due to the decreased fan operating hours. The fans associated with 

the Tyler compressor do not run continuously, as those associated with the cooler compressor do, so 

the decreased in Tyler compressor operation led to a decrease in evaporator fan runtime as well. 

Table 9: Comparison of Tracking and Evaluation Inputs for Lighting Savings 

Analysis Input 
Tracking 

Value 

Evaluation 

Value 

Evaluation 

÷ Tracking 

Pre-retrofit lighting demand (W) 1,044 610 58% 

Pre-retrofit lighting hours 18 24 133% 

Installed lighting demand (W) 378 337 89% 

Installed lighting hours 18 24 133% 

The LED configuration along the cooler and freezer doors is as follows: there is one single fixture on each 

end of each case unit, and in between doors there is a double fixture. The cooler consists of one three-

door unit, one two door unit, and one single door unit, and the freezer is composed one five-door unit. 

It was assumed in the evaluation that before the retrofit, the freezer unit had one 59-W T8 lamp on each 

end and one between each door, resulting in six lamps total, and that there were eight 32-W T8 lamps 

lining the open cooler. The TA study only assumed 18 59-W lamps total, resulting in a lower pre-retrofit 

lighting demand. 
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Table 10: Comparison of Tracking and Evaluation Inputs for ACH Savings 

Equip. Analysis Input 
Tracking 

Value 

Evaluation 

Value 

Evaluation 

÷ Tracking 

F
re

e
ze

r Pre-retrofit ACH demand (kW) unclear 1.43 - 

Pre-retrofit ACH hours 24 24 100% 

Installed ACH avg. demand (kW) unclear 1.16 - 

The tracking analysis did not provide any information about savings from the installation of anti-

condensate heaters or controls.  

Table 11: Comparison of Tracking and Evaluation Inputs for Door Installation and Refrigeration Savings 

Equip. 
Analysis Input 

Tracking 

Value 

Evaluation 

Value 

Evaluation 

÷ Tracking 

F
re

e
ze

r Suction temperatures (°F) N/A -23 - 

Condensing unit performance (kW/ton) N/A 2.34 - 

C
o

o
le

r 

Cooler length (ft) N/A 20 - 

Suction temperatures (°F) N/A 18 - 

Condensing unit performance (kW/ton) N/A 1.27 - 

Pre-retrofit case cooler daily energy use (kWh) 161 175 108% 

Pre-retrofit case cooler hours 24 24 100% 

Installed case cooler daily energy use (kWh) 52 56 107% 

Installed case cooler hours 24 24 100% 

Pre-retrofit ACH demand (kW) N/A 0.0 - 

Pre-retrofit ACH hours N/A N/A - 

Installed ACH avg. demand (kW) unclear 0.50 - 

 

The installed ACH demand for the cooler is a necessary penalty due to the addition of glass doors to the 

previously open front cooler. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 62,226 kWh. The evaluation estimates 

annual energy savings to be 62,890 kWh, resulting in an annual energy savings realization ratio of 101%. 

While savings lighting savings and fan motor savings were lower than the tracking value, from cooler 

door installation are higher and contributed to the increase in total annual energy savings.    

The pre-retrofit case lighting demand in the open front cooler was determined to be smaller than the 

original TA’s assumption, and this resulted in lower savings due to the installation of LED fixtures on the 

cooler doors than originally calculated. 

The savings from the installation of doors on the open front cooler are dependent on the actual load on 

the store’s condensing unit, so a higher load has a greater potential for savings. Fluctuations in store and 

outdoor environment such as humidity, temperature, and frequency of freezer and cooler use can 

contribute to overall variation in savings between the tracking and evaluation analysis. Furthermore, 

many stores had 1/20 hp evaporator fan motors replaced with 1/15 hp motors. If this was the case at 

the test site, and it had 1/20 hp fan motors installed during the metering period, the motors would 

contribute less to the condensing unit load than they do at the evaluation site. 



Impact Evaluation of 2011 Custom Refrigeration/Motor/Other Installations Site 17 

Application BS10434  Page 12 

 

The tracking analysis has no calculation of savings due to ACH controls installation, so the evaluation is 

not able to compare its analysis.  

The tracking analysis does not state what percentage of savings occurs during peak hours. The 

evaluation finds this value to be 54%; however the realization ratio cannot be calculated due to a lack of 

data.  

The summer demand peak reduction is estimated in the tracking analysis to be 7.11 kW. The evaluation 

estimates the summer demand peak power reduction to be 10.50 kW, resulting in a realization ratio of 

148%.  

The winter demand peak reduction is estimated in the tracking analysis to be 7.11 kW, and the 

evaluation found this value to be 7.32 kW, resulting in a realization ratio of 103%. 
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Application ID: NSTAR BS10435 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

A small retail store completed refrigeration efficiency upgrades for its existing cooler and freezer 

displays. These upgrades included the installation of glass doors on open cooler displays, the 

replacement of refrigeration display case T-8 fluorescent lighting with LED lighting, the replacement of 

PSC evaporator motors with EC motors, and the installation of anti-condensate heater controls for the 

existing freezer glass doors. 

This application saves 109% of the energy originally estimated in the tracking analysis. The primary 

reasons for the decrease in savings are overestimated lighting retrofit savings and the installation of 

larger motors than the existing case. Results are presented in Table 1 below. 

Table 1: Summary of Tracking and Evaluation Savings Results 

Savings Quantity Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Annual Energy Savings (kWh) 62,226 68,047 109% 

% Energy Savings On-Peak unknown 48% - 

Summer Peak Diversified kW Savings 7.11 11.65 164% 

Winter Peak Diversified kW Savings 7.11 5.97 84% 

Project Description 

The store is open 18 hours daily, 364 days per year. Prior to the completion of the project, the walk-in 

cooler had an open front and was refrigerated by the chain’s standard three-compressor condensing 

unit. Two evaporator units with a total of nine PSC motors served the cooler. An air-curtain created by 

fans at the case front was used to minimize infiltration. 

The freezer was enclosed by doors, served by the same condensing unit, and had two evaporators with a 

total of six PSC motors. The anti-condensate heater (ACH) in the freezer door ran 24 hours per day at full 

power to prevent condensation. 

The cooler was illuminated by ten 32-W T8 fixtures, and the freezer contained eight 59-W T8 lamps. 

These fixtures ran 24 hours per day. 

By installing doors on the coolers, refrigeration load was expected to be reduced due to lower 

infiltration. ACH heaters with controls were installed as a part of the door installation in order to prevent 

condensation, and this resulted in an energy savings penalty. 

During door installation, the evaluator expected that the case fans be disconnected because there was 

no need for an air curtain in the closed cases. However the Anthony International study in Lake Zurich 

has no mention of whether these fans were disabled, and upon visiting the site the evaluator discovered 

that the case fans were still running. The tracking analysis also has no calculations or energy savings 

attributed to case fans, so the evaluation was unable to address possible savings due to their removal. 

Replacing both cooler and freezer fluorescent lighting with LED fixtures was expected to reduce electric 

demand and refrigeration load through the greater efficiency of the fixtures.  

Replacing PSC fan motors with EC motors was expected to reduce electric demand and refrigeration 

load. 
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Installing controls on the freezer anti-condensate heater (ACH) was expected to reduce electric demand 

by cycling the ACH between high and low power levels when the interior dew point is nominally below 

the surface temperature of the frames.  

Tracking Analysis 

This section describes the methodologies employed in the original energy study and discusses aspects of 

the methodology that had significant impacts on final energy savings estimates. Minimal documentation 

was included with the tracking analysis, so all of the savings inputs could not be confirmed. 

Tracking Calculation Methodology 

The tracking analysis used a combination of meter data and vendor specifications to estimate energy 

savings. Below is a list of the inputs to the tracking analysis and their sources. In reference to the 

analysis inputs, site information came from the store manager, and vendor specifications came from the 

equipment vendor or from equipment specification sheets. 

Table 2: Source of Tracking Analysis Inputs 

Tracking Analysis Input Existing Source Proposed Case Source 

Evaporator fan motor demand vendor specifications vendor specifications 

Evaporator fan motor hours site site 

Lighting demand vendor specifications vendor specifications 

Lighting hours site site 

Freezer ACH demand unclear unclear 

Freezer ACH hours site unclear 

Cooler ACH demand N/A unclear 

Cooler ACH hours N/A unclear 

Cooler compressor demand metering metering 

Cooler hours site site 

Savings are affected by: 1. EC motor installation, 2. LED Lighting installation, 3. Freezer ACH controls, and 

4. Door installation. 

1. PSC evaporator fan motors were replaced with EC motors. Evaporator fans are assumed to run 24 

hours a day in both the pre-retrofit and proposed cases. Using manufacturer’s data, savings were 

calculated according to the following equation: 

Motor energy savings, kWh = Pre-retrofit demand, kW × Pre-retrofit daily runtime, h - Proposed demand, 

kW × Proposed daily runtime, h 

2. Upgrading T-8 lighting to LED lighting was expected to reduce lighting electrical demand and 

refrigeration load. Lighting is assumed to run 18 hours per day in both the pre-retrofit and proposed 

cases, based on customer information and store schedule. Savings due to reduced lighting demand were 

found by: 

Lighting energy savings, kWh = Pre-retrofit demand, kW × Pre-retrofit daily runtime, h - Proposed 

demand, kW × Proposed daily runtime, h 

In order to calculate refrigeration savings, lighting data was most likely entered into the program that 

processes prescriptive applications, because this program would also estimate refrigeration savings. 

Then, the final savings number was included as part of the custom application, as opposed to being 

processed prescriptively. This, however, could not be confirmed. 

3. It is unclear from the application material how freezer ACH control savings were calculated. 
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4. Savings due to the installation of cooler doors were calculated by metering compressors serving a 

cooler in a sample store before and after the doors were installed and extrapolating the demand 

reduction across the entire year. The following equation was used to determine savings: 

Door installation savings, kWh = (Compressor kWh during pre-retrofit metering period, 5,161 kWh ÷ Pre-

retrofit metering period, 32 days – Compressor kWh during post-installation metering period, 

1,299 kWh ÷ Post-installation metering period, 25 days) × 365 days/years 

The application includes a penalty of 3,650 kWh that is not attributed to any source. The use of ACH or 

ACH controls is also not discussed, so this penalty could be due to the installation of ACH as a part of the 

door installation, but it is not clear from the documentation. 

Evaluation Methodology 

The evaluation confirmed the appropriateness of the values used in the tracking analysis though 

metering where possible, and it accounted for the refrigeration savings resulting from the reduction in 

electrical demand inside the freezer. Evaluation inputs include ACH, lighting, compressor, and EC motor 

demand and runtime, and condensing unit performance. The table below details the evaluation inputs 

and their sources. 

Table 3: Source of Evaluation Analysis Inputs 

Evaluation Analysis Input Pre-Retrofit Source Installed Source 

Evaporator fan motor demand adj. vendor specifications spot metering 

Evaporator fan motor hours hobo—long-term metering hobo—long-term metering 

Lighting demand vendor specifications spot metering 

Lighting hours hobo—long-term metering hobo—long-term metering 

ACH demand spot metering spot metering 

ACH hours site spot metering 

Condensing unit demand long-term and spot metering long-term and spot metering 

Refrigeration system performance manufacturer’s data manufacturer’s data 

Refrigeration savings due to reduction in motor, lighting, and ACH demand were to be calculated 

according to the equation below: 

Refrigeration savings, kW = Demand savings, kW × load factor × Refrigeration system performance, 

kW/ton 

The load factor indicates how much of the demand of the specific end use results in heat that must be 

rejected by the refrigeration system and will be particular to the type of demand reduction. The load 

factor for the motor and lighting savings will be 100%, since all motor and lighting heat is released into 

the cooler or freezer in which it is located. The ACH load factor will be 35%, in accordance with ASHRAE 

paper D-5993-20100303 “Anti-Sweat Heaters in Refrigerated Display Cases” 

Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 
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Table 4: Summary of Evaluation Metering and Trend Data 

 
Evaporator Fan Motor Lighting ACH 

Parameter Demand Runtime Demand Runtime Demand Runtime 

Meter Type Yokogawa Meter Hobo Logger Yokogawa Meter Hobo Logger Yokogawa Meter Hobo Logger 

Installation Temporary Temporary Temporary Temporary Temporary Temporary 

Observation Frequency One second One minute One second One minute One second One minute 

Metering Duration Five minutes One month Five minutes One month Five minutes One month 

Pre-retrofit or Installed Installed Installed Installed Installed Installed Installed 

Metered by Evaluator Evaluator Evaluator Evaluator Evaluator Evaluator 

 Evaluation Savings Analysis 

EC Motor Installation 

Pre-Retrofit Case 

The original motors installed in the evaporator fan units were 1/20 HP PSC motors. This was determined 

by the nameplate data on the unit. The TA assumed 1/15 HP fans, but no documentation was provided 

for this. These motors ran 8,760 hours annually to keep the freezer and cooler adequately refrigerated. 

The power factor was not available for the 1/20 HP motors, so the power factor from the cut sheet for 

similar 1/15 HP motors was used. The annual electric consumption for the pre-retrofit case was 

calculated as: 

Annual electric use, 6,733 kWh = Number of motors, 15 × Full load amps, 0.42 A × Voltage, 120 V × Power 

factor, 0.53 × Annual runtime, 8,760 hours ÷ 1 kW/1,000 W 

Installed Case 

EC motor savings for the installed case were calculated using spot metered data directly at the motors at 

another evaluation site and extrapolating the data to all similar sites. The direct metering was not 

possible at this site. It was determined that the motors draw a consistent 0.44 amps per fan. The 

installed motors were observed to be 1/15 HP. The power factor could not be confirmed through spot 

metering, so the same value was used for the pre-retrofit PSC and the installed EC motors. The annual 

electric consumption for the installed case was calculated as: 

Annual electric use, 7,096 kWh = Number of motors, 15 × Current draw per motor, 0.44 A × Voltage, 120 V 

× Power factor, 0.53 × Annual runtime, 8,760 hours ÷ 1 kW/1,000 W 

Savings 

Several stores in the chain were upgraded simultaneously, and 1/15 hp motors were installed at every 

site, regardless of whether the store had previously had 1/15 or 1/20 hp motors. The site contact was 

not aware of any reason why the size increase was necessary, and stated that 1/20 hp motors are now 

being installed when similar upgrades are performed at other chain locations. This leads the evaluator to 

the conclusion that the size increase was not necessary. 

Due to the fact that the installed motors are larger than the existing, there is a savings penalty 

attributed to the motor retrofit. This penalty is calculated as: 

Annual motor retrofit penalty, 363 kWh = Annual pre-retrofit electric use, 6,733 kWh – Annual installed 

case electric use, 7,096 kWh 

100% of the energy savings from the fan motor retrofit contribute to the overall refrigeration savings. 

The penalty due to larger motor installation not only contributes to direct electrical consumption but 

also indirect electrical consumption by the condensing unit. To find the indirect electric penalty, the 
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condensing unit efficiency must be taken into account. An 8,760 hourly model was used to determine 

condensing unit performance throughout the year. The demand penalty in one bin hour due to motor 

installation was found by: 

Refrigeration demand penalty, kW = Motor retrofit demand penalty, kW ÷ 3.517 tons/kW × Condensing 

unit efficiency, kW/ton × Motor load factor, 100% 

The demand penalty was summed across all bin hours to get the total annual refrigeration energy 

penalty: 98 kWh for cooler motors and 66 kWh for freezer motors. 

LED Lighting Retrofit 

Pre-Retrofit Case 

The cooler pre-retrofit case lighting configuration as determined by the TA study varied significantly 

from pre-retrofit lighting description and metering performed for another TA study at a store in the 

same chain. Because the evaluator was not able to observe cooler pre-retrofit lighting first hand, a 

determination was made to use the pre-retrofit data from the other site. This site report had specific 

information on which types of fixtures were located where, and it also had meter data from several 

similar sites that confirmed the visual operation. Furthermore, the arrangement of lamps, ten 32-W T8 

lamps along the edge of the car, was a more logical fit for the pre-retrofit space than the configuration 

in the tracking analysis for BS10435. 

The TA data for freezer lighting was used in part as the pre-retrofit case for the evaluation analysis. The 

size of the lamps indicated to have been installed in the pre-retrofit case was used in the evaluation 

analysis, but the evaluation analysis assumed eight 59-W T8 lamps total in the freezer, as opposed to 

five in the TA analysis. The freezer is composed of two sets of three-door units, and it was assumed in 

the evaluation that each unit had one T8 lamp on each end and one between each door, resulting in 

four lamps per unit. 

This data was confirmed in two ways. First, because the freezer doors existed before the retrofit, their 

nameplates gave current information on the pre-retrofit lights. This matched the TA data for lamp 

wattage. Second, it also aligned with the TA study description and meter data for the other site, as 

mentioned in the previous paragraph.  

The pre-retrofit case lighting was calculated as: 

Annual pre-retrofit case lighting usage, 6,938 kWh = (Number of freezer fixtures, 8 × Freezer fixture 

wattage, 0.059 kW + Number of cooler fixtures, 10 × Cooler fixture wattage, 0.032 kW) × Annual 

runtime, 8,760 hours 

According to a 2009 study by the Institute of Electrical and Electronics Engineers, T8 fixtures release 

about 75% of input power as heat. This heat is released into the refrigerated case and therefore must be 

mitigated by the condensing unit. The condensing unit energy use to dissipate heat produced by the T8 

fixtures is calculated as: 

Hourly condensing unit demand due to T8 heat output, kW = (Number of freezer fixtures, 8 × Freezer 

fixture wattage, 0.059 kW + Number of cooler fixtures, 10 × Cooler fixture wattage, 0.032 kW) × 

Percent Heat loss, 75% × 3,412 BTU/hr/kW ÷ 12,000 BTU/hr/ton × condensing unit efficiency  

The demand in each hourly bin was summed to calculate the total annual condensing unit energy to 

reject heat loss from the T8 fixtures. 
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Installed Case 

LED lighting electric use for the installed case was calculated based on metered data. Through the use of 

spot metering at the circuit, it was determined that the total current for all of the case lighting is 3.3 

amps. This agrees with the amp specification indicated in the nameplate data. Long-term meter data 

showed that the lights run 24/7. Installed case lighting usage was then calculated to be: 

Annual installed lighting usage, 3,500 kWh = Lighting current, 3.3 amps × Voltage, 120 volts ÷1,000 W/kW 

× Annual runtime, 8,760 hours  

Installing LED lighting also affected the refrigeration load. LED lights dissipate more heat than the 

existing T8 fixtures as a fraction of input watts, but for the same light output, LEDs draw significantly less 

watts, resulting in a reduced refrigeration load. According to the same study referenced above, LED 

lamps dissipate around 88%. The condensing unit energy use to dissipate heat produced by the installed 

LED lamps was calculated as: 

Hourly condensing unit demand due to LED heat out, kW = Installed case demand, 0.4 kW × Percent Heat 

loss, 88% × 3,412 BTU/hr/kW ÷ 12,000 BTU/hr/ton × Bin condensing unit efficiency  

The demand in each hourly bin was summed to calculate the total annual condensing unit energy to 

reject heat loss from the LED fixtures. 

Savings 

The indirect electrical savings from the lighting retrofit were calculated as the difference between the 

pre-retrofit case T8 heat loss and the installed case heat loss.  The indirect electrical savings were 

calculated as: 

Condensing unit demand savings, kW = Power reduction due to heat loss, 827 BTU/hr ÷ 12,000 

BTU/hr/ton × Bin condensing unit efficiency, kW/ton  

The demand savings for each hourly bin were summed to get annual condensing unit electric savings, 

960 kWh. 

The total savings from the installation of efficient LED fixtures in the freezer and cooler cases was 

calculated to be: 

Annual kWh savings, 4,397 kWh = Annual pre-retrofit case lighting usage, 6,938 kWh - Annual installed 

lighting usage, 3,500 kWh + Indirect electric savings due to heat loss, 960 kWh 

Anti-Condensate Heater Controls 

Savings from anti-condensate heater controls were studied as a measure for freezer doors only, because 

before the retrofit was performed, there were no doors on the coolers and therefore no ACH. ACH was 

installed as a part of the cooler door installation, as they are integrated into the doors, so cooler ACH 

energy use is addressed in the discussion of the cooler door installation measure. 

Pre-Retrofit Case 

The average of the demand peaks of the metered load on the anti-condensate heaters is the pre-retrofit 

case demand for heater operation, as without any controls the heaters would run at peak load 

constantly. This load was metered as 12.05 A. The power consumption of the heaters is calculated 

below: 

Pre-retrofit heater demand, 1.45 kW = Input voltage, 120 V × Current draw, 12.05 A 
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Installed Case 

The effect of installing controls on the freezer ACH heaters was calculated using long-term metering 

data. The controls ramp down the heater output when the store humidity is lower during the winter 

months by quickly cycling the demand between maximum and low values. The average kW recorded 

during the metering period of 11/29/12 – 12/29/12 determined the demand for the winter months. 

During the summer months, the heaters operate at peak load, found by determining the average peak 

demand during the metering period and there are no savings from the controls. The plot below shows 

the load profile on the freezer ACH over one day: 

Chart 1: Freezer Anti-Condensate Heater Controls 

 

For the spring and fall seasons, data was extrapolated from the winter to the summer to find anti-

condensate heater load. It was assumed that the average heater load would ramp up in a linear fashion 

as temperature and humidity rose from February to June, and then with the same linear profile ramp 

back down from August to December. The table below shows the anti-condensate heater load profile 

over a year for both pre-retrofit and installed cases. 
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Table 5: Freezer Anti-Condensate Heater Controls Annual Savings 

Month 
Pre-

retrofit 
Installed Savings 

kWh 

Savings 

January 1.45 0.84 0.61 455 

February 1.45 0.84 0.61 411 

March 1.45 0.99 0.46 341 

April 1.45 1.14 0.31 220 

May 1.45 1.29 0.15 114 

June 1.45 1.45 0.00 0 

July 1.45 1.45 0.00 0 

August 1.45 1.45 0.00 0 

September 1.45 1.29 0.15 110 

October 1.45 1.14 0.31 227 

November 1.45 0.99 0.46 330 

December 1.45 0.84 0.61 455 

Annual kWh 
   

   2,661  

Savings 

Monthly kWh savings were calculated as follows: 

Monthly Freezer ACH Savings, kW = 24 hours × Number of days in month × (Pre-retrofit case demand, 

1.45 kW – Installed case demand, kW, determined by month) 

The monthly freezer ACH savings are summed to get annual freezer ACH savings, 2,817 kWh. 

As well as contributing to direct electrical savings, the installation of controls on the freezer ACH also 

reduces load on the condensing unit. A sample calculation for the indirect electrical savings due to 

freezer ACH controls is provided below: 

Refrigeration demand reduction, kW = Controls installation demand reduction, kW ÷ 3.517 tons/kW × 

Condensing unit efficiency, kW/ton × ACH load factor, 35% 

Door Installation Savings 

Installed Case 

Installing doors on the open front cooler resulted in significant refrigeration savings. To calculate 

savings, a meter was installed by the evaluator on the condensing unit supplying cooling to the freezer 

and cooler cases. 

The typical load on the condensing unit was calculated based on the meter data. The current was 

recorded each minute from November 29, 2012, to December 29, 2012. Spot metering data provided 

values for voltage and power factor. Power was calculated each minute by: 

Condensing unit demand, kW = Current, A × Average voltage, 214 V × Average power factor, 0.85 × Square 

root (3) 

Manufacturer’s performance data for the compressors and for a similar condenser was used to calculate 

the performance of the unit during the metering period based on the outdoor dry bulb temperature. 

Condensing unit load for each minute was calculated by: 

Condensing unit load, tons = Condensing unit demand, kW ÷ Condensing unit performance, kW/ton 

The average load for the metering period was adjusted for increased temperature and humidity inside 

the store in the summer months. The conditions in the store were assumed to range from 70°F and 30% 
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RH to 75°F and 55% RH. The proportional increase in temperature and humidity ratio differentials was 

used to determine a load factor based on wet bulb temperature. 

Table 6: Condensing Unit Load Factors due to Indoor Humidity 

Wet Bulb (°F) Load Factor (%) 
Condensing Unit 

Load (tons) 

64 274 4.69 

53 100 1.71 

The average load for the metering period was determined to be the typical load for the year, since 

interior store conditions and usage remains generally constant throughout the year. 

The total annual electric consumption for the condensing unit was calculated using an 8,760 hourly 

model for Worcester, MA, in 2011. Performance was determined in each hour based on outside dry bulb 

temperature. Condensing unit demand was determined in each hour by the following equation: 

Condensing unit demand, kW = Condensing unit load, 3.01 tons × Condensing unit performance, kW/ton 

Hourly condensing unit demand was summed over the year, resulting in an annual usage of 41,883 kWh. 

Based on a similar site metered by the evaluator where the cooler and freezers were served by separate 

condensing units, it was determined that 57% of the total condenser load is attributable to cooler usage. 

The cooler is larger in terms of physical size, having eight doors compared to the freezer’s six, and 

evaporator capacity, nine fans compared to six, so this result is expected.   

In the original TA study, the energy savings estimate came from a report in which the door vendor 

determined savings from cooler door installation by doing pre- and post-installation metering of cooler 

condensing unit usage. This was done at a sample store which had separate condensing units dedicated 

to the cooler and freezer cases. Refrigeration savings from the lighting retrofit and cooler ACH 

installation were captured by this metering; however the EC motor retrofit was likely not done before 

the post-installation metering. 

When evaluation metering was performed at site BS10435, the motor retrofit had already been 

performed. Therefore, in the evaluation analysis, savings in energy consumption due to installation of 

more efficient EC motors were subtracted from the cooler door installation savings.  As discussed in the 

section ‘EC Motor Savings’ above, 1/20 HP motors were replaced with larger 1/15 HP motors, so there is 

an increase in electric consumption due to the motor installation rather than savings. 

The installed case annual kWh was calculated as the following: 

Installed case electric use, 30,821 kWh = Annual condensing unit consumption, 41,883 kWh × Cooler 

condenser part demand, 57% × Store condition load factor, % – Cooler motor electric penalty, 

316 kWh 

As a consequence of installing doors on the open coolers, anti-condensate heaters were installed on the 

cooler doors. This is a penalty that is taken into account in the savings analysis. There were not 

supposed to be any controls installed on the cooler anti-condensate heaters due to their relatively low 

power draw, and this was confirmed through metering. 

A sample calculation for the hourly electric demand penalty due to cooler ACH installation is provided 

below. 
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Cooler ACH demand penalty, -0.50 kW = Pre-retrofit ACH demand, 0.0 kW – (Installed ACH current draw, 

4.17 A × ACH input voltage, 120 V ÷ 1,000 W/1 kW) 

The monthly penalty was summed to calculate the annual energy use penalty of 4,383 kWh. 

The refrigeration penalty due to the installation of cooler door heaters is taken into account during the 

metering of the condensing unit, as the heaters were installed when the metering was performed. 

Pre-retrofit Case 

The door manufacturer reference study presents that the savings from installing doors on the open 

front cooler results in a 68% energy reduction. The metering done for the reference study takes into 

account the savings due to the installation of efficient LED fixtures as well as the necessary installation 

of anti-condensate heaters on the cooler doors. The 68% energy reduction therefore accounts for 

variations in refrigeration load due to these measures. Therefore, the pre-retrofit case condenser 

electric use is: 

Pre-retrofit case electric use, 96,316 kWh = Installed case electric use, 30,821 kWh ÷ 32% 

Savings 

The annual electric savings due to the installation of doors on the open front cooler are calculated as 

follows: 

Annual Savings, 61,112 kWh = Annual pre-retrofit electric use, 96,316 kWh – Annual installed case electric 

use, 30,821 kWh – Cooler ACH penalty, 4,383 kWh 

Project Savings 

An 8,760 hourly model was used to determine savings in peak periods throughout the year. Energy use 

during peak hours was summed and then divided by the total annual savings to find the percent on-peak 

savings. Similarly, the energy use during the summer and winter peak demand periods is divided by the 

total hours in each period to find the average peak demand reduction.  

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and evaluation 

analysis. Reasons for discrepancies are presented as well as their qualitative impacts on final project 

energy savings realization. The table below shows a savings comparison by measure type. All savings 

include both direct electrical and indirect refrigeration electrical savings 

Table 7: Breakdown by End Use of Tracking and Evaluation Savings Results 

Savings Quantity Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Fan Savings (kWh) 13,648 -527 -4% 

Lighting Savings (kWh) 4.376 4,397 100% 

ACH Savings (kWh) unclear 3065 - 

Door Savings (kWh) 36,135 61,112 169% 

 Below are comparisons of tracking and evaluation analysis inputs for each end use, broken out for the 

freezer and the cooler. 



Impact Evaluation of 2011 Custom Refrigeration/Motor/Other Installations Site 18 

Application BS10435  Page 11 

 

Table 8: Comparison of Tracking and Evaluation Inputs for Evaporator Fan Savings 

Equip. Analysis Input 
Tracking 

Value 

Evaluation 

Value 

Evaluation ÷ 

Tracking 

F
re

e
ze

r Pre-retrofit fan motor demand (W) 896 307 34% 

Pre-retrofit fan motor hours/day 24 24 100% 

Installed fan motor demand (W) 414 324 78% 

Installed fan motor hours/day 24 24 100% 

C
o

o
le

r 

Pre-retrofit fan motor demand (W) 1,024 461 45% 

Pre-retrofit fan motor hours/day 24 24 100% 

Installed fan motor demand (W) 460 486 106% 

Installed fan motor hours/day  24 24 100% 

The tracking pre-retrofit case assumed that the existing motors were 1/15 HP. However as seen from 

the nameplate baseline, the actual existing motors were 1/20 HP, which accounts for the higher pre-

retrofit values in the tracking analysis when compared to the evaluation. When larger 1/15 HP EC 

motors were installed, the electric consumption of the motors increased. The motor count used in the 

tracking analysis is unclear; different counts are listed in different parts of the application. The data in 

this table assumes 8 cooler evaporator fan motors and 7 freezer motors, while the evaluation observed 

9 and 6, respectively. 

Table 9: Comparison of Tracking and Evaluation Inputs for Lighting Savings 

Analysis Input 
Tracking 

Value 

Evaluation 

Value 

Evaluation 

÷ Tracking 

Pre-retrofit lighting demand (W) 1,044 792 76% 

Pre-retrofit lighting hours 18 24 133% 

Installed lighting demand (W) 378 400 106% 

Installed lighting hours 18 24 133% 

The LED configuration along the cooler and freezer doors is the following: there is one single fixture on 

each end of each case unit, and in between doors there is a double fixture. The cooler consists of a five-

door and a three-door unit, and the freezer is composed of two sets of three-door units. It was assumed 

in the evaluation that before the retrofit, each freezer unit had one T8 lamp on each end and one 

between each door, resulting in four lamps per unit or eight total, and that there were 10 T8 lamps 

lining the open cooler. 

Table 10: Comparison of Tracking and Evaluation Inputs for Freezer ACH Savings 

Analysis Input 
Tracking 

Value 

Evaluation 

Value 

Evaluation 

÷ Tracking 

Pre-retrofit ACH demand (W) unclear 1.4 - 

Pre-retrofit ACH hours 24 24 100% 

Installed ACH avg. demand (W) unclear 1.1 - 

The tracking analysis did not provide any information about savings from the installation of anti-

condensate heaters or controls.  
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Table 11: Comparison of Tracking and Evaluation Inputs for Door Installation and Refrigeration Savings 

Equip. Analysis Input 
Tracking 

Value 

Evaluation 

Value 

Evaluation 

÷ Tracking 

F
re

e
ze

r 
Suction temperatures (°F) N/A -23 - 

Avg. condensing unit performance (kW/ton) N/A 1.59 - 

C
o

o
le

r 

Cooler length (ft) N/A 20 - 

Suction temperatures (°F) N/A 18 - 

Avg. condensing unit performance (kW/ton) N/A 1.59 - 

Pre-retrofit case cooler daily energy use (kWh) 161 203 126% 

Pre-retrofit case cooler hours 24 24 100% 

Installed case cooler daily energy use (kWh) 52 65 125% 

Installed case cooler hours 24 24 100% 

Pre-retrofit ACH demand (W) N/A 0.0 - 

Pre-retrofit ACH hours N/A N/A - 

Installed ACH avg. demand (W) unclear 0.50 - 

The installed ACH demand for the cooler is a necessary penalty due to the addition of glass doors to the 

previously open front cooler. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 62,226 kWh. The evaluation estimates 

annual energy savings to be 68,047 kWh, resulting in an annual energy savings realization ratio of 109%. 

While fan motor savings were lower than the tracking value, savings from cooler door installation are 

higher and contributed to the increase in total annual energy reduction.    

The most significant effect on the evaluation energy savings is the installation of larger fan motors than 

the pre-retrofit case. This resulted in an electric penalty which decreased the overall savings.  

The savings from the installation of doors on the open front cooler are dependent on the actual load on 

the store’s condensing unit. The higher the load, the greater the potential for savings.  Fluctuations in 

store and outdoor environment such as humidity, temperature and frequency of freezer and cooler use 

can contribute to overall variation in savings between the tracking and evaluation analysis. Furthermore, 

many stores had 1/20 hp evaporator fan motors replaced with 1/15 hp motors, as discussed previously. 

If this was the case at the test site, and it had 1/20 hp fan motors installed during the metering period, 

the motors would contribute less to the condensing unit load than they do at the evaluation site. 

The tracking analysis has no calculation of savings due to ACH controls installation, so the evaluation is 

not able to compare its analysis.  

The tracking analysis does not state what percentage of savings occurs during peak hours. The 

evaluation finds this value to be 48%; however the realization ratio cannot be calculated due to a lack of 

data.  

The summer demand peak reduction is estimated in the tracking analysis to be 7.11 kW. The evaluation 

estimates the summer demand peak power reduction to be 11.65 kW, resulting in a realization ratio of 

164%.  

The winter demand peak reduction is estimated in the tracking analysis to be 7.11 kW, and the 

evaluation found this value to be 5.97 kW, resulting in a realization ratio of 84%. 
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Other reasons for discrepancies between the tracking and evaluation analyses cannot be identified due 

to the fact that it is not clear how the tracking savings were calculated. 
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Application ID: BS 10061 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

This application saves 94% of the energy originally estimated in the tracking analysis.  The 
primary reason for the decrease in savings is improved refrigeration system performance than 
predicted by the TA. Results are presented in Table 1 below. 

A grocery retail building completed major renovations including replacing 41 shaded-pole 
evaporator motors with high-efficiency electronically commutated (EC) motors.  This measure 
saves electrical energy due to improved motor efficiency and reduced refrigeration load.  The 
evaporator fan operating hours are the same between the pre-retrofit and installed cases. 

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity
Tracking 

Value

Evaluation 

Value

Evaluation/ 

Tracking

Annual Energy (kWh) 42,941 40,282 94%

% Energy Savings On-Peak 54% 52% 97%

Summer Peak Diversified kW 6.30 8.29 132%

Winter Peak Diversified kW 6.30 8.03 127%  

Project Description 

The six zones included in this retrofit are listed in Table 2 below along with the cooler 
evaporator fan quantity per cooler.   

Table 2: Zones Types and Cooler Fan Quantities 

Zone
Cooler 

ID

Fan 

Qty

Fan Motor 

HP

Raw Production, 

Zone 1
C-1 5 1/5

C-2 4 1/5

C-3 4 1/5

C-4 4 1/5

C-5 4 1/5

C-6 4 1/5

C-7 4 1/5

Seafood C-8 4 1/5

Poutry C-9 4 1/5

Aged Meat C-10 4 1/5

Total - 41 -

Raw Production, 

Zone 2

Raw Production, 

Zone 3
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The evaporator fans currently have cycling controls to turn the fans on and off based on a call 
for cooling.  

Tracking Analysis 

This section describes the methodologies employed in the original energy study, discusses 
aspects of the methodology that had significant impacts on final energy savings estimates, and 
describes the tracking calculation methodologies. 

Tracking Calculation Methodology 

Energy savings and demand reduction estimates were calculated by the tracking analyst using a 
spreadsheet tool. The spreadsheet appears to be a standard template used to calculate the 
savings for EC motor installations in cooler applications.  

The input for annual fan operating hours in the spreadsheet tool states that if the refrigeration 
system uses a control system to cycle the evaporator fans on only during a call for cooling, the 
estimated on-time is 4,730 hours. The system uses this control system; therefore the assumed 
operating hours are 4,730 hours. 

The tracking analyst assumed a total pre-retrofit demand of ~9.7 kW for all 41 fans. It appears 
this number was determined based on the current, voltage, and power factor of each fan 
motor. Neither motor model numbers nor cutsheets were provided to back up this calculation. 
All fan motors are single-phase. The equation used is listed below.  

Power, kW = (Current * Voltage * Power Factor)/ 1000 [1] 

Table 3 below shows the results of this calculation for each fan and the total fan motor 
demand.  

Table 3: Evaporator Fan Demand 

Zone
Cooler 

ID

Fan 

Qty
Amps Volts Phase

Power 

Factor
kW/fan Total kW

Raw Production, 

Zone 1
C-1 5 1.64 230 1 0.55 0.21 1.04

C-2 4 1 0.55 0.26 1.04

C-3 4 1 0.55 0.26 1.04

C-4 4 1 0.55 0.26 1.04

C-5 4 1 0.55 0.26 1.04

C-6 4 1 0.55 0.26 1.04

C-7 4 1 0.55 0.26 1.04

Seafood C-8 4 1.64 230 1 0.55 0.21 0.83

Poutry C-9 4 1.64 230 1 0.55 0.21 0.83

Aged Meat C-10 4 1.56 230 1 0.55 0.20 0.79

Total - 41 - - - - 9.71

Raw Production, 

Zone 2

Raw Production, 

Zone 3

2.05

2.05

230

230

 

The installation of EC motors is assumed to result in a motor load reduction of 65%, providing 
motor demand savings of 6.30 kW and energy savings of 29,820 kWh. The 2011 National Grid 
Technical Reference Manual recommends the load reduction factor of 65% for EC motors on 
page 204.  
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This demand reduction was converted to refrigeration load reduction in tons using the following 
equations: 

1 kW = 3,412 Btu/hr  [2] 
1 ton = 12,000 Btu/hr  [3] 

The tracking analyst also assumed a refrigeration performance of 1.6 kW/ton. It appears that 
1.6 kW/ton is the default average performance for an air-cooled refrigeration system on the 
spreadsheet tool. The refrigeration load savings were multiplied by the performance to 
determine the refrigeration system demand reduction of 2.87 kW and energy savings of 
13,582 kWh. The total annual energy savings are the sum of the motor and refrigeration energy 
savings, or 43,435 kWh. The TA reported annual energy savings of 42,941 kWh, but it is not 
clear how this number was determined.  

It is also not clear how the tracking analysis calculated the percent of savings that occur during 
on-peak hours.  The TA reported 54% on-peak savings, which corresponds to the ratio of the 
annual operating hours (4,730 hours) to the total annual hours (8,760 hours). This assumes 
that the savings are spread evenly over the course of a day.  

It appears that the summer and winter peak demand reduction was calculated as the total 
demand reduction from the measure.  The claimed demand reduction for both the winter and 
summer peak period is 6.30 kW. It should be noted that this number only reflects the motor 
savings and does not include the refrigeration demand savings.    

Evaluation Methodology 

The evaluator has applied a similar calculation methodology to the tracking analysis. Both 
studies use a spreadsheet analysis to calculate pre-existing and installed case motor annual 
energy use.  The evaluator differs from the tracking analyst by using metered data for the 
installed motors.  Installed motor power draw for each hour of the year was calculated using 
spot-metered demand data and long-term operating-hour data.  The general outline for the 
evaluation methodology is below. 

1. Spot-meter the demand of the installed motors for 5 minutes. Since there were six cooler 
zones, the evaluator spot-metered one of the coolers from each zone.   

2. Install an amperage logger to meter the operating hours of one of the installed evaporators 
from each zone for four weeks. Use metered data to calculate annual operating hours.  

3. Since pre-existing motors are not available to meter, use the TA’s assumptions for pre-
existing case motor demand. Use calculated annual operating hours from the installed motors.  

4. Collect data and determine annual energy savings for the EC motors based on average 
demand and operating hours. 

5. Create an 8,760 hour model with TMY3 weather data to calculate seasonal refrigeration 
system performance. The refrigeration equipment is air-cooled, so the condensing temperature 
and performance will vary with outside air temperatures.  

6. Use 8,760 model results to calculate the refrigeration energy savings from reduced motor 
heat output.   

7. Calculate annual energy savings based on combination of motor demand and refrigeration 
demand savings and metered operating hours.  
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Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 

Table 4:  Summary of Evaluation Metering and Trend Data 

EC Motors 

Parameter Motor Demand, kW Operating Hours

Type of Measurement 

Equipment
Power, kW

1. Current, Amps

2. State, On/Off

Model of 

Measurement 
Yokogawa Meter

1. HOBO Current Logger

2. HOBO State Logger

Installation Temporary Temporary

Sample Size 1 Cooler/Zone 1 Cooler/Zone

Total Qty 6 6

Observation 

Frequency
One second

1. One second

2. State (On/Off)

Metering Duration 5 minutes 4 Weeks
Existing or Installed Installed Installed

Metered By Evaluator Evaluator  

Evaluation Savings Analysis 

Installed Case Evaporator Motor Demand 

The evaluator collected spot-metered demand data for one cooler case in each of the six zones. 
The evaluator used the metered average demand per cooler for the installed case demand.  

The spot-metered data for the Aged Meat cooler (C-8) was ~7 times higher than the average 
metered demand for the other five coolers metered. A discussion with the site revealed that the 
breaker serving the Aged Meat line also included the load of a 10 hp compressor as well as 
ceiling fans. Since the Aged Meat cooler has the same number of fans as four of the other 
metered coolers, the evaluator used their average metered demand (0.23 kW) for the Aged 
Meat cooler demand.  

The total metered demand for all ten coolers is 2.39 kW.  

Pre-Existing Case Evaporator Motor Demand 

Since the pre-existing motors were not available to meter, the evaluator used the TA’s 
estimated demand per motor. The TA calculated a total pre-installed case motor demand of 
9.71 kW.  

Installed Case Evaporator Motor Operating Hours 

The long-term operating hour metered data was used to estimate annual and peak operating 
hours for each of the coolers. A state logger (on/off) was used for three of the metered coolers 
and a current meter was used for three of the coolers. All of the coolers appear to cycle on and 
off throughout the course of the day. Figure 1 below shows the plot of the current readings for 
the metered cooler from Zone 2. All of the coolers were metered for 28 days.  
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Figure 1: Zone 2 Cooler Metered Current 
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The long-term metered data for the Zone 3 coolers did not appear to be accurate. The cooler 
cycled on and off, but the on and off current readings increased over the course of the metered 
period. The long-term metered data for the Zone 2 coolers was used for Zone 3 since both 
Zone 2 and 3 are located in the same room.   

The metered operating hours were exprapolated to annual operating hours by calculating the 
percent of total metered hours the coolers were operating during weekdays and weekends. The 
table below provides a summary of this calculatation for the Zone 1 cooler.  
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Table 5: Zone 1 Cooler Hourly Operation for Weekdays and Weekends 

Weekday Hours Weekend Hours

Total Operating % of Total Total Operating % of Total

1:00 AM 20 2.8 14% 8 0.9 11%

2:00 AM 20 2.6 13% 8 1.1 14%

3:00 AM 20 2.5 13% 8 0.9 11%

4:00 AM 20 2.4 12% 8 1.0 13%

5:00 AM 20 2.3 12% 8 0.9 12%

6:00 AM 20 2.7 14% 8 0.9 11%

7:00 AM 20 2.7 13% 8 1.0 12%

8:00 AM 20 2.9 15% 8 1.0 12%

9:00 AM 20 2.9 14% 8 1.0 12%

10:00 AM 20 3.4 17% 8 1.0 12%

11:00 AM 20 3.8 19% 8 1.0 12%

12:00 PM 20 3.2 16% 8 1.0 12%

1:00 PM 20 4.3 21% 8 0.9 11%

2:00 PM 20 4.2 21% 8 1.0 12%

3:00 PM 20 2.6 13% 8 1.0 13%

4:00 PM 20 4.1 21% 8 0.9 12%

5:00 PM 20 3.5 17% 8 1.1 13%

6:00 PM 20 4.3 21% 8 1.5 18%

7:00 PM 20 9.8 49% 8 1.0 12%

8:00 PM 20 16.0 80% 8 0.9 11%

9:00 PM 20 13.8 69% 8 0.9 12%

10:00 PM 20 8.8 44% 8 1.0 12%

11:00 PM 20 8.1 41% 8 0.9 11%

12:00 AM 20 6.0 30% 8 0.9 12%

Total 480 119 25% 192 23.5 12%

Hour

 

These daily ratios for each cooler were imported to an 8,760 model to determine the total 
annual and on-peak operating hours. Table 6 below provides a summary of these ratios applied 
annually. The average percent of hours operating for all ten coolers is 52.5% and the average 
percent of hours operating during peak hours is 27.3%.  

The operating hours for the Zone 1 cooler are low because it is located in the same room as six 
Zone 2 and Zone 3 coolers. It only turns on when the temperature setpoint is not satisified by 
the other six coolers. The operating hours for the Aged Meat cooler are also low because it the 
Aged Meat room is closed off by a solid door that is kept closed during most of the facility’s 
operating hours. 
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Table 6: Percent of Metered Hours Operating and Operating During Peak Hours 

No. Evaluation

of Annual Peak Operating Ratio of Total Annual Hours

Fans Operating Hours Hours Operating Operating On-Peak

1 C-1 5 2,156 1,212 24.6% 13.8%

C-2 4 4,940 2,601 56.4% 29.7%

C-3 4 4,940 2,601 56.4% 29.7%

C-4 4 4,940 2,601 56.4% 29.7%

C-5 4 4,940 2,601 56.4% 29.7%

C-6 4 4,940 2,601 56.4% 29.7%

C-7 4 4,940 2,601 56.4% 29.7%

Aged Meat C-8 4 3,776 1,754 43.1% 20.0%

Seafood C-9 4 5,791 2,784 66.1% 31.8%

Poultry C-10 4 4,653 2,560 53.1% 29.2%

Total - 41 4,601 2,392 52.5% 27.3%

2

3

Cooler 

ID
Zone

 

The evaluator calculated the annual energy use per cooler as the average demand per cooler 
multiplied by the annual operating hours per cooler. The evaluator calculated the installed case 
motor annual energy use to be 10,787 kWh and peak energy use to be 5,618 kWh. Table 7 
below provides a summary of these calculations.  

Table 7: Summary of Evaluation’s Installed Case Calculations 

No. Evaluation  

of Annual Peak Operating Installed Case  

Fans Operating Hours Hours Metered kW Annual kWh Peak kWh

1 C-1 5 2,156 1,212 0.31 663 373

C-2 4 4,940 2,601 0.23 1,148 604

C-3 4 4,940 2,601 0.23 1,148 604

C-4 4 4,940 2,601 0.23 1,148 604

C-5 4 4,940 2,601 0.26 1,264 665

C-6 4 4,940 2,601 0.26 1,264 665

C-7 4 4,940 2,601 0.26 1,264 665

Aged Meat C-8 4 3,776 1,754 0.23 873 406

Seafood C-9 4 5,791 2,784 0.20 1,131 544

Poultry C-10 4 4,653 2,560 0.19 884 486

Total - 41 4,601 2,392 2.39 10,787 5,618

2

3

Cooler 

ID
Zone

 

Pre-Existing Case Evaporator Motor Operating Hours 

The evaluator differed from the TA by using the metered operating hours (above) for each of 
the coolers. Using the TA’s assumptions of pre-existing case motor demand, the evaluator 
calculated the pre-existing motor annual energy use to be 44,628 kWh and motor peak energy 
use to be 23,265 kWh. 

Refrigeration Savings 

Refrigeration savings result from decreased motor heat output in the installed case. The 
refrigeration demand savings were calculated using an 8,760 hour model with Worcester 
weather data.  

The site’s refrigeration system consists of high stage (H536) and booster (H536B) Howe 
compressors and an Evapco LSCB-225 condenser. The evaluator collected performance data for 
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these compressors from the manufacturer to estimate how performance varies with outside air 
temperature (OAT).  

The Howe booster compressor serves the freezer spaces including the poultry, aged meat, and 
seafood rooms. At a constant suction temperature of -20˚F and saturated intercooler 

temperature (SIT) of 20˚F the booster compressor’s performance is 0.600 kW/ton during all 

outside air conditions.  

The Howe high stage compressor serves the medium temperature spaces including Zones 1 
through 3. The suction temperature is maintained at 20˚F and the minimum condensing 

temperature is 75˚F with a 20˚F approach to the outside air wet bulb temperature. The high 

stage compressor performance is constant at ~0.540 kW/ton up to ~50˚F OAT. Above 50˚F 

OAT, the performance worsens as the temperature increases. At 100˚F OAT, the compressor 

performance is 1.15 kW/ton. The Evapco condenser’s performance varies from 0.17 kW/ton at 
95˚F OAT to 0.0 kW/ton at 18˚F OAT. The total high stage system performance is the sum of 

the high stage compressor and condenser performance. Using the Worcester TMY3 weather 
data, the total high stage system performance varies from 1.236 kW/ton at 90˚F to 

0.541 kW/ton at -11˚F.  

Figure 2 below shows how the booster and high stage compressors and condenser performance 
vary with outside air temperature.  

Figure 2: Refrigeration System Performance Varying with OAT 
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The metered demands per cooled in the pre-existing case and installed case were converted to 
refrigeration load in tons. The daily operating hour ratios per cooler calculated above were used 
to determine the evaporator fan run time. The difference between the pre-existing and installed 
case refrigeration load was multiplied by the refrigeration performance in kW/ton (booster 
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compressor performance for freezers and high stage performance for non-freezers) and the 
percent hourly operation at each hour of the year to determine the refrigeration demand 
savings.  

The total refrigeration demand savings for each cooler were summed to calculate the annual 
energy savings. The evaluator calculated the annual refrigeration energy savings as 6,441 kWh. 
The energy savings that occur during peak hours are 3,467 kWh.  

Project Savings 

The total annual energy savings is the sum of the motor and refrigeration energy savings. The 
motor energy savings are 33,841 kWh and the refrigeration savings are 6,441 kWh, therefore 
the total annual energy savings are 40,282 kWh.  

The evaluator calculated the total peak energy savings as 21,114 kWh, resulting in percent on-
peak savings of 52%. The summer demand reduction is 8.29 kW and the winter demand 
reduction is 8.03 kW. 

A summary of the evaluated annual EC motor energy savings is presented in Table 8 below. 

Table 8:  Summary of Evaluation Energy Savings 

Motor Energy Savings 33,841 kWh

Peak Savings 17,647 kWh

% on Peak 52%

Summer 7.14 kW

Winter 7.32 kW

Refrigeration Savings 6,441 kWh

Peak Savings 3,467 kWh

% on Peak 54%

Summer 1.15 kW

Winter 0.71 kW

Total Energy Savings 40,282 kWh

Peak Savings 21,114 kWh

% on Peak 52%

Summer 8.29 kW

Winter 8.03 kW  

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and 
evaluation analysis.  Reasons for discrepancies are presented as well as their qualitative impacts 
on final project energy savings realization.   

Annual and Peak Operating Hours 

The evaluator used the metered operating hours for both the pre-existing and installed case 
energy use calculations. Table 9 below provides a comparison of the annual and peak operating 
hours used in the TA and evaluation. On average, the evaluation calculated 3% less annual 
operating hours and 6% less peak operating hours than the TA. 
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Table 9: Comparison of Operating Hours Used in TA and Evaluation 

Cooler Annual Operating Hours Peak Operating Hours

ID TA Evaluation Eval/TA TA Evaluation Eval/TA

1 C-1 4,730 2,156 46% 2,554 1,212 47%

C-2 4,730 4,940 104% 2,554 2,601 102%

C-3 4,730 4,940 104% 2,554 2,601 102%

C-4 4,730 4,940 104% 2,554 2,601 102%

C-5 4,730 4,940 104% 2,554 2,601 102%

C-6 4,730 4,940 104% 2,554 2,601 102%

C-7 4,730 4,940 104% 2,554 2,601 102%

Aged Meat C-8 4,730 3,776 80% 2,554 1,754 69%

Seafood C-9 4,730 5,791 122% 2,554 2,784 109%

Poultry C-10 4,730 4,653 98% 2,554 2,560 100%

Average - 4,730 4,601 97% 2,554 2,392 94%

Zone

3

2

 

The decrease in operating hours decreased the pre-existing annual energy use from 
45,929 kWh in the TA to 44,628 kWh in the evaluation. The lower operating hours leads to a 
decrease in savings. 

Installed Case EC Motor Demand 

The TA used an average motor demand reduction of 65% to calculate the installed case EC 
motor demand. This resulted in a total motor demand of 3.40 kW.  

The evaluator calculated a total installed case motor demand of 2.39 kW, saving 1.01 kW over 
the TA. Table 10 below provides a comparison of the installed case motor demand used in the 
TA and evaluation. The lower installed motor demand leads to an increase in energy savings.  

Table 10: Comparison of Installed Case Motor Demand 

No. TA Evaluation

of Pre-Existing Installed Installed Case

Fans Fan kW kW kW

1 C-1 5 1/5 1.04 0.36 0.31

C-2 4 1/5 1.04 0.36 0.23

C-3 4 1/5 1.04 0.36 0.23

C-4 4 1/5 1.04 0.36 0.23

C-5 4 1/5 1.04 0.36 0.26

C-6 4 1/5 1.04 0.36 0.26

C-7 4 1/5 1.04 0.36 0.26

Aged Meat C-8 4 1/5 0.79 0.28 0.23

Seafood C-9 4 1/5 0.83 0.29 0.20

Poultry C-10 4 1/5 0.83 0.29 0.19

Total - 41 - 9.71 3.40 2.39

HP 

per

2

3

Cooler 

ID
Zone

 

Refrigeration Savings 

The TA calculated annual refrigeration savings of 13,582 kWh based on an average annual 
refrigeration system performance of 1.6 kW/ton.  

The evaluator used an 8,760 hour bin model to calculate the performance of an air-cooled 
refrigeration system at each hour of the year based on outside air dry bulb temperature. Based 
on manufacturer’s data, the average annual booster and high stage refrigeration performance 
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was calculated to be 0.600 kW/ton and 0.693 kW/ton, respectively. These performances are a 
~60% improvement than what was assumed by the TA.  

Summary 

The difference between the calculated annual energy savings in the TA and evaluation is 
3,153 kWh. Table 11 below provides a breakdown of the savings differentials. The TA savings 
values do not exactly match the reported values due to rounding errors by the TA.  

Table 11: Summary of Savings Differentials Between the TA and Evaluation 

Parameter TA Evaluation Eval/TA Energy Savings, kWh Savings

% of Total 

Differential

EC Motor Demand Savings, kW 6.31 7.32 116% 4,776 1.01 -151%

Avg. Annual Operating Hours 4,730 4,601 97% -941 -129 30%

EC Motor Savings, kWh 29,854 33,841 113% 3,987 3,987 -126%

Refrigeration Load, ton-hrs 8,488 9,622 113% 1,814 1,134 -58%

Refrigeration Performance, kW/ton 1.600 0.693 43% -8,728 -0.907 277%

Total Refrigeration Energy Savings, kWh 13,582 6,441 47% -7,140 -7,140 226%

Total Energy Savings, kWh 43,435 40,282 93% -3,153 -3,153 100%  

A positive savings differential (+4,776 kWh) is due to the decreased installed motor demand. A 
negative savings differential (-941 kWh) is due to decreased evaporator fan operating hours.  

A positive savings differential (1,814 kWh) is due to the increase in refrigeration load savings 
from reduced motor heat output. A negative savings differential (-8,728 kWh) is due to 
improved refrigeration system performance, which decreases the savings from reduced motor 
heat output.  

The net positive energy savings differential (3,987 kWh) from the EC motor demand reduction 
and the net negative savings differential (-7,140 kWh) from the refrigeration load reduction 
result in an overall negative energy savings differential of 3,153 kWh.  

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 42,941 kWh.  The evaluation 
estimates annual energy savings to be 40,282 kWh, resulting in an annual energy savings 
realization ratio of 94%.  As discussed in the previous section the increase in savings is due to 
higher installed motor demand savings than predicted by the TA.  

The percentage of savings occurring during energy peak periods estimated in the tracking 
analysis is 54% while the evaluation finds this value to be 52% resulting in a realization ratio of 
97%.   

The summer demand peak reduction is estimated in the tracking analysis to be 6.30 kW.  The 
evaluation estimates the summer demand peak power reduction to be 8.29 kW, resulting in a 
realization ratio of 132%.   

The winter demand peak reduction is estimated in the tracking analysis to be 6.30 kW, and the 
evaluation found this value to be 8.03 kW, resulting in a realization ratio of 127%. 

The tracking demand reductions included only the motor demand savings and did not take into 
account the demand savings from the reduced refrigeration load. 



DNV KEMA Energy & Sustainability   

KEMA, Inc. June 2013 1 

Application ID: NSTAR CS8862 

Measure Category: Refrigeration 

Project Type: New Construction 

Summary 

This project involves the New Construction of a 25,000 ft2 supermarket and has two measures.  Savings 

are obtained by installing electrically commutated motors [ECMs] on the evaporator fans in the freezers 

and coolers.  The second measure installs night curtains on reach-in refrigerated cases. 

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 105,997 kWh is 5.0% less than the tracking estimates. Summer on-peak demand savings are 

52% less than the tracking estimates and winter on-peak demand savings are 54% less than anticipated.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 
Estimate 

Evaluation 
Estimate 

Evaluation / 
Tracking 

Annual Energy (kWh) 111,672 105,997 95% 

% Energy Savings On-Peak N/A 40.3% N/A 

Summer On-Peak Demand (kW) 22.70 10.80 48% 

Winter On-Peak Demand (kW) 22.70 10.41 46% 

Project Description 
Electrically commutated motors are installed on the evaporator fan.  Fourteen 58-Watt fans are installed 

in the walk-in boxes.  Sixteen Watt ECMs are installed on 172 evaporator fans serving the medium and 

low temperature showcases on the sales floor.  The baseline equipment consists of less efficient shaded-

pole motors.  Each walk-in evaporator fan motor is rated at 136-Watts.  The baseline for the showcase 

evaporator fans is 46-Watts per motor. 

The savings are based upon the operation of the more efficient fans.  These fans are located within the 

walk-in boxes and the refrigerated showcases.  The reduction in fan horsepower also results in less waste 

heat generated in the refrigerated spaces.  This represents a reduced load at the refrigeration compressors. 

The night curtains are installed on the open vertical reach-in refrigeration units.  The store is closed 8-

hours per day.  The night covers are drawn across the openings during the unoccupied periods.  The night 

curtains reduce the convective heat loss through the open showcases.  The baseline condition is based 

upon no night curtains installed and the showcases remaining open during the unoccupied periods. 
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Tracking Analysis 

Tracking Calculation Methodology 

Electrically Commutated Fan Motors 

Savings for the evaporator fan ECMs are calculated using Excel Spreadsheets.  The savings are calculated 

as the difference in the connected power for the fans between the baseline and installed equipment times 

the annual operating hours.  The interactive refrigeration savings attributed to the reduced power load and 

associated internal gains at the compressor are added to obtain total savings. 

 

��ℎ���	 = 	 (�����
	– 	������)	�	ℎ�������)	
where: 

kWhfan = annual electric savings from fan operation 

kWfanb = total connected baseline evaporator fan power 

kWfani = total connected installed evaporator fan power 

hoursfan = annual evaporator fan operating hours 

 

The annual kWh savings calculated above are converted to equivalent tons of cooling.  This tonnage in 

multiplied the efficiency of the refrigeration system to calculate the interactive refrigeration savings.  The 

kW/ton is generated by a macro that uses regression analysis values for performance based upon suction 

temperature. 

 

��ℎ���	 = 	 ���ℎ���	�	3.412
12,000 � �	���	

where: 

kWhref = interactive refrigeration savings 

kWhfan = annual electric savings from fan, lighting, and anti-condensate heater operation 

3.412 = BTUs per kWh 

12,000 = BTUs per ton of refrigeration 

eff = efficiency of the refrigeration system in kW/ton 

Total savings is the sum of kWhfan and kWhref. 
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Night Curtains 

Savings for the installation of the night curtains are also calculated in Excel spreadsheets.  The total linear 

footage of the vertical reach-in cases is used as the foundation for the savings.  A fixed savings factor 

[BTUH per linear foot] is applied to the calculations along with the efficiency of the night curtain, the 

efficiency of the refrigeration system, the annual unoccupied operating hours, and a disabling factor.  The 

disabling factor is the amount of time the night curtains are effectively in use during the over-night 

stocking period when the store is not open for business.   

 

��ℎ��	 = 	��	�	ℎ�	�	���	�	��	�	 �	�	ℎ��	
where: 

kWhnc = night curtain annual savings 

lf = linear feet of refrigerated showcases 

hg = fixed heat gain in BTUH/lf through opening of refrigerated units 

eer = efficiency of the refrigeration system in BTU/HR-Watt 

ef = efficiency of the night curtains 

df = disabling factor is the effective percentage of time the curtains are in use 

hrs = hours per year the night curtains are drawn across the showcase opening 

Seasonal demand savings are calculated by dividing the annual kWh energy savings for each measure by 

the annual operating hours for that measure. 

Discussion of Tracking Analysis 

This tracking methodology provides a comprehensive approach to estimating savings for this measure.  

The baseline values are a composite of measured values and vendor specifications.  The calculations 

account for the difference in fan horsepower between the baseline and installed ECM’s. Night cover 

savings include the efficiency of the cover and a utilization factor which estimates that the covers will be 

pulled 80% of the time.  All measures include interactive refrigeration savings. 

The percentage of energy savings occurring during energy peak periods was calculated based on the ratio 

of savings during peak periods to total energy savings.  The tracking analysis reported 46% on-peak 

savings, which is the ratio of total peak hours to total annual hours.  The summer and winter peak demand 

savings is the difference between the total baseline kW load and total installed kW for electrically 

commutated fan motors. The summer and winter demand savings also include the interactive refrigeration 

savings for the ECM’s.  All night cover savings are refrigeration savings.   



DNV KEMA Energy & Sustainability   

KEMA, Inc. June 2013 4 

Baseline Validity 

This is a new construction project that installs efficient evaporator fans in reach-in coolers and walk-in 

boxes.  There is no building code that mandates electrically commutated motors in these applications.  

The cost differential between the ECM’s and standard efficiency motors may be enough to exclude 

ECM’s as being installed without incentives.  This baseline assumption is valid.  The baseline for the 

night covers is no night cover installation for new construction.  These tend to be less readily installed and 

the baseline assumption is valid. 

Evaluation Methodology 

A comprehensive site visit was conducted. The new refrigerated showcases were inventoried and 

examined.  Information from the case labels was taken and the wattage ratings for the fans were noted.  

The operation of the new equipment was discussed with facility personnel. The fan circuits were 

identified in the electrical room.  The circuits were labeled according to the compressor rack and location 

on the sales floor.  The number of units on each circuit was obtained by comparing store layout 

schematics and circuit labeling with observations on the sales floor to confirm case type and quantity. 

Two Elite power loggers were installed to monitor evaporator fan operation.  One logger was installed on 

the walk-in box circuits.  That logger failed in the field and provided no usable data. The second logger 

monitored 14.5% of the total ECM load for the reach-in units  Instantaneous power readings were also 

performed to help verify the proper circuits and to provide a measured value to compare with the logger 

data. 

The refrigerated cases equipped with the night curtains were identified.  The linear feet of night curtain 

equipped cases were verified.  The utilization of the night curtains was discussed with store personnel. 

Monitored data from the Elite power logger was converted into average hourly kW values.  These values 

are unique for each hour of the day and each day of the week. A “typical” weekly operating schedule was 

created from the data.  That schedule is provided in the Table 2  below.  The table shows the uniformity 

of evaporator fan motor operation. 
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Table 2:  Weekly ECM Operating Schedule 

 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The savings for each hour are summed to 

calculate annual savings.  Summer and winter peak demand savings are generated for the hours in those 

periods using the unique hourly values.  The hourly kW difference is also converted to equivalent BTUs 

and then to tons of refrigeration to estimate savings at the compressors. 

Evaluation Data Collection 

The make, model, and quantity of new refrigerated cases were noted.  The rated power of the heaters, 

fans, and lightings was obtained from the units. The ACH, lighting, and evaporator fan circuits were 

identified.  The operation of the new equipment was discussed with store personnel.  The installation was 

operating without problem. 

The Elite power loggers were installed on December 21, 2012.  The reach-in ECM logger recorded 

voltage, amperage, and kW every 15 minutes through the 62 day monitoring period. Instantaneous power 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.0189 0.0189 0.0189 0.0189 0.0188 0.0188 0.0189
2 0.0190 0.0190 0.0190 0.0190 0.0189 0.0190 0.0190
3 0.0193 0.0193 0.0193 0.0193 0.0192 0.0192 0.0193
4 0.0189 0.0189 0.0189 0.0189 0.0188 0.0188 0.0189
5 0.0190 0.0189 0.0190 0.0189 0.0189 0.0189 0.0190
6 0.0192 0.0191 0.0192 0.0192 0.0190 0.0192 0.0192
7 0.0188 0.0187 0.0188 0.0186 0.0186 0.0188 0.0189
8 0.0185 0.0183 0.0183 0.0183 0.0181 0.0184 0.0183
9 0.0183 0.0182 0.0185 0.0184 0.0183 0.0183 0.0183
10 0.0183 0.0183 0.0186 0.0185 0.0183 0.0184 0.0184
11 0.0182 0.0183 0.0187 0.0185 0.0182 0.0185 0.0183
12 0.0182 0.0185 0.0188 0.0185 0.0183 0.0184 0.0183
13 0.0182 0.0186 0.0187 0.0184 0.0184 0.0184 0.0184
14 0.0182 0.0184 0.0187 0.0184 0.0184 0.0184 0.0184
15 0.0183 0.0186 0.0188 0.0185 0.0184 0.0185 0.0184
16 0.0183 0.0186 0.0188 0.0185 0.0184 0.0186 0.0184
17 0.0183 0.0185 0.0187 0.0184 0.0184 0.0185 0.0185
18 0.0181 0.0183 0.0185 0.0183 0.0183 0.0183 0.0182
19 0.0182 0.0183 0.0183 0.0181 0.0182 0.0182 0.0182
20 0.0183 0.0186 0.0182 0.0183 0.0183 0.0183 0.0184
21 0.0188 0.0187 0.0182 0.0184 0.0185 0.0185 0.0187
22 0.0194 0.0192 0.0191 0.0190 0.0190 0.0191 0.0189
23 0.0189 0.0189 0.0191 0.0189 0.0190 0.0190 0.0190
24 0.0191 0.0191 0.0192 0.0191 0.0191 0.0190 0.0191

Site Average Hourly ECM kW
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measurements were also recorded to verify the circuits and provide a monitored kW for comparison with 

the monitored kW values. 

Evaluation Savings Analysis 

Annual savings are calculated in an 8,760 hour spreadsheet. That spreadsheet calculates the operation and 

savings for the lighting, anti-condensate heaters, evaporator fans, and interactive refrigeration separately. 

Electrically Commutated Evaporator Fan Motors 

The power data obtained from the Elite power logger provides a kW value for each operating hour of the 

year for the reach-in cases.  The monitored kW is estimated on a per unit basis.  Savings are calculated by 

multiplying the per-unit monitored kW by the total number of units and subtracting that value from the 

baseline ECM kW. 

The Elite logger installed to monitor the walk-in boxes failed in the field and provided no usable data.  

Instantaneous power measurements were taken on these circuits at the initial site visit as well as upon 

logger retrieval. The average instantaneous readings of 57 Watts is within 1 Watt of the tracking data. 

These fans operate at constant speed with little deviation in power from hour to hour.  The instantaneous 

readings were taken as confirmation of the tracking assumptions of the installed equipment.  The 

proposed fan kW for the walk-in box ECM’s was used in the evaluation savings. 

Night Curtains 

No monitoring was done for the night curtain measure.  Showcase temperature and store 

humidity/temperature monitoring was considered.  However, the savings calculations require that the 

night curtains be utilized after hours each night.  It was not possible to effectively monitor which night 

curtains were deployed and the duration of the deployment over the monitoring period. The installation of 

the night curtains was verified along with the linear feet of refrigerated showcases equipped with the night 

curtains.  The BTU/linear foot factor for the night curtains was reviewed and is valid.  These factors were 

integrated into the evaluation spreadsheet.  The estimated hours of night curtain operation was provided 

by store personnel. 

Interactive Refrigeration Savings 

Performance data was obtained for the refrigeration system.  A regression analysis formula was created 
between the total refrigeration power [compressors and condenser fans] and outside air wet bulb 
temperatures.  Efficiencies for the system ranged from 1.02 kW/ton at 0°F wb to 1.52 kW/ton at 74°F wb.  
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The differential power requirements of the evaporator fans represent a quantity of waste heat that must be 
removed by the compressors. The savings kW is converted to BTUs and then into refrigeration tons. The 
regression analysis formula then provides the efficiency in kW per ton to generate the refrigeration 
savings. 

�����	 = 		������	�	3.413)/12,000)	�	"��	
 

where 

kWref = refrigeration kW savings 

kWfans = (fan kW baseline x fan kW installed x 100% ACH to heat diversity factor) 

3.413 = BTUs per kW 

12,000 = BTUs per ton of refrigeration 

Eff = efficiency of the refrigeration compressors in kW/ton  

Hourly savings were summed to generate annual savings.  Summer and winter demand savings were 

calculated for the hours in those periods.  The savings for day one of the analysis is provided in Table 3 

below. 

Table 3: Calculation Spreadsheet 
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Figure 1 below shows the daily operating profiles of the monitored evaporator fans. The data shows the 

uniformity of operation. 

Figure 1: ECM Operating Profile 

Min 4.01 0.71 0.00 4.71 10.17 1.71 0.00 1.14 13.02 1.70 9.95
Max 4.28 0.71 17.31 22.22 10.17 1.71 17.87 1.14 30.89 3.27 17.71

Totals 2,920 Totals 36,103 6,181 37,653 79,937 89,054 15,011 52,172 9,954 166,191 19,743 105,997

Worcester MA TMY3 Temp

Date Month Day
D of 
Wk

OWB 
Temp

ODB 
Temp

Night 
Cover Hour

Site 
Reach In 

kW
Site Walk 
in Box kW

Site Night 
Cover kW

Site 
Total 
kW

Tracking 
Reach-in 

kW 

Tracking 
Walk in 
Box kW

Site Night 
Cover kW

Tracking 
Ref

Total 
Tracking 

kW
Ref 

Savings
kWh 

Savings

1/1/2011 Jan Sat 7 25 29 1 1 4.17 0.71 12.27 17.15 10.17 1.71 17.87 1.14 30.89 2.10 15.84
1/1/2011 Jan Sat 7 25 28 1 2 4.19 0.71 12.27 17.17 10.17 1.71 17.87 1.14 30.88 2.09 15.81
1/1/2011 Jan Sat 7 24 28 1 3 4.25 0.71 12.27 17.23 10.17 1.71 17.87 1.14 30.88 2.07 15.72
1/1/2011 Jan Sat 7 24 27 1 4 4.19 0.71 12.27 17.16 10.17 1.71 17.87 1.14 30.88 2.09 15.81
1/1/2011 Jan Sat 7 24 27 1 5 4.20 0.71 12.27 17.18 10.17 1.71 17.87 1.14 30.88 2.09 15.79
1/1/2011 Jan Sat 7 24 26 1 6 4.25 0.71 12.27 17.23 10.17 1.71 17.87 1.14 30.88 2.07 15.73
1/1/2011 Jan Sat 7 23 26 0 7 4.17 0.71 0.00 4.88 10.17 1.71 0.00 1.14 13.02 2.10 10.24
1/1/2011 Jan Sat 7 24 27 0 8 4.05 0.71 0.00 4.75 10.17 1.71 0.00 1.14 13.02 2.14 10.40
1/1/2011 Jan Sat 7 25 29 0 9 4.05 0.71 0.00 4.76 10.17 1.71 0.00 1.14 13.02 2.13 10.39
1/1/2011 Jan Sat 7 26 30 0 10 4.07 0.71 0.00 4.77 10.17 1.71 0.001.14 13.02 2.13 10.37
1/1/2011 Jan Sat 7 26 30 0 11 4.05 0.71 0.00 4.76 10.17 1.71 0.001.14 13.02 2.13 10.39
1/1/2011 Jan Sat 7 26 31 0 12 4.05 0.71 0.00 4.76 10.17 1.71 0.001.14 13.02 2.13 10.39
1/1/2011 Jan Sat 7 26 31 0 13 4.06 0.71 0.00 4.76 10.17 1.71 0.001.14 13.02 2.13 10.39
1/1/2011 Jan Sat 7 25 30 0 14 4.06 0.71 0.00 4.76 10.17 1.71 0.001.14 13.02 2.13 10.38
1/1/2011 Jan Sat 7 25 30 0 15 4.06 0.71 0.00 4.77 10.17 1.71 0.001.14 13.02 2.13 10.38
1/1/2011 Jan Sat 7 24 29 0 16 4.07 0.71 0.00 4.77 10.17 1.71 0.001.14 13.02 2.13 10.38
1/1/2011 Jan Sat 7 23 27 0 17 4.08 0.71 0.00 4.78 10.17 1.71 0.001.14 13.02 2.13 10.36
1/1/2011 Jan Sat 7 21 26 0 18 4.02 0.71 0.00 4.72 10.17 1.71 0.001.14 13.02 2.15 10.44
1/1/2011 Jan Sat 7 20 24 0 19 4.03 0.71 0.00 4.74 10.17 1.71 0.001.14 13.02 2.14 10.42
1/1/2011 Jan Sat 7 18 22 0 20 4.06 0.71 0.00 4.77 10.17 1.71 0.001.14 13.02 2.13 10.38
1/1/2011 Jan Sat 7 16 19 0 21 4.12 0.71 0.00 4.83 10.17 1.71 0.001.14 13.02 2.11 10.30
1/1/2011 Jan Sat 7 14 17 0 22 4.18 0.71 0.00 4.89 10.17 1.71 0.001.14 13.02 2.09 10.21
1/1/2011 Jan Sat 7 13 16 1 23 4.21 0.71 12.22 17.13 10.17 1.71 17.87 1.14 30.88 2.08 15.83
1/1/2011 Jan Sat 7 12 15 1 24 4.22 0.71 12.20 17.12 10.17 1.71 17.87 1.14 30.88 2.07 15.83

EVALUATION SAVINGSTRACKING
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Figure 2 shows the monitoring profile of the ECM’s during the monitored period. 

Figure 2: ECM Monitoring Profile 
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Verification of Equipment and Operating Parameters 

Table 4 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 4:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

Quantity Walk-In Evaporator Fans 14 14 100% 

Walk-In Evaporator Baseline Fan Watts 136 136 100% 

Walk-In Evaporator Installed Fan Watts 56 56 100% 

Walk-In Evaporator Fan Operating Hours 7,884 7,884 100% 

Quantity Showcase Evaporator Fans 221 221 100% 

Reach-In Evaporator Baseline Fan Watts 46 46 100% 

Reach-In Evaporator Installed Fan Watts 16.0 18.6 117% 

Reach-In Evaporator Fan Operating Hours 8,760 8,760 100% 

Liner Feet of Nigh Curtain Showcases 358 358 100% 

Heat Gain BTUH/LF 610 610 100% 

Refrigeration EER 11.95 10.68 89% 

Efficiency of Night Curtains  80.00% 80.00% 100% 

Disabling Factor – Percentage of Usage 80.00% 80.00% 100% 

Annual Night Curtain Hours 2,920 2,920 100% 

The savings variance is due to the reach-in unit evaporator fans drawing 17% more power than 

anticipated.  Interactive refrigeration savings is calculated using the wet bulb temperature for each TMY 3 

hour per year.  The annual average EER using these temperatures is 11% less than the tracking estimates. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 111,672 kWh.  The evaluation estimates 

annual energy savings to be 105,997 kWh, resulting in an annual energy savings realization ratio of 95%.  

The savings variance is due to the changes in reach-in ECM Wattage and increased interactive 

refrigeration issues discussed above. 

The percentage of savings occurring during energy peak periods was not estimated in the tracking 

analysis. The evaluation finds this value to be 40.3%. The tracking savings included the night curtains 

measure.  The night curtains are used during late evening and early morning hours.  These savings do not 

fall in the on-peak period.  

The summer demand peak reduction is estimated in the tracking analysis to be 22.70 kW.  The evaluation 

estimates the summer demand peak power reduction to be 10.80 kW, resulting in a realization ratio of 

48%.  The variance is due to the inclusion of the night curtain savings which occur outside the on-peak 
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demand period. The demand savings are also affected by the hourly wet bulb based refrigeration 

interactions. 

The winter demand peak reduction is estimated in the tracking analysis to be 22.7 kW, and the evaluation 

found this value to be 10.41 kW, resulting in a realization ratio of 46%.  The variance is due to the same 

interaction discussed in the summer demand. 
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SUMMARY 
This Business Solutions project involves the implementation of the following three refrigeration-related 
efficiency measures at a grocery store.  

1. Replaced standard evaporator fan motors with electronically-commutated motors (ECMs) 

2. Installed anti-sweat door heater controls 

3. Optimized floating head pressure control on the compressors 

Overall evaluated savings are summarized in Table 1.  Project documentation for measure 1 listed above 
was not provided before site visit work was complete. That documentation did not include calculations or 
reporting of savings specific to that measure. Savings values for all three measures listed above were 
provided in a subsequent document that did not include values of the percent energy savings on-peak.  

Table 1: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings 
Evaluated % of 

Tracking 

Annual Energy, kWh 182,000 192,549 39% 

Percent Energy On-peak  N/A 46.4% N/A 

Summer On-Peak kW  17.2 21.4 125% 

Winter On-Peak kW  17.2 22.7 132% 

 

Reasons for the discrepancy between the tracking and evaluated annual energy savings are uncertain 
because insufficient information was provided in the project documentation to determine how the tracking 
estimate was determined. 

PROJECT DESCRIPTION 
The project implemented two efficiency measures on refrigerated casework and walk-ins, plus 
compressor controls at a retail supermarket.  Sixty-seven fractional-hp evaporator fan motors were 
replaced with electronically-commutated motors (ECMs) in cases and walk-ins; humidity-based controls 
were installed on 26 anti-sweat door heaters; and floating head pressure controls were added to the R404a 
refrigeration system.  Each of the measures is described in detail below.  

Pre-Retrofit Case Equipment and Operation 

The pre-retrofit evaporator fans were original equipment in 22 affected cases, which are of various makes 
and sizes. Other cases already had ECMs installed. A total of 67 ECMs were removed for this portion of 
the project. Power ratings for the pre-retrofit motors were not provided. 

The store has 26 reach-in frozen food case doors with built-in glass and frame heaters to prevent 
condensation during high space humidity conditions. These heaters originally operated at a constant full-
power level of 2.76 kW across all cases, regardless of the actual space humidity. 
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Nineteen Copeland compressors were distributed among three racks labeled AL, AR, and B as described 
in Table 2. Compressors AL and AR shared a single condenser. Floating head pressure control was not 
available in the pre-retrofit case.  

Table 2: Pre-Retrofit Compressor Rack Descriptions  

Suction 
Group 

 

Quantities 

Full Load 
Demand Suction  

Pressure/Temp 
(psig/˚F) 

Discharge 
Pressure/Temp 

(psig/˚F) 
Copeland 

Model  (kW) 

AL 
ZF13KVE 1 3.36 

14 / -23 
180 / 85 ZF18KVE 2 4.80 

AR ZB45KCE 5 5.26 50 / 16 

B 
ZB15KCE 1 2.08 

49 / 15 180 / 85 ZB30KCE 1 3.79 
ZB45KCE 6 5.53 

 

Installed Case Equipment and Operation 

With the exception of the implemented energy conservation measures described immediately below, the 
basic installed case refrigeration equipment remained the same as that of the pre-retrofit case. 

Sixty-seven ECM evaporator fans were installed as part of this project. These fans run at all times. Fan 
power ratings were not provided for any of them. 

With the installation of independent anti-sweat controllers at each frozen food case, the heaters now 
energize only when the local space dewpoint rises above setpoint, which can be custom-tailored for each 
unit. 

Appropriate sensors and equipment were installed to allow the store’s energy management system (EMS) 
to control the compressor head pressure according to outside air conditions and refrigeration loads. The 
head pressure is allowed to float down to a minimum of 140 psig.  

 

TRACKING  ANALYSIS   

Tracking Calculation Methodology 
No calculations were provided for the determination of tracking savings for the EC motor installations. 
The installing contractor provided an inventory of existing evaporator fan motors by case or walk-in 
throughout the store, indicating which already had ECMs, allowing for a count of ECMs and cases/walk-
ins. Pictures were also provided of nameplates of two of the pre-retrofit motors and two of the ECMs, but 
no calculations were made available. 
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The power draw for the pre-retrofit case anti-sweat heaters was 2.76 kW, operating continuously 
throughout the year.  Based on previous experience, the TA assumed for the proposed case that the 
system heaters would operate the equivalent of 42.5% of the time at full load. As the analysis was based 
on the TA’s previous experience, no actual data or measurements other than the anti-sweat heaters’ full-
load kW were used to calculate savings. 

The savings due to implementation of head pressure control was also based on the TA’s past experience.  
The final savings was calculated as 4% of the average system power draw operating continuously 
throughout the year. 

 

EVALUATION  ANALYSIS 

Evaluation Calculation Methodology 

Savings from EC motor installations were not addressed in the M&V Plan because relevant information 
for this measure was not provided. An inventory was eventually provided quantifying the evaporator fan 
motors installed in each case/walk-in unit and indicating those that were already EC motors. Pictures were 
provided of two nameplates from the original motors as well as two of the installed EC motors, but the 
inventory did not provide a comprehensive list of both pre-retrofit and installed motor Wattages. The 
evaluators developed a spreadsheet analysis using the inventory of affected casework and motors. The 
evaluators assumed values for the pre-retrofit and installed cases were as specified for the affected 
casework in technical datasheets obtained for the various cases and walk-ins. 

The M&V Plan for the anti-sweat heaters called for logging their power draw to determine the average 
on-time. Because the electrical distribution system provided several end-uses within the cases/walk-ins on 
single circuits, it was not possible to isolate the anti-sweat heaters’ energy consumption. 

Several grocery stores from the same chain received energy conservation measures in the same program 
cycle as the subject store. One of those other stores was included in this evaluation. Because that store 
also received anti-sweat heater controls using the same make of EMS, with TA analysis by the same 
company and installation by the same contractor, the evaluators adopted the same approach as was used 
for that store for this evaluation (see description in the appendix). This approach assumes the following 
relationship between the heater percent full-load power (2.76 kW) and indoor dewpoint temperature: the 

heaters are all off when the dewpoint is at 25˚F or below and operating at full capacity when the dewpoint 

is at 50̊F or above. The percent of full load heater kW increases linearly as the dewpoint increases 

between 25̊F and 50̊F. 

Suction and Head Pressure Controls: Installed Case Logged Trends 

For evaluation of the head pressure controls, the evaluators deployed a set of current transducers to 
monitor the amperage on each of the three phases feeding the compressors in Rack A (both AL and AR 
compressors) and another set to monitor the amperage on each of the three phases feeding the Condenser 
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A fans. Data was logged at 15-minute intervals from October 2, 2012 to November 20, 2012. Coincident 
spot readings of current and power draw were taken during the site visit and the resulting ratio of these 
values was used to convert the trended amp values to kW values. The resulting kW values are plotted in 
Figure 16 in the appendix. 

In addition, the EMS contractor provided hourly data trends for seven full days from October 8, 2012 
through October 14, 2012. These trends included the following data: 

• Indoor and outdoor drybulb temperature 

• On/off status for each of the compressors on Racks A and B 

• Suction pressure and temperature for each of three suction pressure groups (AL, AR, and B) 

• Condensing pressure for Racks A and B 

The EMS indoor and outdoor temperature trends are shown in Figure 1, which also shows the evaluators’ 
logged temperature trend for comparison. Compressor status trends were converted to reflect design kW 
and summed for each compressor group. The resulting design kW trends are shown in Figure 2. The EMS 
pressure and temperature trends for Rack A and Rack B are shown in Figure 3 and Figure 4, respectively. 

 

 

Figure 1: EMS Indoor and Outdoor Temperatures and Logged Outdoor Temperature 
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Figure 2: kW by Compressor Group Based on Status of Compressors and Their Design kW 

 

Figure 3: EMS Rack A Pressures and Temperatures 
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Figure 4: EMS Rack B Pressures and Temperatures 

 

While the pressure trends of Figure 3 and Figure 4 coincide with what the TA calculated, the average 
suction temperatures are significantly higher than expected and clearly erroneous.  For this reason the 
EMS temperature trends were not used and instead the corresponding temperature trends were calculated 
by applying a regression model for the saturation temperature of R404a as a function of saturation 
pressure.  This model is shown in Figure 5.  The resulting temperature trends, shown in Figure 6, coincide 
very closely with the suction and condensing temperatures the TA estimated. 

Figure 5: R404a Saturation Curve 
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Figure 6: Calculated Rack A and Rack B Temperatures 

 

Installed Case Derived kW Trends 

Logged data provided the kW trends for the compressors and condenser fans associated with Rack A but 
not Rack B.  Evaluators estimated the kW trends associated with Rack B by applying a series of 
calculations using performance data for the installed compressors.  For each compressor, we developed a 
regression bivariate polynomial defining EER as a function of condensing temperature and suction 
temperature. The resulting coefficients of determination (r2) were between 0.95 and 0.98.  Evaluators used 
these regression equations to generate a rated-load weighted overall average EER equation for each 
suction group.   

The kW profiles for Rack B’s compressors and condenser fans were then derived through manipulation of 
the three suction group EER equations, and adoption of the following assumptions: 

1. The ratio of AL’s cooling load to AR’s cooling load equals the ratio of AL’s coincident design 
capacity to AR’s coincident design capacity 

2. The operating full load capacity of each condensing unit is proportional to its approach 
temperature, where the constant of proportionality is the ratio of the design full load capacity to 
the design approach temperature. 

3. The part load profile for Rack B is the same as Rack A.   

A detailed discussion of this derivation is given in the Appendix.  Figure 7 summarizes the findings in 
terms of total compressor load, and total compressor and condenser fan kW. 
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Figure 7: Total Installed Case kW and Load 

 

Installed Case Full-Year Extrapolations 

To extrapolate the derived kW trends depicted in Figure 7 to an annual hourly load profile evaluators 
developed and applied several regression models based on the available short-term trends.  The models 
fell into the following five categories. The number of models that were developed in each category is 
shown in parenthesis. 

1. Total compressor load (1) 

2. Indoor drybulb temperature (1) 

3. Compressor suction temperatures (3) 

4. Condenser approach to outdoor drybulb (2) 

5. Condenser fan performance (1) 

All the models were functions of outdoor drybulb temperature, except the first, which was a function of 
indoor temperature. The results of these regressions are shown below in Figure 8, Figure 9, Figure 10, 
Figure 11, and Figure 12, respectively.  Details about how they were developed and applied are described 
in the Appendix. 
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Figure 8: Overall Cooling Load Model 

 

Figure 9: Indoor Drybulb Temperature Model 
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Figure 10: Suction Temperature Models 

 

Figure 11: Condenser Approach Models 
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Figure 12: Condenser Performance Model 

 

Pre-Retrofit Case Full-Year Extrapolations 

Evaluators estimated the pre-retrofit kW trends for an annual hourly profile by applying the same models 
used in the installed case but adjusting the condensing and suction temperatures to reflect the assumed 
pre-retrofit conditions.  Condensing pressure for the pre-retrofit case had been assumed by the TA to be 
180 psig, which for R404a corresponds to 84.6°F.  Suction temperature was assumed to be 16°F for group 
AR, -23°F for compressor group AL, and 15°F for group B.  Evaluators were unable to validate these 
values, but took them to be reasonable. 

Savings 

Demand savings were calculated at each hour of the reference year as the difference between the total kW 
for the pre-retrofit case and the total kW for the installed case.  Winter on-peak savings is 22.7 kW and 
summer on-peak savings is 21.4 kW. The evaluation annual energy savings are 278% of the tracking 
savings value. The specific reasons for this discrepancy are uncertain due to the TA approach of simply 
assuming savings are 4% of annual refrigeration energy consumption while the evaluation calculated 
hourly energy savings throughout the year. The source of the TA-assumed refrigeration pre-retrofit 
energy consumption was not provided.  Figure 13 shows the pre-retrofit and installed case condensing 
temperatures calculated for the evaluation based on typical meteorological year (TMY) data, as well as 
the associated outdoor dry-bulb temperature. Figure 14 and Figure 15 show the reductions in condensing 
temperatures and increases in suction temperatures calculated for the evaluation. 
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Figure 13: Rack A TMY Condensing Temperatures 

 

Figure 14: TMY Condensing Temperature Reduction 
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Figure 15: TMY Suction Temperature Increase 

 

Pre-Retrofit Case Verification 

ECM retrofits were not recognized as part of the Evaluation until after field work had been completed 
because evidence of the retrofit was not provided sufficiently early in the process to include this measure. 
A detailed inventory of evaporator fan motors provided by the contractor who implemented the retrofit, 
plus pictures of two of the pre-retrofit nameplates were provided in the project documentation. Evidence 
that fan motors had been replaced was provided in a photo of removed fan motors in a shopping cart, 
presumably behind the store. 

Anti-sweat heater controls were assumed to have been implemented in the same manner as anti-sweat 
heater controls that were installed in another store belonging to the same chain, using the same EMS by 
the same installer as for the subject store. The full-load kW of the heaters was taken from the TA report. 

The evaluators found that the installed condensing units matched what the TA had used, but found several 
discrepancies between the inventory of compressors found on-site and the inventory identified by the TA. 
These discrepancies are shown in Table 3. The evaluators were unable to verify the pre-retrofit suction 
and condensing temperatures of the respective compressors. 
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Table 3: Compressor Discrepancies  

  % Full Load   Quantities Full Load Demand 

Suction Group TA Evaluation Copeland Model TA Evaluation TA (HP) Evaluation (kW) 

AL 88% 74% ZF13KVE 1 1 4.0 3.36 

      ZF18KVE 1 2 6.0 4.80 

AR 93% 93% ZB45KCE 3 5 4.5 5.26 

B 97% 85% ZB15KCE 1 1 2.0 2.08 

      ZB30KCE 1 1 3.0 3.79 

      ZB45KCE 2 6 4.5 5.53 

 

Key Savings Calculation Inputs 

� Compressor Rack, Condenser Fan, Anti-Sweat Heater 

� Indoor Air Temperature & Relative Humidity 

� Outdoor Air Dry Bulb and Wet Bulb Temperatures 

� Saturated Condenser Temperature 

� Saturated Suction Temperature  

� Compressor Manufacturers’ Performance Data 

Evaluation Data Collection 

Data was collected to confirm the installation of the process changes made under the program and any 
additional changes made since installation. Nameplate data was obtained on the refrigeration equipment. 
Amperage was logged on one of the two compressor racks and its respective condensing unit. Anti-sweat 
heaters were not logged. Indoor and outdoor temperatures were also logged.  Additional trends of 
refrigeration temperatures and pressures, compressor and condenser fan status, and indoor and outdoor 
temperatures were obtained from the controls contractor.  Hourly dry bulb and wet bulb outside air 
temperatures were obtained from two local weather stations for a time period coincident with the data 
collected from the EMS. One-time measurements of amps and volts were taken to corroborate 
corresponding readings from the controls system and loggers.  Facility staff was interviewed to determine 
if current loads and control settings are typical or if seasonal changes are made.  Details about the 
equipment used for logging are given in Table 4. 
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Table 4: Logging Equipment 

Equipment/ 
Parameter 
Metered 

Compressors, Condenser Fans Compressors, Condenser Fans 

Measurement 
Variable(s) 

compressor, condenser fan (amps), indoor 
and outdoor drybulb temperature (°F) 

compressor and condenser fan status 
(on/off), refrigeration suction and 
condensing pressures (psig) and 

temperatures (°F), indoor space drybulb 
and dewpoint temperature (°F) and 

humidity (%RH), outdoor temperature 
(°F) 

Measurement 
Equipment 

Dent ELITEpro (compressors), Pace 
Pocket Logger (condenser fans and 
lighting), Onset Hobo (temperature) 

Store control system 

Type of 
Measurement 
Equipment 

True RMS power logger, CT logger, RTD Store control system 

Installation of 
Monitoring 
Equipment 

clamp-on CTs  N/A 

Frequency of 
Observations 

15 minutes 
 

1 hour 

Duration of 
Metering 

7 weeks 1 week 

Metered by SBW/Rise Store control system 

 

Results 

Evaluated annual energy savings of 70,631 kWh are 39% of the tracking estimate of 182,000 kWh, as 
shown in Table 5. The tracking estimate of savings is based on the implementation of three energy 
conservation measures and Table 6 shows the differences between tracking and evaluation savings 
estimates for each measure. 

Table 5: Overall Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings 
Evaluated % of 

Tracking 

Annual Energy, kWh 182,000 192,549 106% 

Percent Energy On-peak  N/A 46.4% N/A 

Summer On-Peak kW  17.2 21.4 125% 

Winter On-Peak kW  17.2 22.7 132% 

 

The evaluated total annual energy savings is very close to the corresponding TA-estimated value. This is 
due to the good agreement found between the respective values for the measure that dominated the energy 
savings, namely the replacement of existing evaporator fan motors with electronically-commutated fan 
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motors. The remaining two measures showed considerable discrepancies between the evaluated and TA-
estimated savings values, with the differences essentially offsetting each other. The TA under-estimated 
floating head pressure savings by approximately 14.6MWh and over-estimated anti-sweat heater controls 
by approximately 13.6 MWh. The measure-by-measure TA and evaluation savings estimates are provided 
Table 6. 

It is difficult to determine the reasons for discrepancies between tracking and evaluation estimates of 
savings for the anti-sweat heater controls and head pressure optimization measures for two primary 
reasons. In both cases, the TA estimates were based on the TA’s assumption of a rate of savings rather 
than on an analysis of any data. In addition, the savings values estimated by the TA were not those 
claimed in the respective tracking estimates, with no explanation for the changes. For the head pressure 
optimization measure, the number of compressors in place to provide refrigeration was found by the 
evaluators to be greater than the number reported by the TA analyst. This would be expected to increase 
the savings because there are more compressors that would contribute to the savings. 

 

Table 6: Comparison of  of ECM Tracking and Evaluation Savings Estimates 

 
 

Evaporator Fan 
Motor 

Replacements 
Anti-Sweat 

Heater Controls 

Floating Head 
Pressure 

Optimization Total 

Tracking Estimates     

 Annual kWh Savings  149,422 20,386 12,192 182,000 

 % Savings On-Peak  N/A N/A N/A N/A 

 Summer On-Peak kW  17.06 0.07 0.06 17.2 

 Winter On-Peak kW  17.06 0.1 0.05 17.2 

Evaluation Estimates     

 Annual kWh Savings  158,915 6.841 26,792 192,549 

 % Savings On-Peak  46.4% 46% 47% 46.4% 

 Summer On-Peak kW  18.1 0.11 3.2 21.4 

 Winter On-Peak kW  18.1 1.5 3.1 22.7 

 

A comparison of the tracking and evaluation estimates of savings for the evaporator fan motor 
replacements cannot be made because no documentation was provided describing how the tracking 
estimate was obtained.  
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APPENDIX 
ECM #4 Head Pressure Control 

Figure 16: Logged Outdoor Temperature, Rack A Compressor kW and Condenser A Fan kW 

 

 

Installed Case Derived kW Trends 

Lacking actual data trends from the Rack B compressors and condenser fans, evaluators derived the kW 
trends for Rack B’s compressors and condenser fans as follows: 

1. Compressor Suction Group EER - Calculate the EER trends for each suction group by applying 
the respective EER regression equations to the trended values of suction and condensing 
temperatures.  

2. Rack A Compressor Load – Calculate the design cooling capacity profiles for compressor groups 
AL and AR according to the on/off status profiles of their respective compressors. Knowing the 
EER profiles for groups AL and AR, the overall kW profile for Rack A, and assuming that the 
ratio of AL’s cooling load to AR’s cooling load equals the ratio of AL’s coincident design 
capacity to AR’s coincident design capacity, back calculate the cooling load profile for suction 
group AR from Rack A’s kW trend.  Divide the resulting load profile by AR’s EER profile to 
calculate AR’s kW profile.  Assuming AL’s kW profile as the difference between Rack A’s kW 
profile and AR’s kW profile, calculate AL’s load profile by multiplying its kW profile by its EER 
profile. Calculate the respective part load profiles for AL and AR by dividing their respective 
load profiles by their respective design capacity profiles. Finally, calculate the average part load 
profile for Rack A as the average of the AL and AR part load profiles. 
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3. Rack B Compressor Load and kW Trend – Lacking data trends for Rack B, assume that the part 
load profile for Rack B is essentially the same as Rack A.  Calculate the cooling load profile for 
Rack B by multiplying the part load profile by the coincident design capacity profile for Rack B, 
where the design capacity profile depends on the on/off status of the respective group B 
compressors. Divide this cooling load profile by group B’s EER profile to establish Rack B’s 
compressor kW profile. 

4. Condenser A Load and Performance – Calculate Condenser A’s percent full load kW (%FL kW) 
by dividing its operating kW profile by its design full load kW. Obtain Condenser A’s design full 

load capacity (MBH - thousand BTU per hour) from manufacturer’s data assuming a design 
temperature difference of 20°F between the refrigerant and the outdoor air drybulb. Referring to 
this design temperature difference as the “design approach”, and assuming that the operating full 
load capacity of the condenser is proportional to the “actual approach”, derive the operating full 
load capacity profile by multiplying the actual approach by the ratio of the design full load 
capacity to the design approach. Assuming that Condenser A’s operating load (MBH) is the sum 
of Rack A’s compressor load (MBH) and kW (converted to MBH), calculate Condenser A’s 
percent full load capacity (% FL MBH) by dividing its operating load by its operating full load 
capacity. Finally, calculate Condenser A’s performance profile by dividing its percent full load 
kW by its percent full load capacity (%FL kW / %FL MBH). 

5. Condenser B Load and kW Trend – Lacking data trends for Condenser B, assume that Condenser 
B’s performance profile (%FL kW / %FL MBH) is the same as Condenser A’s. Obtain Condenser 
B’s design full load capacity (MBH) from manufacturer’s data assuming a design approach of 
20°F. Derive Condenser B’s operating full load capacity profile by multiplying the actual 
approach by the ratio of the design full load capacity to the design approach. Assuming that 
Condenser B’s operating load (MBH) is the sum of Rack B’s compressor load (MBH) and kW 
(converted to MBH), calculate Condenser B’s percent full load capacity (%FL MBH) by dividing 
its operating load by its design full load capacity. Calculate Condenser B’s operating %FL kW 
trend by multiplying its %FL MBH by its performance profile. Finally, calculate Condenser B’s 
operating kW profile by multiplying its %FL kW profile by its design full load kW. 

Installed Case TMY Extrapolations 

To extrapolate the kW trends depicted in Figure 7 to the reference year, the evaluators developed and 
applied several regression models based on the available short term trends.  The models fell into the 
following five categories: 

1. Total Compressor Load - Recognizing the close correlation between compressor kW and indoor 
air temperature evident in Figure 17, a regression model was generated for the overall compressor 
cooling load as a function of indoor air temperature. This model is shown in Figure 8. 
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Figure 17: Rack A Compressor kW and Indoor Air Temperature 

 

2. Indoor Drybulb Temperature – Indoor drybulb temperature tends to rise and fall in direct 
proportion with outside air temperature, as modeled in Figure 9. At the same time, a close look at 
both Figure 8 above and Figure 9 reveals that it also tends to be controlled so as to not to drop 
below 67°F and or rise above 73°F.   

3. Compressor Suction Temperatures – Regression models were developed for compressor suction 
pressure as a function of outdoor temperature for each of the suction groups AL, AR, and B.  The 
results are shown in Figure 10. 

4. Condenser Approach to Drybulb - Regression models were developed for the condenser approach 
to drybulb as a function of outdoor temperature for Rack A and Rack B in the installed case.  For 
the pre-retrofit case the approach models were assumed to be the same as for the installed case 
except shifted right by an amount equal to the difference in the TA’s assumed pre-retrofit 
minimum condensing  temperature (84.6°F) and the calculated installed minimum approach 
temperature, which was 9.2°F for Rack A and 10.6°F for Rack B. The results are shown in Figure 
11.  

5. Condenser Performance – From the nameplate data shown in Figure 18, the condensing unit is a 
Krack model LAVE24410. The condensing unit features four pairs of fans operating in four 
fixed-speed stages. The motors are three-phase and rated at 460V, 1.7 FLA. Based on the power 
factor of 68% measured on site, full load demand is assumed to be 7.4 kW.   The %FL kW trend 
was calculated by dividing the logged kW trend by 7.4 kW.  
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Figure 18: Rack A Remote Air-Cooled Condensing Unit Nameplate 

 

Manufacturer’s data indicates this unit has a design capacity of 870 MBH when operating with 
R404a at a temperature difference (approach) of 20°F.  The actual approach to drybulb was 
calculated for each timestamp by applying the logged outside air temperature to the model of 
Figure 11. The actual full load MBH trend was then estimated by multiplying design capacity by 
the modeled approach to drybulb temperature and dividing by 20.  The %FL MBH trend was then 
calculated by dividing the calculated full load MBH trend into the calculated load trend (the 
derivation of load will be discussed below).  As shown in Figure 12, the %FL MBH trend is 
markedly lower than the %FL kW trend, revealing a significant degradation in the condenser’s 
performance since the time of its manufacture in July, 2007. Condenser performance was 
assumed to follow the regression model shown in Figure 12, where the ratio of percent full load 
kW (%FL kW) to percent full load MBH (%FL MBH) is proportional to outside air temperature.  
This performance model was assumed to apply equally to the condensing unit serving Rack B.  

The regression models derived above were used to extrapolate the installed case kW and MBH trends 
depicted in Figure 7 to an 8760 hour Worcester TMY year. The installed case extrapolation took the 
following sequence of steps. 

1. Indoor temperature was calculated by applying TMY outdoor drybulb temperature to the model 
shown in Figure 9 and constrained between 67°F and 73°F.   

2. Overall refrigeration load was calculated by applying calculated indoor temperature to the model 
shown in Figure 8. This load was assumed to be distributed across the three compressor groups 
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according the overall average percentages calculated from the trended data: 13.2% for AL, 43.3% 
for AR, and 43.5% for B. 

3. Condenser A and B approach temperatures were calculated by applying TMY outdoor drybulb to 
the models shown in Figure 11. 

4. Rack A and Rack B condensing temperatures were calculated by adding the TMY outdoor 
drybulb temperature to the respective condenser approach temperature. 

5. Suction temperature for each of the three compressor groups was calculated by applying the TMY 
outdoor drybulb to the respective models shown in Figure 10. 

6. EER for each of the three compressor groups was calculated by applying condenser and suction 
temperature to the respective EER regression model for the compressor group derived from 
manufacturer’s data. 

7. kW for each of the three compressor groups was calculated by multiplying the  respective EER 
found in Step 6 by the respective load found in Step 2. 

8. Condenser A and Condenser B loads were calculated by adding the respective refrigeration load 
to the respective compressor kW. 

9. Condenser A and Condenser B full loads were calculated by multiplying the respective design 
full load at 20°F approach by the respective approach temperature found in Step 3 and dividing 
by 20. 

10. Condenser A and Condenser B %FL MBH values were calculated as the ratio of the respective 
load calculated in Step 8 to the full load calculated in Step 9. 

11. Condenser A and Condenser B kW was calculated by applying the respective %FL MBH 
calculated in Step 10 to the regression model shown in Figure 12. 

12. Total kW for the installed case refrigeration system was calculated as the sum of the compressor 
kW found in Step 7 and the condenser fan kW found in Step 11. 
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Application ID: NSTAR CS8377 

Measure Category: Refrigeration 

Project Type: New Construction 

Summary 

This application saves 130% of the energy originally estimated in the tracking analysis.  Results are 

presented in Table 1 below.  A seafood processing plant implemented a new construction measure.  The 

site upgraded existing industrial refrigeration equipment and installed new refrigeration equipment for 

an expansion of the plant.  The primary reason for the increase in energy savings is an increase in the 

evaluation base case annual energy consumption compared to the base case of the tracking analysis.  

Incorrect assumptions of the site refrigeration system’s operating conditions in the tracking analysis 

were identified by the evaluator, and this report adjusts those base case conditions using evaluation 

trend data and metering data. 

Savings Quantity Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Annual Energy (kWh) 374,394 485,604 130% 

% Energy Savings On-Peak 47% 50% 107% 

Summer Peak Demand Reduction (kW) 70.0 61.3 88% 

Winter Peak Demand Reduction (kW) 70.0 51.4 73% 

Table 1:  Summary of tracking and evaluation savings results 

Project Description 

In the base case, the facility had a two-stage ammonia system running at -40°F low-stage suction, +20°F 

intermediate suction, and 95°F discharge.  There are two low-stage screw compressors providing about 

160 TR and two high-stage screw compressors providing about 235 TR.  The low-stage suction group 

serves blast freezers and plate freezers, as well as -10°F suction group including a freezer and an ice 

maker.  The high-stage suction group serves process room coolers.  The facility expanded and required 

additional refrigeration for a loading dock and mezzanine.  The baseline equipment for these cooling 

loads are split refrigeration systems with air-cooled condensing units and unit coolers.  

In the installed case, all existing and new mezzanine/dock cooling loads are handled by the central 

two-stage compressor system.  The site installed an additional low-stage compressor with slide valve 

control and the ability to operate at -20°F suction.  The -40°F suction group is used during operation of 

the plate and blast freezers, and the -20°F suction is used when those freezers are offline.  A new 

high-stage compressor with a variable frequency drive was installed to handle additional facility loads 

and provide improved capacity control in low load conditions.  All new compressors are equipped with 

thermosyphon oil coolers, and all existing compressors were converted from direct expansion to 

thermosyphon oil cooling.  The existing evaporative condenser was replaced with a new oversized 

condenser with VFD fan control.  The site also implemented floating discharge pressure control.  The 

three existing evaporator fans in the process room were retrofit with VFDs as well.   

The energy savings associated with this retrofit measure are derived from several sources.  During 

low-load conditions, the use of the new low-stage and VFD high-stage compressors improve compressor 

performance (kW/ton).  During non-production hours, the low-stage suction temperature is raised 
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to -20°F which also improves the new low-stage compressor performance.  Thermosyphon oil cooling of 

the high-stage compressors and an oversized evaporative condenser allows for a lower minimum 

condensing temperature and lower approach to ambient wet-bulb temperature, which improve 

compressor performance.  Additional savings come from the reduction in fan motor speed and power 

with the use of VFDs for the evaporative condenser and process evaporators during non-production 

hours.   

Production hours at the site are 10 hours per day, five days per week (2,600 hours per year, about 30% 

of all annual hours).  All other annual hours are considered non-production hours (6,160 hours).   

Tracking Analysis 

This section describes the methodologies employed in the original energy study, discusses aspects of the 

methodology that had significant impacts on final energy savings estimates, and describes the tracking 

calculation methodologies.  

Tracking Calculation Methodology 

This section discusses the overall analysis methodology for the tracking analysis.  The first several 

paragraphs describe the general methodology, and subsequent sections highlight the differences 

between the base case and proposed case. 

The tracking analysis was conducted using temperature-dependent bin models with five-degree 

increments.  Weather data for Boston, MA was used for average ambient dry-bulb and wet-bulb 

temperatures and annual hours per temperature bin.  In both the base case and the proposed case 

calculations, there are two bin models to reflect the division of all annual hours into production and 

non-production periods.   

Loads 

Loads for the various spaces are derived from the refrigeration vendor’s estimates.  During production 

hours, the tracking analyst assumed de-rating factors of 85% for all space loads.  During non-production 

hours, the blast freezer, plate freezer, and ice machine are assumed to have no loads.  The storage 

freezer, wet/dry coolers, and ice bin cooler areas are assumed to be at 50% of full-load load during 

non-production hours, and the process area, process chiller, mezzanine, and loading dock have a 

de-rating factor of 25% during non-production hours.  Space loads for the new expansion of the facility 

(mezzanine and loading dock) were derived from Russell refrigerated room load analysis software, using 

inputs from the tracking analyst.  All loads are broken into two groups: one for the low-stage suction 

group, and one for the high-stage suction group.  

The tables below shows refrigeration loads during production and non-production hours, as provided by 

the tracking analyst. 
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Table 2:  Summary of Loads during Production Hours 

 
Table 3:  Summary of Loads during Non-Production Hours 

For the low-stage compressor group, the low-stage load is handled by the two screw compressors 

at -40°F suction and +20°F intermediate discharge according to the refrigeration vendor.  There is a 

discrepancy in the analysis, as the analyst assumed a -30°F suction temperature in the base case.  Using 

the performance data described above, the capacities and bhp/ton for each low-stage compressors is 

calculated.  The two compressors are staged so that one compressor is always base-loaded first, while 

the other handles any trim load.  Using the loads on each compressor and their performances, the total 

low-stage compressor power demand was calculated.  The total heat of rejection for the low-stage was 

Vendor D.F. load

67.2 85% 57.1

27.3 85% 23.2

13.3 85% 11.3

24.0 85% 20.4

112.0

6.4 85% 5.4

3.3 85% 2.8

2.6 85% 2.2

50.0 85% 42.5

58.0 85% 49.3

10.5 85% 8.9

25.0 85% 21.3

132.4

Process Chiller

Mezzanine (new)

Refrig. Dock (new)

High-Stage Subtotal

Ice Machine

Low-Stage Subtotal

Wet Cooler

Dry Cooler

Ice Bin Cooler

Process Area

Refrigeration Load (tons)

Design load at 91F ambient

Unit

Blast Freezer

Plate Freezer

Storage Freezer

Vendor D.F. load

13.3 0% 0.0

13.3 0% 0.0

13.3 50% 6.7

13.3 0% 0.0

6.7

6.4 50% 3.2

3.3 50% 1.7

2.6 50% 1.3

50.0 25% 12.5

58.0 25% 14.5

10.5 25% 2.6

25.0 25% 6.3

42.0

Refrig. Dock (new)

High-Stage Subtotal

Wet Cooler

Dry Cooler

Ice Bin Cooler

Process Area

Process Chiller

Mezzanine (new)

Unit

Blast Freezer

Plate Freezer

Storage Freezer

Ice Machine

Low-Stage Subtotal

Refrigeration Load (tons)

Design load at 91F ambient
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calculated as well by adding the low-stage load with the heat of compression from the low-stage 

compressors.   

In the high-stage compressor group, the total load handled by the compressors was calculated by adding 

the total heat of rejection from the low-stage compressors and the cooling loads from the high-stage 

group at +20°F suction temperature (coolers, ice bin, process areas, process chiller).  The high-stage 

compressors are staged to base-load certain compressors and allow one dedicated compressor to 

handle any trim loads.  The performance curves for each type of compressor were used to calculate 

capacity, bhp/ton, and power demand for each high-stage compressor.   

Performance 

The performance data for the low-stage and high-stage compressors were derived from manufacturer 

selection software.  This applies for all existing case and proposed case ammonia compressors.  The 

tracking analyst typically used performance values for the low-stage compressors at varying suction 

temperatures and for the high-stage compressors at varying condensing temperatures to create trend 

line fits.  Performance data for the baseline efficiency DX condensing units was gathered from 

manufacturer’s catalog datasheets.   

The total heat of rejection to the evaporative condensers is the sum of the total high-stage load and the 

heat of compression for all high-stage compressors.  Evaporator fan power demand was calculated 

depending on cycling fan control (base case) or variable speed drive control (proposed case).  

Energy 

The total power demand is the sum of the low-stage compressors, high-stage compressors, evaporator 

fans, and condensers.  In the base case, the tracking analysis included condensing units and compressor 

power demand for the DX rooftop units providing cooling for the new expansion mezzanine and loading 

dock spaces.  These calculations were conducted for production and non-production periods in both the 

base and proposed cases.  Annual bin hours were multiplied by the power demand in each bin to 

calculate energy consumption per bin.  The total energy use in the base case less the total energy use in 

the proposed case provided the total energy savings value for this entire application. 

Base Case 

In the base case, the low-stage suction temperature is always -30°F in order to maintain temperature for 

the blast freezer and plate freezers.  This was the case regardless of production or non-production 

periods, even though the freezers would not be operating during non-production hours.   

The pre-existing high-stage compressors used slide valves to handle capacity control, and the 

performance curves reflected DX oil cooling and higher condensing temperatures than in the proposed 

case.  Condensing temperatures in the base case were at a 75°F minimum with about an 18°F approach 

to ambient wet-bulb temperature.   

New rooftop condensing units with DX evaporators were used to provide cooling for the medium 

temperature expansions for the mezzanine and loading dock.  Condensing unit and compressor 

performances were calculated using manufacturer’s data at design conditions of 91°F outdoor 

temperature, 20°F suction temperature, 15°F approach to ambient dry-bulb, and 85°F minimum 

condensing temperature.   

Proposed Case 

In the proposed case, the low-stage suction temperature during non-production hours was adjusted up 

to -20°F when the freezers are not in operation.  The addition of a new low-stage compressor with slide 
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valve allows operation at this higher suction temperature.  With the higher suction temperature, the 

performance values of the compressors improved during non-production hours. 

The cooling loads for the new expansion mezzanine and loading dock were included into the high-stage 

compressor loads.  A new variable speed high-stage compressor was added for additional capacity and 

to handle all trim loads with improved part-load performance compared to the base case.  In addition, 

all high-stage compressors were retrofit or outfitted with thermosyphon oil cooling to allow for lower 

minimum condensing temperatures.  Separate performance curves were calculated by the tracking 

analyst for the compressors with thermosyphon oil cooling, and the lowered condensing temperatures 

also improved their performance values.  Condensing temperatures were improved to a minimum of 

60°F with roughly a 12°F approach to ambient wet-bulb temperature.   

The existing evaporative condenser was replaced with a new oversized condenser with variable speed 

fans to add system capacity and lower the minimum condensing temperature and approach to ambient 

temperatures.  

Evaluation Methodology 

The evaluation study uses an 8,760-hour spreadsheet model for a full calendar year to calculate energy 

and demand savings.  This approach is not identical to the tracking analysis, but it does capture more of 

the seasonal variations during the course of the whole year.   

Evaluation power metering of mechanical equipment and site-provided trend data are both used to 

establish installed case energy use and the refrigeration system loads.  Two different load profiles were 

developed to reflect the differences in operation between production and non-production hours.   

The general outline for the evaluation methodology is described below.   

1. Meter power demand (kW) of all compressors for a period of at least 4 weeks including as much 

warm weather as possible.  Conduct spot-metering of process room evaporator fans and 

monitor current (amps) during the same four-week period.    

2. Obtain site-provided trend data to establish installed case compressor suction, intermediate, 

and discharge pressures, slide valve and VFD speeds, process evaporator fan speeds, and 

ambient temperatures.  

3. Determine performance data (bhp/ton) for installed case compressors as provided by the 

tracking analyst and manufacturer selection software.  Inputs for performance data include 

trended suction and discharge pressures.  

4. Calculate production and non-production load profiles using installed case metered power 

demand and manufacturer’s performance data.  Assume the same load profile applies to the 

base case.   

5. Apply load profile, base case suction and discharge temperature profiles, and base case 

equipment performance data and specification (as provided by the tracking analyst and 

manufacturer’s data) to calculate base case power demand. 

6. Comparison of base and installed case power demands for all annual hours will provide annual 

energy savings, peak demand reductions, and on-peak savings.   

Evaluation Data Collection 

The evaluator visited the site on September 28, 2012 and installed clamp-on power meters to monitor 

power demand of the facility’s low- and high-stage ammonia compressors.  Two of the three low-stage 
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compressors were metered, and two of the three high-stage compressors were metered.  Based on 

information from site personnel, the compressors selected for monitoring are the primary base-load and 

trim-load machines.  The unmonitored compressors were not in use during the evaluation metering 

period and serve as backups only. 

In addition, all process room evaporator fans were spot-metered using a temporary clamp-on power 

meter.  As the three process room evaporator fans were installed with VFDs, each fan was spot-metered 

at various speeds using manual override speed control.  Table 4 below summarizes the power metering 

equipment used in the evaluation of this application.   

Equipment Monitored Compressors 
Process Room 

Evaporator Fans 

Parameter Measured Input Power (kW), 

Operating Hours 
Input Power (kW) 

Model of Measurement 

Equipment 
DENT ElitePro Yokogawa CW240 

Type of Measurement 

Equipment 

Power Meter, 

Voltage Clips, 

Current Transducers 

Power Meter, 

Voltage Clips, 

Current Transducers 

Quantity of Measurement 

Equipment 
4 compressors 3 fans  

Installation of Monitoring 

Equipment 

Clamp-on 

(temporary) 

Clamp-on 

(temporary) 

Frequency of 

Observations 
15 minute (interval) 1 second 

(instantaneous) 

Duration of Metering 4 weeks Avg. 12 min each 

Metered by Evaluator Evaluator 

Table 4:  Summary of Evaluation Metering Data 

The refrigeration vendor for the facility coordinated with compressor manufacturer to retrieve site 

trend data for the same monitoring period as the evaluator’s long-term power metering of the 

compressors.  Hourly trend data from September 28 through October 26, 2012 was provided and 

included outside air dry-bulb temperature, low-stage suction pressure (in Hg), intermediate suction 

pressure (psig), and discharge pressure (psig).  In addition, the trend data included slide valve position 

(%) for all six compressors, VFD speed (%) for the newly installed high-stage VFD compressor, and 

process room evaporator fan VFD speeds (%).  It is unclear why the site trend data did not include hourly 

readings each day between 9:00 PM to 12:00 AM.  Since these hours all fall under non-production 

periods, they are ignored in the analysis of the trend data, and averages from other non-production 

hours are used in the evaluation analysis.  

The evaluator confirmed that the performance data for all compressors, condensers, and split systems 

used by the tracking analyst is appropriate for use.  Equipment model numbers and operating conditions 

were confirmed by the evaluator on site.  However, the site-provided trend data indicated that the 

compressors did operate in suction and discharge pressure ranges outside of the performance data 

collected by the TA.  The evaluator used the same manufacturer’s selection software to collect more 

performance data for the same equipment in order to cover installed case operating conditions. 
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Evaluation Savings Analysis 

Installed Case Power Demand 

The evaluator metered power demand for all compressors during the monitoring period on a 15-minute 

basis.  The average hourly power demand for each compressor was correlated with site-provided trend 

data.  The installed case power demand values for low- and high-stage compressors in the evaluation 

model are derived from the average metered power (kW) values for each hour of the day, while 

considering production and non-production periods separately.   

The installed case compressor power demand is not calculated based on performance data, which is 

affected by discharge pressures.  This is because the facility trend data indicated that they maintained a 

relatively constant 173 psig discharge pressure without allowing the condensing temperature to float 

based on an approach to ambient wet-bulb temperatures.  In the tracking analysis, the base and 

proposed cases assumed that there would be floating condensing pressure control with an approach to 

ambient wet-bulb temperature.  However, the evaluation trend data indicates this is most likely not the 

case, as evidenced in Figure 1 below.  

 

Figure 1:  Installed Case Discharge Pressure 

The heat rejection loads from the compressors are calculated with the following expression: 

 Compressor heat rejection load, tons = Compressor power, kW × 3,413 BTUh/kW ÷ 12,000 BTUh/ton 

In a two-stage compressor system, the low-stage load and heat rejection is passed onto the high-stage 

compressors.  The total heat rejection (THR) is handled by the evaporative condenser.  The capacity of 

the condenser is determined by calculating its THR load per °F approach to ambient wet-bulb 

temperature.  In each hour of the evaluation model, the condenser approach to wet-bulb is calculated 

to find the condenser capacity at those conditions.  The percent load on the condenser in each hour is 

equal to the THR divided by the total capacity of the condenser.  The analysis assumes that the 

evaporative condenser is able to provide 10% capacity at 0% fan speed.  Therefore, condenser fan speed 

in each hour is calculated with the following expression. 

 Condenser fan % speed = (Condenser % load – 10%) ÷ (100% – 10%) 
 

Following the affinity law, the percent speed value is cubed to find the percent power.  
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 Condenser fan % power = Condenser fan % speed
3 

If the condenser fan speed is less than the minimum VFD fan speed, the analysis assumes that the 

condenser fans will cycle at their minimum speed for a length of time proportional to the minimum fan 

speed.  The minimum observed condenser fan speed at which the VFDs can operate is 33% (20 Hz).   

 Condenser fan % power = (Condenser fan minimum speed, 33%)
3
 × Condenser fan % speed ÷ 33% 

After the percent power is calculated, that value is multiplied by the maximum condenser fan power to 

find total condenser fan power demand.   

Condenser fan power, kW = (Condenser fan % power ÷ Motor efficiency % + 3% VFD burden ÷ 91.7%)  

× 3 fans × 7.5 hp × 0.746 kW/hp 

Condenser fan motor efficiency depends on the condenser fan percent power value and is determined 

using a motor load vs. efficiency table for 7.5 hp motors based on previous evaluator studies and 

selection software.  These motor efficiencies are not always equivalent to the full-load motor efficiency 

of 91.7% for 7.5 hp motors.  In addition, a 3% VFD penalty is included in the fan power demand, which is 

rated at the full horsepower value for three motors (22.5 hp total).  

The process room evaporator fan power demand is determined in each hour by the average demand for 

the same hour of the day as determined by evaluation spot-metering and long-term monitoring.   

Load Profiles 

Using manufacturer’s data with compressor percent load, suction pressure, and discharge pressure as 

inputs, compressor performance (bhp/ton) is calculated.  Then, compressor load is calculated based on 

installed case compressor power demand. 

 Load, tons = Installed compressor power, kW ÷ 0.746 kW/hp × Motor efficiency ÷ Performance, bhp/ton 

This calculation is conducted for all monitored installed case compressors to determine refrigeration 

loads in the low-stage and high-stage groups.  Low-stage refrigeration loads are not significantly affected 

by outside air conditions.  High-stage loads did not demonstrate a strong correlation with ambient 

temperatures during production or non-production hours, as shown in Figure 2.    

 

Figure 2:  Production Refrigeration Load vs. Ambient Conditions 
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Load profiles for all low- and high-stage groups during both production and non-production periods at 

the site are based on a time-of-day profile.  The evaluator used the average load (tons) for each hour of 

a typical day.  Production and non-production load profiles are used for the base case as well.   

Base Case Power Demand 

Assuming the same low-stage loads for the base case, the two existing compressors operate in a 

lead/backup configuration.  According to the site, the #2 low-stage machine typically handles all of the 

low-stage loads.  Manufacturer’s performance data was used to calculate bhp/ton based on compressor 

percent load, suction pressure, and intermediate discharge pressure.  Low-stage compressor heat 

rejection load was calculated as well. 

 Low-stage compressor power, kW = Load, tons × Performance, bhp/ton × 0.746 kW/hp ÷ Motor efficiency 

 Low-stage heat rejection, tons = Low-stage compressor power, kw × 3,413 BTUh/kW ÷ 12,000 BTUh/ton 

In the baseline system, the high-stage compressor load is split between the existing ammonia 

compressors and new split systems that would have handled the mezzanine and dock cooling loads.  

Based on the TA’s study and documentation from the refrigeration vendor, the dock and mezzanine 

loads are 15% and 6% of the high-stage load at any point in time.  Since the evaluator was not able to 

independently monitor and calculate separate load profiles for the dock and mezzanine, using the 

tracking analysis assumptions is appropriate.  The site personnel confirmed that production levels were 

normal during the evaluation monitoring period, and the dock/mezzanine areas serve similar functions 

(space cooling) as the primary loads in the high-stage group. 

The evaluator used manufacturer’s performance data for the refrigeration split systems to calculate EER 

values depending on ambient dry-bulb temperature for the baseline equipment serving the dock and 

mezzanine.  The split system equipment and assumed operating practices seemed in line with PA 

baseline requirements.  The power demand values for the split systems were calculated. 

 Split system power, kW = Dock/mezzanine load, tons × 12 ÷ Performance, EER 

The remaining high-stage loads are handled by two compressors.  The calculation methodology is similar 

in that performance values are determined based on suction and discharge pressures.  The compressors 

are staged so that the #1 high-stage machine is base-loaded before the #2 machine handles the trim 

load.  Total heat rejection is also calculated for the evaporative condenser.  The methodology for the 

condenser power demand is similar to the description of the installed case condenser above.   

Evaporator fans in the process room are assumed to run constantly at full-speed in the base case.  The 

evaluator spot-metered each of the three fans at full-speed (60 Hz) during the evaluation site visit, and 

the full power values for each fan is used in all 8,760 annual hours. 

Annual Energy Savings 

The sum of all annual hour total power demand in the base and installed cases represent annual energy 

consumption for the base and installed cases.  

 

Table 5:  Summary of Annual Energy Use and Savings 

Base Case Installed Case
Annual 

Savings

Production Hours Annual Energy Consumption (kWh) 657,906 495,827 162,079

Non-Production Hours Annual Energy Use (kWh) 1,390,851 1,067,326 323,525

Total Annual Energy Savings (kWh) 2,048,757 1,563,153 485,604
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The summer and winter on-peak demand (kW) reductions, seasonal peak reductions, and on-peak 

savings are based on PA-provided definitions of those seasonal hours.  The summer on-peak reduction is 

61.3 kW, and the winter on-peak reduction is 51.4 kW.  The on-peak percentage of savings is 50%. 

The summer on-peak period is June-August from 1:00 to 5:00 PM on weekdays, less holidays 

(260 hours).  The winter on-peak period is December and January from 5:00 to 7:00 PM on weekdays, 

less holidays (84 hours).  The on-peak period is during all weekdays, less holidays, from 6:00 AM through 

10:00 PM.    

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and evaluation 

analysis.  Reasons for discrepancies are presented as well as their qualitative impacts on final project 

energy savings realization.   

Tracking Analysis Base Case 

The evaluation analysis confirmed that some assumptions in the tracking analysis for the base case were 

not properly vetted.  Major factors that affect compressor performance are suction and discharge 

pressures.  Evaluation trend data shows that the suction and discharge pressure profiles used in the TA 

were not reflected in actual site operation and that the TA values improved compressor performances in 

the base case.  With better performance, the TA predicted a base case annual energy use that is not as 

high as it might have been with evaluation-observed trend data. The evaluation analysis uses actual 

observed suction and discharge values in the evaluation base case analysis, which increased the base 

case annual energy use compared to that of the tracking analysis.  

 

Figure 3:  Evaluation Low-Stage Suction Pressure Trend Data 

The tracking analysis assumed warmer suction temperature values in the base case compared to the 

evaluation findings, which improved low-stage compressor performance values relative to those seen in 

the evaluation analysis.  In addition, there are discrepancies with the TA’s reported base case suction 

temperature of -40°F (the same value in the site’s refrigeration vendor documentation) and the tracking 

analysis spreadsheet which calculated compressor performances at -30°F.  In Figure 3 above, the suction 

pressures during the evaluation monitoring period ranges between 8 and 12 inches of Hg for the 

majority of the time.  This corresponds to an approximate range of -39°F to -45°F suction temperature, 
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which is lower than the TA assumed value of -40°F and much lower than the actual value of -30°F used 

in the TA analysis.  Based on the evaluator’s discussions with the site operator and their refrigeration 

vendor, the site intentionally keeps the suction pressure lower than required.   

The TA also assumed that the site operates the discharge temperature based on floating control with an 

approach to ambient wet-bulb conditions down to a minimum value. However, the evaluation trend 

data showed that the discharge pressure remained relatively constant over a broad range of ambient 

conditions and at a much higher average than that assumed in the tracking analysis (Figure 1 in previous 

pages).  There is also no evidence that floating head pressure control was used before this measure was 

implemented at the site, especially since the discharge pressure reset is not displayed in the installed 

case.  Since the TA assumed overall lower discharge temperatures, the base case high-stage compressor 

performances are better than those values assumed in the evaluation base case.  This factor also shows 

that the tracking analysis base case energy consumption was not as high as it might have been if the 

actual site operating conditions were factored into the tracking analysis.  

Overall, the deficiencies in verification of the base case conditions in the tracking analysis led to a 

discounting of the TA total annual energy savings, since the tracking analysis base case energy use was 

lower than what the actual operating conditions might have dictated.  Had the TA used suction and 

discharge pressures in line with the observed conditions at the site, the TA base case refrigeration 

energy use could have been increased by about 14%.  This increase in TA base case energy use would 

have raised the TA annual energy savings by 41%.   

Load Profiles 

The tracking analysis assumed that the low-stage loads would drop from an average of 112 tons during 

production hours down to only 7 tons during all non-production hours.  Figure 4 below shows low-stage 

loads during the evaluation monitoring period.  The evaluation metering data, trend data, and calculated 

low-stage load profile indicates that low-stage loads never get as low as predicted by the TA during 

nights and weekends.  The site confirmed that at least one blast freezer is operating 80% of all annual 

hours, and this is shown by an average load in the 50-ton range during non-production hours.   

 

Figure 4:  Evaluation Monitored Low-Stage Loads 
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The average low-stage load during production hours is only 48% of the assumed load in the tracking 

analysis, as shown below in Table 6.  However, the large increase in ton-hours in non-production hours 

is dominant since non-production hours make up 71% of annual hours.  The term “non-production” 

reflects the site’s definition of when personnel are actively processing product during weekday working 

hours.  Overall there is a 39% increase in low-stage loads.   

 
Table 6:  Comparison of Tracking and Evaluation Load Profiles 

Since there are more ton-hours in the low-stage side, there is also an increase in ton-hours on the 

high-stage side with an overall increase of 62%. Even though the overall load profile increased 

significantly in the evaluation compared to the tracking analysis, the total evaluation annual energy 

savings were tempered by a reduction in possible savings observed in the installed case. 

Installed Case Observations 

The new controls practices in the new construction energy conservation measure outlined by the 

tracking analysis were not all implemented when the evaluator visited the site and monitored the 

installed case.  While this measure is realizing energy savings from the installation of higher efficiency 

equipment, installed case controls observed at the site did not realize as much energy savings as 

possible.  The major components of the controls in this ECM include low-stage suction pressure reset 

and discharge pressure floating control. 

Some energy savings claimed by the tracking analysis came from the ability to raise the low-stage 

suction temperature during non-production hours from -40°F to -20°F.  Evaluation trend data indicates 

that the suction pressure hovered between 8 and 12 inches of Hg (about -39 to -45°F ammonia).  A 

sensitivity exercise of the evaluation analysis shows that even a 10°F increase in suction temperature 

would yield a 15% decrease in installed case energy use.  However, this suction pressure reset schedule 

is not possible at the site, because a blast freezer is operating at -40°F suction during the majority of the 

whole year.  This suction temperature requirement was not reflected in the tracking study.  

The tracking analysis assumed that the new oversized evaporative condenser would be controlled to 

maintain discharge temperature with an approach to ambient wet-bulb temperature with a minimum of 

60°F discharge.  However, Figure 1 shows that the discharge pressure had an average pressure of 

173 psig (92°F) across an ambient temperature range from 35°F to 80°F.  Additional energy savings could 

be realized at the site had the controls been adjusted after the measure was implemented. 

Conclusion 

The tracking analysis base case did not reflect actual operating conditions at the site.  More rigorous 

vetting of base case equipment and controls should be included in tracking analyses to ensure that base 

case annual energy use values, and thus total annual energy savings, are stated properly.  As discussed 

above, the tracking analysis did not claim as much savings as it may have been able to.  Since the TA 

assumed a more energy efficient base case than the evaluation base case, the TA overall energy savings 

Parameter
Tracking 

Value

Evaluation 

Value

Evaluation ÷ 

Tracking

Production Low-Stage Load Profile (ton-hr) 292,078 140,396 48%

Non-Production Low-Stage Load Profile (ton-hr) 40,917 320,940 784%

Total Low-Stage Load Profile (ton-hr) 332,995 461,336 139%

Production High-Stage Load Profile (ton-hr) 345,131 333,984 97%

Non-Production High-Stage Load Profile (ton-hr) 258,451 646,168 250%

Total High-Stage Load Profile (ton-hr) 603,582 980,152 162%
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value is most likely too conservative.  Although the overall realization ratio of this application may be 

favorable, this realization ratio would be lower had the tracking analysis base case properly reflected 

site conditions. 

As for the installed case, it is unclear if post-installation commissioning of the site refrigeration system 

occurred.  The evaluation trend data review and equipment power metering indicate that the controls 

prescribed by the TA study were not implemented along with the new equipment.  Despite the savings 

stemming from improved equipment, energy savings are most likely not fully realized without the 

suction and discharge pressure controls discussed by the tracking analysis and refrigeration vendor.   

Savings Analysis and Verification  

The annual energy savings estimated in the tracking analysis is 374,394 kWh.  The evaluation estimates 

annual energy savings to be 485,604 kWh, resulting in an annual energy savings realization ratio of 

130%.  The primary factor for the increase in savings is due to an increase in the evaluation base case 

energy use compared to that of the tracking analysis.  The reason for the base case energy increase is 

incorrect assumptions of the site’s base case operating conditions in the tracking analysis.  There are 

penalties in total energy savings due to the inability of the site to implement low-stage suction reset 

during non-production hours and lack of floating discharge pressure control. 

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 47% 

while the evaluation finds this value to be 50%, which results in a realization ratio of 107%.  It is not clear 

how the tracking analysis percent on-peak savings is calculated.   

The summer demand peak reduction is estimated in the tracking analysis to be 70.0 kW.  The evaluation 

estimates the summer demand peak power reduction to be 61.3 kW, resulting in a realization ratio of 

88%.   

The winter demand peak reduction is estimated in the tracking analysis to be 70.0 kW, and the 

evaluation found this value to be 51.4 kW, resulting in a realization ratio of 73%. 
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SUMMARY 
This Custom Solutions process cooling project involved replacing an existing 450-ton constant-speed 
chiller with 600-ton VFD-driven chiller in a central chilled water plant. Chilled water loads are primarily 
process-related, but the chilled water system also serves some air-conditioning loads in the summer. Table 
1 summarizes the evaluation findings. The difference between the tracking estimate and the evaluated 
savings arises from a reduction in the predicted load. 

Table 1: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings 
Evaluated % of 

Tracking 

Annual Energy, kWh 173,155 215,057 124 
Percent Energy On-Peak 49% 53% 108 
Summer On-Peak kW  23.8 19.9 84 
Winter On-Peak kW  23.8 39.7 167 

  

PROJECT DESCRIPTION 
This Custom Solutions process cooling project replaced an existing 450-ton constant speed chiller with a 
600-ton VFD-driven chiller in a central chilled water plant. The original 21-year-old 450-ton chiller was 
of insufficient capacity so a larger chiller was needed.  The base case model was a 600-ton constant-speed 
chiller and the installed case a 600-ton VFD-driven chiller. 

Base Equipment and Operation 

A Carrier model 19XR-555 (constant speed) water-cooled chiller operated under the same load, on the 
same schedule and at the same setpoints as in the installed case. 

Installed Equipment and Operation 
The installed case used a Carrier model 19XRV-555 (variable speed) chiller that operated as the lead 
chiller in a 5-chiller system, to generate 38ºF chilled water 24 hours per day, between 5 to 6 days per 
week, September through May (9 months).  From June through August (3 months) the chiller operated 24 
hours 7 days per week in order to offset the summer humidity loads in the product storage space.  The 
annual average load was 372 tons.  
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TRACKING  ANALYSIS   

Tracking Calculation Methodology 

The chiller vendor originally generated a savings analysis using Carrier’s proprietary software. That 
analysis was submitted with the original application.  The analysis assumed the 19XR-555 chiller for the 
base case, the 19XRV-555 for the installed case, and a fixed load of 450 tons at 38ºF leaving chilled 
water temperature and ARI standard entering condenser water temperature. This resulted in a proposed 
overall annual savings of 587,424 kWh (less than 1% of which was derived from the cooling towers). 
That estimate was more than three times the tracking estimate.  

Upon review of the application the PA analyst considered the proposed savings to be too high since the 
chiller’s load according to the application paperwork is 550 tons, not 450 tons as assumed in the vendor’s 
software, and the claimed operating hours were 5 days per week for 9 months of the year and 7 days per 
week for the remainder, not 7 days per week year-round. The PA analyst then performed his own analysis 
of the data tables provided by the vendor’s software to derive a revised estimate of the annual kWh 
consumption and peak demand for each of the chillers, and from there a revised estimate of annual 
savings.  Savings associated with the cooling tower was ignored.  For each chiller, he determined the 
annual kWh and peak kW in the following manner: 

1. Picked from the vendor’s data tables one fixed performance value (kW/ton) at 450 tons and one at 
550 tons 

2. Used these values to calculate the respective kW at each of these loads 

3. Multiplied the respective kW values at each of these loads by half the presumed correct total 
annual operating hours of 7280 hrs (24/5 October through April and 24/7 May through 
September) to estimate the total kWh at each of these loads 

4. Added the total kWh at each of these loads to determine the overall annual kWh 

5. Divided the annual kWh by the correct total annual operating hours to determine the annual peak 
operating kW 

He then calculated a revised estimate of annual savings by subtracting the revised annual installed case 
numbers from the revised annual base case numbers.  In this manner, the PA analyst estimated the peak 
kW savings to be 23.8 kW, and the annual kWh savings to be 173,155 kWh, which was less than a third 
of the vendor’s original estimate. 

Those are the savings numbers that were assigned to the program tracking database. 

EVALUATION METHODOLOGY  
The Evaluator met with the facility staff to obtain as much data as possible.  The facility provided fifteen 
chiller logs (5 days each for winter, summer, and spring) which contained bihourly data for chilled water 
temperatures, chiller electrical load percent, and chiller amps. The facility refused to provide any 
production level data. Chilled water flow rate and chiller part load performance data were obtained from 
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the Carrier data sheets prepared by the TA and used by the PA in estimating the savings to be realized 
from this project. Baseline and installed chiller part load performance data sheets are shown in the 
Appendix. No trend logs were available, so the Evaluator installed loggers to capture chiller kW, outdoor 
air temperature, and cooling tower amps. 

The plan was to create a model whereby OAT and production schedule could be used to determine energy 
usage.  The logged chiller kW and OAT data were analyzed but no correlation was found. Further, since 
no production data could be obtained, production levels could not be used as a driver for a model either. 
The Evaluator decided to use the chiller log sheets to develop seasonal load profiles to drive a model for 
the savings calculation. 

An annual load profile was developed from three sets of log sheets provided by the facility representing 
winter, spring and summer operation.  Fall was assumed to be the same as spring.  The log sheets tracked 
supply and return chilled water temperatures, electric load percentage, outside air temperature, and amps 
on a bihourly basis.  The water temperatures along with the constant water flow rate (1435 gpm) were 
used to generate bihourly chiller load for four seasons divided into weekdays and weekends. This load 
profile was used with the manufacturer’s part-load performance curves to determine average bihourly kW 
values. A sample of this data is shown in Table 4 in the Appendix. The bihourly data was extended to 
hourly by assuming the values remain unchanged between bihourly points.  Facility staff said that outside 
of summer, usage was 5-7 days per week as dictated by production needs.  The month of logged data we 
metered showed some Saturday shut downs, so for all seasons except summer, the chiller was assumed to 
be off on Saturday. There were also some times on the log sheets where the chiller was offline, these 
resulted in either energy reductions when averaged with other values, or, if that was the only 
representative for that type of hour, zero energy usage for that hour.  This resulted in a total of 7262 hours 
of operation throughout the year, just 18 hours less than the tracking estimate.   These values were then 
extrapolated to a full year on a seasonal basis to determine the annual kWh and seasonal demand for both 
the installed and base cases. 

Baseline Verification 

Since the existing equipment was at the end of its useful life it needed to be replaced.  Therefore the base 
case is defined as the non-VFD, code compliant version of the installed chiller. It was confirmed that 
because the temperature of the chilled water is below 40°F it was not subject to energy code efficiency 
requirements. That said, the baseline chiller was a high efficiency model. There was no evidence to point 
to a significant change in plant operations, so the plant load is assumed to be the same and unaffected by 
the installation of the new chiller. 

Chiller performance data sheets provided by Carrier were used to determine part-load performance curves 
and the chilled water flow rates used in those data sheets to estimate both baseline and installed chiller 
performance were assumed for the evaluation. No on-site data were obtained for the chilled water flows. 
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Key Savings Calculation Inputs 

� Chiller nameplate data and manufacturer’s part load performance data for the base case and 
installed equipment 

� Trends of chiller load  (GPM and temperature differences) 

� Trends of chiller  

� Trends of outdoor air temperature 

� Chiller operating schedules 

Evaluation Data Collection 

Short-term monitoring was performed according to the parameters outlined in Table 2. 

Table 2: Monitored Equipment 

Equipment/ 
Parameter Metered Chiller and Tower Fans 

Outdoor 
Temperature 

Measurement Variable(s) kW, amps Temperature 

Measurement Equipment Onset Hobo Energy Pro  Onset Hobo U-12 

Type of Measurement 
Equipment 

Single channel  power  Single channel 
temperature  

Installation of Monitoring 
Equipment 

Clamp-On CTs and Voltage 
taps 

None 

Frequency of Observations 5 minutes, average  5 minutes, average 

Duration of Metering 1 month 2 months 

Metered by SBW/Electrician SBW 

 

Results 

Evaluated savings (215,057 kWh) are 124% of the tracking savings (173,155 kWh). Differences between 
evaluation and tracking savings were mainly due to the load being lower than the tracking assumption.  
The annual average load was 372 tons as opposed to the tracking data average assumed load of 500 tons 
(a 26% reduction). Further, the lower load represents a place on the performance curve where the VFD 
chiller provides greater advantage over the non-VFD chiller (62% load in the evaluation rather than 83% 
in the tracking analysis), but also lower overall energy consumption. The performance curves are shown 
in Figure 1 in the Appendix. 

Table 3: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings 
Evaluated % of 

Tracking 

Annual Energy, kWh 173,155 215,057 124 
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Savings Quantity Tracking Estimate Evaluated Savings 
Evaluated % of 

Tracking 

Percent Energy On-Peak 49% 53% 108 
Summer On-Peak kW  23.8 19.9 84 
Winter On-Peak kW  23.8 39.7 167 
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APPENDIX 

Data Summaries 

Data used in the determination of savings for this project as well as samples of calculation sheets 
excerpted from Excel worksheets are included below. 

The values in Figure 1 originated from the data provided by the manufacturer as shown in Figure 2 and 
Figure 3. 

Figure 1: Chiller Part-Load Performance Curves for Baseline and Installed Chillers 
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Figure 2: Manufacturer Performance data - Installed equipment 
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Figure 3: Manufacturer Performance data – Base Case Equipment 
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Table 4: Sample of Averaged Bihourly Load Data 

Season Day Type Hour 

Average 

of load 

% 

Average of 

Chiller Load 

(Tons) 

Average 

of OAT 

Average 

of VFD kw 

Average 

of Non-

VFD kw 

Winter Week Day 1 0.67 402.0 36.00 194 237 

Winter Week Day 3 0.67 402.0 35.25 197 239 

Winter Week Day 5 0.67 402.0 33.50 197 239 

Winter Week Day 7 0.67 402.0 26.50 194 237 

Winter Week Day 9 0.74 446.7 31.00 236 269 

Winter Week Day 11 0.72 431.8 40.00 221 258 

Winter Week Day 13 0.69 416.9 44.25 206 246 

Winter Week Day 15 0.74 446.7 43.00 236 269 

Winter Week Day 17 0.72 431.8 38.00 221 258 

Winter Week Day 19 0.67 402.0 35.25 194 237 

Winter Week Day 21 0.69 416.9 34.00 206 246 

Winter Week Day 23 0.67 402.0 34.75 194 237 

Winter Week Day Total 0.69 416.9 35.96 208 248 

Winter Week End 1 0.89 536.0 25.00 329 345 

Winter Week End 3 0.69 416.9 24.00 206 246 

Winter Week End 5 0.69 416.9 24.00 206 246 

Winter Week End 7 0.50 297.8 35.00 125 181 

Winter Week End 9 0.60 357.3 38.00 158 209 

Winter Week End 11 0.60 357.3 42.00 158 209 

Winter Week End 13 0.60 357.3 44.00 158 209 

Winter Week End 15 0.60 357.3 43.00 158 209 

Winter Week End 17 0.79 476.5 33.00 266 293 

Winter Week End 19 0.00 0.0 30.00 0 0 

Winter Week End 21 0.60 357.3 28.00 158 209 

Winter Week End 23 0.89 536.0 27.00 329 345 

Winter Week Total 0.62 372.2 32.75 188 225 
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Figure 4: Chiller Log Sheet 
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Application ID: NSTAR CS8448 

Measure Category: Refrigeration 

Project Type: New Construction 

Summary 

This project installs two new refrigeration rack systems and five hybrid condensers to reduce energy 

consumption and increase ambient cooling capacity. 

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 220,583 kWh is 33.0% greater than the tracking estimates. Summer on-peak demand savings is 

5988% more than the tracking estimates and winter on-peak demand savings are 10307% greater than 

anticipated.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 

Estimate 

Evaluation 

Estimate 

Evaluation / 

Tracking 

Annual Energy (kWh) 166,582 220,853 133% 

% Energy Savings On-Peak N/A 48.3% N/A 

Summer On-Peak Demand (kW) 0.72 43.18 5988% 

Winter On-Peak Demand (kW) 0.17 17.93 10307% 

Project Description 

The existing refrigeration systems for this store consisted of three racks located in the mechanical room. 

Each rack was connected to a dedicated air-cooled condensing unit. Two of the three refrigeration racks 

were replaced. The condenser fans were also replaced.  The existing air cooled condensers were not used 

as the baseline equipment.  Three less efficient air-cooled condensers were identified for use as the 

baseline. 

Refrigeration Rack-A operates at a -25°F suction temperature and has a design load of 265,200 BTU/HR. 

Operation is based upon a 105°F condensing temperature in the baseline.  The installed Rack-A is 

designed to operate at a 95°F condensing temperature.  Refrigeration Rack-B has a 15°F suction 

temperature and has a 1,313,900 BTU/HR rated capacity. It had a 110°F condensing temperature in the 

baseline. The condensing temperature was reduced to100°F with the new equipment. Five new hybrid 

condensing units were installed.  These units are equipped with evaporative pre-coolers and electrically 

commutated fan motors. 
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Tracking Analysis 

Tracking Calculation Methodology 

Savings were originally calculated in a spreadsheet bin using manufacturers’ data and specifications.  

This data was later modified to include refrigeration load profiles estimated using a commercial load 

shape program.  The working calculations for the savings are native to the software are ere not provided.  

The program calculates the heat rejection, compressor kW, fan kW using the equipment specifications, 

outside air temperatures, and design condensing temperature.  This is done for each rack for both the 

baseline and installed scenarios.  The calculations are performed for the winter period [January], the 

summer [July/August], and for the April swing period.  These calculations cover the range of expected 

outside temperatures and the savings are annualized using this temperature/performance analysis.   

The output data for the design months was provided in PFD form.  This calculated output data was 

reviewed.  Regression analyses were created from this data for the fans and compressors for both the 

baseline and installed scenarios. 

Discussion of Tracking Analysis 

This tracking methodology provides a comprehensive approach to estimating savings for this measure.  

The savings are calculated using the manufacturers’ specifications for the baseline and installed 

equipment. The analysis software calculates performance for the fans and compressors independently for 

each rack using hourly weather data that covers typical operation over the entire year. 

Baseline Validity 

The baseline and installed refrigeration equipment is based upon manufacturers’ specifications. The 

baseline condenser fans are less efficient replacement units compared to the hybrid condensers.  These 

baseline assumptions are valid.   

Evaluation Methodology 

A comprehensive site visit was conducted. The new refrigerated racks and condensing units were 

inventoried and nameplate data collected. The operation of the new equipment was discussed with facility 

personnel. The electrical breakers for each load were identified in the electrical room panels for the 

condensing units.   

Two Elite power loggers were installed to monitor the operation of the condenser fans.  One logger 

monitored units 3 & 5.  The second logger monitored condensing units 1, 2, and 5. Two additional 

loggers were installed to monitor the total power of the installed refrigeration racks. One logger 

monitored Rack-A. The second logger monitored Rack-B. The condenser fans are independent loads and 
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are not included in the refrigeration logger monitoring. This monitoring captured the operation of all of 

the equipment installed in this measure. 

Evaluation Data Collection 

The make, model, and quantity of new the refrigeration racks and condensing units were recorded.  The 

nameplate information was collected. This data collected at the site matches the tracking information for 

the installed systems. The operation of the new equipment was discussed with store personnel.  The new 

refrigeration racks and compressors were operating without problem. 

The Elite loggers were installed on February 21, 2013.  The power loggers recorded voltage, amperage, 

and kW every 15-minutes through the 29-day monitoring period. Outside air temperatures concurrent 

with the monitoring period were obtained for use in the analysis. 

Evaluation Savings Analysis 

Annual savings are calculated in an 8,760 hour spreadsheet. That spreadsheet calculates the operation and 

savings for the compressors and condenser fans using regression analysis formulas obtained from the 

tracking documentation for the baseline equipment and from the monitored power data when compared to 

outside air temperatures during the monitoring period. 

A pivot table is created that shows the average power in kW at each temperature. This is done for the fans 

and compressors from the baseline data and for the fans and compressors from the monitored data. That 

data is used to generate a scatter plot showing each temperature/power point. A trend line is created in 

each scatter plot. This trend line shows the relationship of power to temperature and generates a 

polynomial equation that is used to calculate power for any hourly temperature in the 8,760 analysis. The 

regression analysis formula format is: 

     (      )   (      )   (     )       

where: 

kW = Power in kW 

X^3 = Outside air temp WB cubed 

f3 = Cubic regression factor 

X^2 = Outside air temp WB squared 

f2 = Squared regression factor 
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X = Outside temp WB 

f = regression factor 

Int = Intercept 

The regression formulas are used to calculate the energy usage for the condenser fans and compressors for 

both the baseline and site evaluation. The total power for the fans and compressors are added together to 

obtain total power. The total power for the evaluation formula is subtracted from the total power for the 

baseline. The summation of this difference for each hour in the 8,760 hour calculation provides total 

annual savings. Figure 1 shows the scatter plot for the baseline condenser fans. Figure 2 shows the plot of 

the baseline compressors. Figure 3 and Figure 4 shows the same loads from the site monitoring 

respectively. 

Figure 1: Baseline Condenser Fan 

 

Figure 2: Baseline Compressors 
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Figure 3: Installed Condenser Fans 

 

Figure 4: Installed Compressors 
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Hourly savings were summed to generate annual savings.  Summer and winter demand savings were 

calculated for the hours in those periods.  The savings for day one of the analysis is provided in Table 2 

below. 

Table 2: Calculation Spreadsheet 

y = -0.0002x3 + 0.011x2 - 0.174x + 140.14

R² = 0.1881
134
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146
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Figure 5 and Figure 6 show the monitoring data for refrigeration Rack-A. Figure 7 and Figure 8 shows the 

monitored data for refrigeration Rack-B. 

Figure 5: Rack-A Profile 

-12.00 -11.00 Min 0.10 99.65 99.75 0.00 140.60 140.92 1.47

77.00 90.00 Max 9.25 139.54 140.21 16.50 195.10 211.60 101.70

Totals Totals 16,180 1,162,343 1,178,523 14,757 1,384,618 1,399,375 220,853

Worcester MA TMY3 Temp SAVINGS

Date Month Day

D of 

Wk

OWB 

Temp

ODB 

Temp Hour

Site 

Condenser 

Fan kW

Site 

Compressors

Site Total 

kW

Tracking 

Condenser 

Fan kW

Tracking 

Compressors

Total 

Tracking 

kW

kWh 

Savings

1/1/2011 Jan Sat 7 25 29 1 0.67 139.54 140.21 0.99 155.86 156.85 16.64

1/1/2011 Jan Sat 7 25 28 2 0.67 139.54 140.21 0.99 155.74 156.72 16.52

1/1/2011 Jan Sat 7 24 28 3 0.67 139.54 140.21 0.95 155.74 156.68 16.48

1/1/2011 Jan Sat 7 24 27 4 0.67 139.54 140.21 0.95 155.60 156.55 16.35

1/1/2011 Jan Sat 7 24 27 5 0.67 139.54 140.21 0.95 155.60 156.55 16.35

1/1/2011 Jan Sat 7 24 26 6 0.67 139.54 140.21 0.95 155.47 156.41 16.21

1/1/2011 Jan Sat 7 23 26 7 0.68 139.52 140.20 0.90 155.47 156.37 16.16

1/1/2011 Jan Sat 7 24 27 8 0.67 139.54 140.21 0.95 155.60 156.55 16.35

1/1/2011 Jan Sat 7 25 29 9 0.67 139.54 140.21 0.99 155.86 156.85 16.64

1/1/2011 Jan Sat 7 26 30 10 0.66 139.54 140.20 1.02 155.98 157.00 16.80

1/1/2011 Jan Sat 7 26 30 11 0.66 139.54 140.20 1.02 155.98 157.00 16.80

1/1/2011 Jan Sat 7 26 31 12 0.66 139.54 140.20 1.02 156.10 157.12 16.92

1/1/2011 Jan Sat 7 26 31 13 0.66 139.54 140.20 1.02 156.10 157.12 16.92

1/1/2011 Jan Sat 7 25 30 14 0.67 139.54 140.21 0.99 155.98 156.97 16.76

1/1/2011 Jan Sat 7 25 30 15 0.67 139.54 140.21 0.99 155.98 156.97 16.76

1/1/2011 Jan Sat 7 24 29 16 0.67 139.54 140.21 0.95 155.86 156.81 16.60

1/1/2011 Jan Sat 7 23 27 17 0.68 139.52 140.20 0.90 155.60 156.51 16.30

1/1/2011 Jan Sat 7 21 26 18 0.69 139.48 140.18 0.78 155.47 156.24 16.07

1/1/2011 Jan Sat 7 20 24 19 0.70 139.46 140.16 0.70 155.17 155.87 15.71

1/1/2011 Jan Sat 7 18 22 20 0.71 139.41 140.12 0.52 154.83 155.35 15.23

1/1/2011 Jan Sat 7 16 19 21 0.72 139.35 140.07 0.28 154.26 154.54 14.47

1/1/2011 Jan Sat 7 14 17 22 0.72 139.31 140.03 0.00 153.81 153.81 13.78

1/1/2011 Jan Sat 7 13 16 23 0.10 139.30 139.40 0.32 153.57 153.89 14.50

1/1/2011 Jan Sat 7 12 15 24 0.10 139.29 139.39 0.32 153.32 153.64 14.25

EVALUATION TRACKING
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Figure 6: Rack-A Monitoring Profile  

 

Figure 7: Rack-B Profile 
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Figure 8: Rack-B Monitoring Profile 

 

Figure 9 and Figure 10 show the weekly operating profile and power usage over the monitoring period for 

condensers 3 and 4. Figure 11 and Figure 12 shows the same data for condensers 1, 2, and 5. 

Figure 9: Condensers 3 & 4 Profile 
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Figure 10: Condensers 3 & 4 Monitoring Profile 

 

Figure 11: Condensers 1, 2, & 5 Profile 
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Figure 12: Condensers 1, 2, & 5 Monitoring Profile 

 

 

Verification of Equipment and Operating Parameters 

Table 3 below provides a comparison of the data that contribute to the calculated energy savings. 
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Table 3:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

Annual Operating Hours 8,760 8,760 100% 

Average Installed Compressor kW 142.76 132.69 93% 

Average Baseline Compressor kW 161.54 158.06 98% 

Average Installed Condenser kW 4.60 2.88 63% 

Average Baseline Condenser kW 3.80 3.68 97% 

The savings variance is primarily due to changes in the average operation of the installed equipment. The 

installed condenser fans are operating with an average 37% less power than anticipated. The tracking 

calculations also assume that the installed condensers will operate at 0.80 kW greater average power than 

the baseline equipment. This increase in condenser load is due to the change in condensing temperatures 

between the baseline and installed compressors. [Rack-A 105°F - condensing temperature in the baseline 

and 95°F installed. Rack-B 110°F - condensing temperature in the baseline and 100°F installed]. 

Monitoring showed that the installed units are operating at lower average kW. This is due to the operation 

of a small DHW waste heat reclamation system that was installed in the engine room. This system was in 

place prior to the measure according to store personnel.  

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 166,582 kWh.  The evaluation estimates 

annual energy savings to be 220,853 kWh, resulting in an annual energy savings realization ratio of 

133%.  The savings variance is due to the changes in operational changes discussed above. 

The percentage of savings occurring during energy peak periods was not estimated in the tracking 

analysis. The evaluation finds this value to be 48.3%.  The peak energy savings is attributed to calculating 

savings hourly and extracting the savings for the on-peak period.  

The summer demand peak reduction is estimated in the tracking analysis to be 0.72 kW.  The evaluation 

estimates the summer demand peak power reduction to be 43.18 kW, resulting in a realization ratio of 

5988%.  The source of the tracking savings is unknown.  The value appears to be for the condenser fans 

only.  The savings of less than 1.0 kW is out of proportions with the 166,582 annual kWh savings.  The 

evaluation savings includes both the fans and compressors. 

The winter demand peak reduction is estimated in the tracking analysis to be 0.17 kW, and the evaluation 

found this value to be 17.93 kW, resulting in a realization ratio of 10307%.  The same factors discussed in 

the summer demand savings apply to the winter demand savings. 
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Application ID: WMECO WM11R106 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

A small retail store completed refrigeration efficiency upgrades for its existing cooler and freezer 
displays. These upgrades included the installation of glass doors on open cooler displays, the 
replacement of refrigeration display case T-8 fluorescent lighting with LED lighting, the replacement of 
PSC evaporator motors with EC motors, and the installation of anti-condensate heater controls for the 
existing freezer glass doors. 

This application saves 182% of the energy originally estimated in the tracking analysis.  

Table 1: Summary of Tracking and Evaluation Savings Results 

Savings Quantity Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Annual Energy Savings (kWh) 44,784 81,530 182% 

% Energy Savings On-Peak NA 47% NA 

Summer Seasonal Peak Savings (kW) 6.60 11.70 177% 

Winter Seasonal Peak Savings (kW) 6.60 8.40 127% 

Project Description 

The store is open 24 hours per day, seven days per week. Prior to the completion of the project, the 
walk-in cooler had an open front and was refrigerated by two evaporator units each served by a single-
compressor condensing unit. One evaporator unit had four fans with PSC motors, and the other 
evaporator unit had five fans with PSC motors. 

The freezer was enclosed by doors and served by two evaporator units, each with a dedicated single-
compressor condensing unit and three PSC fan motors. The anti-condensate heater (ACH) in the freezer 
door, which prevents condensation, ran 24 hours per day at full power. 

The cooler was illuminated by ten 32-W T8 fixtures, and the freezer contained eight 59-W T8 lamps. 
These fixtures ran 24 hours per day. 

By installing doors on the coolers, refrigeration load was expected to be reduced due to lower 
infiltration. ACH heaters were installed as a part of the door installation in order to prevent 
condensation, and heater energy use partially offset the savings from the new doors. 

During door installation, the evaluator expected that the case fans would be disconnected because 
there was no need for an air curtain in the closed cases. A study performed at a representative store and 
used to determine door installation savings at all stores, however, has no mention of whether these fans 
were disabled. Upon visiting the site, the evaluator discovered that the case fans were still running. The 
tracking analysis also has no calculations or energy savings attributed to case fans, so the evaluation did 
not address possible savings due to their removal. 

Replacing both cooler and freezer fluorescent lighting with LED fixtures was expected to reduce electric 
demand and refrigeration load through the greater efficiency of the fixtures. 
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Replacing PSC fan motors with EC motors was expected to reduce electric demand and refrigeration 
load. 

Installing controls on the freezer anti-condensate heater (ACH) was expected to reduce electric demand 
by cycling the ACH between high and low power levels when the interior dew point is nominally below 
the surface temperature of the frames.  

Tracking Analysis 

This section describes the methodologies employed in the original energy study and discusses aspects of 
the methodology that had significant impacts on final energy savings estimates. Minimal documentation 
was included with the tracking analysis, so all of the savings inputs could not be confirmed. 

Tracking Calculation Methodology 

The tracking analysis used a combination of meter data and vendor specifications to estimate energy 
savings. Below is a list of the inputs to the tracking analysis and their sources. In reference to the 
analysis inputs, site information came from the store manager, and vendor specifications came from the 
equipment vendor or from equipment specification sheets. 

Table 2: Source of Tracking Analysis Inputs 

Tracking Analysis Input Pre-Retrofit Source Proposed Case Source 

Evaporator fan motor demand vendor specifications vendor specifications 

Evaporator fan motor hours site site 
Lighting demand vendor specifications vendor specifications 

Lighting hours site site 

Freezer ACH demand unclear unclear 

Freezer ACH hours site unclear 

Cooler ACH demand N/A unclear 

Cooler ACH hours N/A unclear 

Cooler compressor demand metering metering 

Cooler hours site site 

Savings are affected by: 1. EC motor installation, 2. LED Lighting installation, 3. ACH controls, and 4. Door 
installation. 

1. PSC evaporator fan motors were replaced with EC motors. These savings do not appear to be claimed 
in the analysis. 

2. Upgrading T-8 lighting to LED lighting was expected to reduce lighting electrical demand and 
refrigeration load. These savings do not appear to be claimed in the analysis. 

3. Freezer ACH control savings were calculated according to the following equation: 

Annual savings, 4,884 kWh = ACH demand, 1.2 kW × Reduction in operation hours, 4,070 hours. 

It is unclear how the reduction in run hours for the ACH was determined. Refrigeration savings due to 
reduced ACH heat output in the freezer were not accounted for. 

4. Savings due to the installation of cooler doors were calculated by metering compressors serving a 
cooler in a sample store before and after the doors were installed and extrapolating the demand 
reduction across the entire year. Prior to the installation of the doors, case fans ran at the front of the 
cooler in order to create an air curtain. These were disabled with the installation of the cooler doors. 
The following equation was used to determine savings: 
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Door installation savings, kWh = (Compressor kWh during pre-retrofit metering period, 5,161 kWh ÷ Pre-
retrofit metering period, 32 days – Compressor kWh during post-installation metering period, 
1,299 kWh ÷ Post-installation metering period, 25 days) × 365 days/years 

The use of ACH or ACH controls is also not discussed, but ACH would be required in the doors, so this 
would be expected to create an electric penalty. 

Evaluation Methodology 

The evaluation confirmed the appropriateness of the values used in the tracking analysis though 
metering where possible, and it accounted for the refrigeration savings resulting from the reduction in 
electrical demand inside the cooler and freezer. Evaluation inputs include ACH, lighting, compressor, and 
EC motor demand and runtime, and condensing unit performance. The table below details the 
evaluation inputs and their sources. 

Table 3: Source of Evaluation Analysis Inputs 

Evaluation Analysis Input Pre-Retrofit Source Installed Source 

Evaporator fan motor demand vendor specifications spot metering 

Evaporator fan motor hours hobo—long-term hobo—long-term 

Lighting demand 
vendor specifications 
and reference store 

spot metering 

Lighting hours hobo—long-term hobo—long-term 

ACH demand vendor specifications spot metering 

ACH hours site N/A 

Cooler demand pre-and post metering post metering 

Refrigeration system performance manufacturer’s data manufacturer’s data 

Freezer Door ACH demand hobo—long-term hobo—long-term 

Cooler case fan motor demand vendor specifications N/A 

Cooler case fan motor hours site N/A 

Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 

Table 4: Summary of Evaluation Metering and Trend Data 

 
Condensing Unit + Evap Fan Lighting ACH 

Parameter Demand Runtime Demand Runtime Demand Runtime 

Meter Type 
Yokogawa 

Meter 
Hobo Logger 

Yokogawa 
Meter 

Hobo Logger 
Yokogawa 

Meter 
Hobo Logger 

Installation Temporary Temporary Temporary Temporary Temporary Temporary 

Observation 
Frequency 

One second One minute One second One minute One second One minute 

Metering 
Duration 

Five minutes One month Five minutes One month Five minutes One month 

Pre-retrofit or 
Installed 

Installed Installed Installed Installed Installed Installed 

Metered by Evaluator Evaluator Evaluator Evaluator Evaluator Evaluator 
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Evaluation Savings Analysis 

EC Motor Installation 

Pre-Retrofit Case 

The original motors installed in the evaporator fan units were 1/15 HP PSC motors. This was determined 
by the nameplate data on the unit. Based on long term metering these motors ran 8,760 hours annually 
to keep the freezer and cooler adequately refrigerated. The power factor was not available for the 
installed HP motors, so the power factor from the cut sheet for similar 1/15 HP motors was used. The 
annual electric consumption for the pre-retrofit case was calculated as: 

Annual electric use, 17,634 kWh = Number of motors, 15 × Full load amps, 1.1 A × Voltage, 120 V × Power 
factor, 0.53 × Annual runtime, 8,760 hours ÷ 1 kW/1,000 W 

Installed Case 

EC motor savings for the installed case were calculated using spot metered data directly at the motors at 
another evaluation site and extrapolating the data to all similar sites. The direct metering was not 
possible at this site. It was determined that the motors draw a consistent 0.44 amps per fan. The 
installed motors were observed to be 1/15 HP. 

The run time of the fan motors was not impacted by this measure; therefore according to long term 
metered data both the pre-retrofit and installed motors run continuously. 

The power factor could not be confirmed through spot metering, so the same value was used for the 
pre-retrofit PSC and the installed EC motors. The annual electric consumption for the installed case was 
calculated as: 

Annual electric use, 7,096 kWh = Number of motors, 15 × Current draw per motor, 0.44 A × Voltage, 120 V 
× Power factor, 0.53 × Annual runtime, 8,760 hours ÷ 1 kW/1,000 W 

Savings 

The savings from the installation of efficient EC fan motors are calculated below: 

Annual motor retrofit savings, 10,538 kWh = Annual pre-retrofit electric use, 17,634 kWh – Annual 
installed case electric use, 7,096 kWh 

100% of the energy savings from the fan motor retrofit contribute to the overall refrigeration savings. 
The savings due to EC motor installation not only contribute to direct electrical consumption but also 
indirect electrical consumption by the condensing unit. To find the indirect electric savings, the 
condensing unit efficiency must be taken into account. An 8,760 hourly model was used to determine 
condensing unit performance throughout the year. The demand savings in one hour due to motor 
installation was found by: 

Refrigeration demand savings, kW = Motor retrofit demand savings, kW ÷ 3.517 tons/kW × Condensing 
unit efficiency, kW/ton × Motor load factor, 100% 

The demand savings were summed across all hours to get the total annual energy savings: 2,234 kWh 
for cooler motors and 2,505 kWh for freezer motors. 

LED Lighting Retrofit 

Pre-Retrofit Case 

The lighting retrofit was mentioned briefly on the application form, but no lighting counts or savings 
calculations were included in the tracking analysis, so pre-retrofit conditions were determined based on 
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similar upgrades at other stores in the chain. A site report on the upgrades at other stores had specific 
information on which types of fixtures were located and where, and it also had meter data from several 
similar sites that confirmed the visual observation. The arrangement of cooler lamps in the report, ten 
32-W T8 lamps along the edge of the case, was a logical fit for the evaluation pre-retrofit case at site 
WM11R106. The freezer is composed of two three-door units, and it was assumed in the evaluation that 
the units had one T8 lamp on each end and one between each door for a total of eight fixtures, as 
outlined in the above-mentioned report. 

This data was confirmed in two ways. First, because the freezer doors existed before the retrofit, their 
nameplates gave current information on the pre-retrofit lights. This matched the report data for lamp 
wattage.  

The pre-retrofit case lighting energy use was calculated as: 

Annual pre-retrofit case lighting usage, 6,938 kWh = (Number of freezer fixtures, 8 × Freezer fixture 
wattage, 0.059 kW + Number of cooler fixtures, 10 × Cooler fixture wattage, 0.032 kW) × Annual 
runtime, 8,760 hours 

According to a 2009 study by the Institute of Electrical and Electronics Engineers, T8 fixtures release 
about 75% of input power as heat. This heat is released into the refrigerated case and therefore must be 
mitigated by the condensing unit. The condensing unit energy use to dissipate heat produced by the T8 
fixtures is calculated as: 

Hourly condensing unit demand due to T8 heat output, kW = (Number of freezer fixtures, 8 × Freezer 
fixture wattage, 0.059 kW + Number of cooler fixtures, 10 × Cooler fixture wattage, 0.032 kW) × 
Percent Heat loss, 75% × 3,412 BTU/hr/kW ÷ 12,000 BTU/hr/ton × condensing unit efficiency  

The demand in each hour was summed to calculate the total annual condensing unit energy to reject 
heat from the T8 fixtures. 

Installed Case 

LED lighting electric use for the installed case was calculated based on metered data. Through the use of 
spot metering at the circuit, it was determined that the total current for all cooler and freezer case 
lighting is 3.3 amps. This agrees with the amp specification indicated in the nameplate data. Long-term 
meter data showed that the lights run 24/7. Installed case lighting usage was then calculated to be: 

Annual installed lighting usage, 3,501 kWh = Lighting current, 3.3 amps × Voltage, 120 volts ÷1,000 W/kW 
× Annual runtime, 8,760 hours  

Installing LED lighting also affected the refrigeration load. LED lights dissipate more heat than the 
existing T8 fixtures as a fraction of input watts, but for the same light output, LEDs draw significantly less 
watts, resulting in a reduced refrigeration load. According to the same study referenced above, LED 
lamps dissipate around 88%. The condensing unit energy use to dissipate heat produced by the installed 
LED lamps was calculated as: 

Hourly condensing unit demand due to LED heat out, kW = Installed case demand, 0.400 kW × Percent 
Heat loss, 88% × 3,412 BTU/hr/kW ÷ 12,000 BTU/hr/ton × Hourly condensing unit efficiency  

The demand in each hourly was summed to calculate the total annual condensing unit energy to reject 
heat loss from the LED fixtures. 

Savings 

The total savings from the installation of efficient LED fixtures in the freezer and cooler cases was 
calculated to be: 
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Annual kWh savings, 4,611 kWh = Annual pre-retrofit case lighting usage, 6,938 kWh - Annual installed 
lighting usage, 3,501 kWh + Indirect electric savings due to heat loss, 1,173 kWh 

Anti-Condensate Heater Controls 

Savings from anti-condensate heater controls were studied as a measure for freezer doors only, because 
before the retrofit was performed, there were no doors on the coolers and therefore no ACH. ACH was 
installed as a part of the cooler door installation, as they are integrated into the doors, so cooler ACH 
energy use is addressed in the discussion of the cooler door installation measure. 

Pre-Retrofit Case 

The average of the demand peaks of the metered load (See Chart 1) on the anti-condensate heaters is 
the pre-retrofit case demand for heater operation, as without any controls the heaters would run at 
peak load constantly. This load was metered as 11.82 A. The power consumption of the heaters is 
calculated below: 

Pre-retrofit heater demand, 1.42 kW = Input voltage, 120 V × Current draw, 11.82 A 

Installed Case 

The effect of installing controls on the freezer ACH heaters was calculated using long-term metering 
data. The controls ramp down the heater output when the store humidity is lower during the winter 
months by quickly cycling the demand between maximum and low values. The average kW recorded 
during the metering period of December 4, 2012, to January 3, 3013, determined the demand for the 
winter months. 

During the summer months, the heaters operate at peak load, found by determining the average peak 
demand during the metering period, and there are no savings from the controls. The plot below shows 
the load profile on the freezer ACH over one day from a typical site: 

Chart 1: Freezer Anti-Condensate Heater Controls 

 

For the spring and fall seasons, data was extrapolated from the winter to the summer to find anti-
condensate heater load. It was assumed that the average heater load would ramp up in a linear fashion 
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as temperature and humidity rose from February to June, and then with the same linear profile ramp 
back down from August to December. The table below shows the anti-condensate heater load profile 
over a year for both pre-retrofit and installed cases. 

Table 5: Freezer Anti-Condensate Heater Controls Annual Savings 

Month 
Pre-

retrofit kW 
Installed 

kW 
Savings 

kW 
kWh Savings 

January 1.42 1.10 0.32 237 

February 1.42 1.10 0.32 214 

March 1.42 1.18 0.24 178 

April 1.42 1.26 0.16 115 

May 1.42 1.34 0.08 59 

June 1.42 1.42 0.00 0 

July 1.42 1.42 0.00 0 

August 1.42 1.42 0.00 0 

September 1.42 1.34 0.08 57 

October 1.42 1.26 0.16 118 
November 1.42 1.18 0.24 172 

December 1.42 1.10 0.32 237 

Annual kWh          1,393 

Savings 

Monthly kWh savings were calculated as follows: 

Monthly Freezer ACH Savings, kW = 24 hours × Number of days in month × (Pre-retrofit case demand, 
1.42 kW – Installed case demand, kW, determined by month) 

The monthly freezer ACH savings are summed to get annual freezer ACH savings, 1,393 kWh. 

As well as contributing to direct electrical savings, the installation of controls on the freezer ACH also 
reduces load on the condensing unit. A sample calculation for the indirect electrical savings due to 
freezer ACH controls is provided below: 

Refrigeration demand reduction, kW = Controls installation demand reduction, kW ÷ 3.517 tons/kW × 
Condensing unit efficiency, kW/ton × ACH load factor, 35% 

The savings in each hour were summed to find the total condensing unit savings of 270 kWh. 

Annual savings due to the installation of ACH controls on the freezer were found by: 

Annual ACH control savings, 1,678 kWh = Direct ACH control savings, 1,393 kWh + Indirect ACH control 
savings, 284 kWh 

Door Installation Savings 

Installed Case 

Installing doors on the open front cooler resulted in significant refrigeration savings. To calculate 
savings, a meter was installed by the evaluator on the condensing units supplying cooling to the freezer 
and cooler cases. 

The typical load on the condensing unit was calculated based on the meter data. The current was 
recorded each minute from December 4, 2012, to January 3, 3013. Spot metering data provided values 
for voltage and power factor. Demand was calculated from the long term metering by: 
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Condensing unit demand, kW = Current, A × Average voltage, V × Average power factor × Square root (3) 

Manufacturer’s performance data was not available for the specific condensing units at this site. The 
units have been discontinued and online searches and calls to the manufacturer were not successful in 
producing performance data. Data for similar compressors and condensers found at similar stores was 
used. This performance data was used to calculate the performance of the unit during the metering 
period based on the outdoor dry bulb temperature. Condensing unit load for each minute was 
calculated by: 

Condensing unit load, tons = Condensing unit demand, kW ÷ Condensing unit performance, kW/ton 

The average load for the metering period was adjusted for increased temperature and humidity inside 
the store in the summer months. The conditions in the store were assumed to range from 70°F and 30% 
RH to 75°F and 55% RH. The proportional increase in temperature and humidity ratio differentials was 
used to determine a load factor based on wet bulb temperature. 

Table 6: Condensing Unit Load Factors due to Indoor Humidity 

Wet 
Bulb 
(°F) 

Load Factor (%) 
Condensing Unit 

Load (tons) 

Cooler Freezer Cooler Freezer 

64 274% 243% 4.60 7.95 

53 100% 100% 1.68 3.27 

The total annual electric consumption for the condensing units was calculated using an 8,760 hourly 
model for Worcester, MA, in 2011. Performance was determined in each hour based on outside dry bulb 
temperature. Condensing unit demand was determined in each hour by the following equation: 

Condensing unit demand, kW = Condensing unit load, 1.68 tons × Condensing unit performance, kW/ton 

Hourly cooler condensing unit demand was summed over the year, resulting in an annual usage of 
21,719 kWh. 

In the original TA study, the energy savings estimate came from a report in which the door vendor 
determined savings from cooler door installation by doing pre- and post-installation metering of cooler 
condensing unit usage. This was done at a sample store which had separate condensing units dedicated 
to the cooler and freezer cases, as is the case at WM11R106. Refrigeration savings from the lighting 
retrofit and cooler ACH installation were captured by this metering; however the EC motor retrofit was 
likely not done before the post-installation metering. 

When evaluation metering was performed at site WM11R106, the motor retrofit had already been 
performed. Therefore, in the evaluation analysis, savings in energy consumption due to installation of 
more efficient EC motors were added to the cooler condenser usage.  

The installed case annual kWh was calculated as the following: 

Installed case electric use, 30,275 kWh = Annual cooler condensing unit consumption, 21,719 kWh + 
Cooler motor electric savings, 8,556 kWh 

As a consequence of installing doors on the open coolers, anti-condensate heaters were installed on the 
cooler doors. This is a penalty that is taken into account in the savings analysis. A sample calculation for 
the hourly electric demand penalty due to cooler ACH installation is provided below. 

Cooler ACH demand penalty, -0.5 kW = Pre-retrofit ACH demand, 0.0 kW – (Installed ACH current draw, 
4.2 A × ACH input voltage, 120 V ÷ 1,000 W/1 kW) 
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The monthly penalty was summed to calculate the annual energy use penalty of 4,384 kWh. 

The refrigeration penalty due to the installation of cooler door heaters is taken into account during the 
metering of the condensing unit, as the heaters were installed when the metering was performed. 

Pre-retrofit Case 

The door manufacturer reference study presents that the savings from installing doors on the open 
front cooler results in a 68% energy reduction. The metering done for the reference study takes into 
account the savings due to the installation of efficient LED fixtures as well as the necessary installation 
of anti-condensate heaters on the cooler doors. The 68% energy reduction therefore accounts for 
variations in refrigeration load due to these measures. Therefore, the pre-retrofit case condenser 
electric use is: 

Pre-retrofit case electric use, 94,610 kWh = Installed case electric use, 30,275 kWh ÷ 32% 

Savings 

The annual electric savings due to the installation of doors on the open front cooler are calculated as 
follows: 

Annual Savings, 59,951 kWh = Annual pre-retrofit electric use, 94,610 kWh – Annual installed case electric 
use, 30,275 kWh – Cooler ACH penalty, 4,384 kWh 

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and evaluation 
analysis. Reasons for discrepancies are presented as well as their qualitative impacts on final project 
energy savings realization. The table below shows a savings comparison by measure type. All savings 
include both direct electrical and indirect refrigeration electrical savings. 

Table 7: Breakdown by End Use of Tracking and Evaluation Savings Results 

Savings Quantity Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Fan Savings (kWh) unclear 15,278 - 

Lighting Savings (kWh) unclear 4,623 - 

ACH Savings (kWh) 4,884 1,678 34% 

Door Savings (kWh) 39,900 59,951 150% 

Below are comparisons of tracking and evaluation analysis inputs for each end use, broken out for the 
freezer and the cooler. 
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Table 8: Comparison of Tracking and Evaluation Inputs for Evaporator Fan Savings 

Equipment Analysis Input Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 
Fr

ee
ze

r Pre-retrofit fan motor demand (W) unclear 805 - 

Pre-retrofit fan motor hours unclear 24 - 

Installed fan motor demand (W) unclear 324 - 

Installed fan motor hours unclear 24 - 

C
o

o
le

r 

Pre-retrofit fan motor demand (W) unclear 1208 - 

Pre-retrofit fan motor hours unclear 24 - 

Installed fan motor demand (W) unclear 486 - 

Installed fan motor hours unclear 24 - 

 

Table 9: Comparison of Tracking and Evaluation Inputs for Lighting Savings 

Analysis Input Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Pre-retrofit lighting demand (W) unclear 792 - 

Pre-retrofit lighting hours unclear 24 - 

Installed lighting demand (W) unclear 400 - 

Installed lighting hours unclear 24 - 

 

Table 10: Comparison of Tracking and Evaluation Inputs for ACH Savings 

Equipment Analysis Input Tracking Value Evaluation Value 
Evaluation ÷ 

Tracking 

Fr
ee

ze
r Pre-retrofit ACH demand (kW) 1.2 1.4 - 

Pre-retrofit ACH hours 24 24 100% 

Installed ACH avg. demand (kW) 0.6 1.3 - 

 

Table 11: Comparison of Tracking and Evaluation Inputs for Door Installation and Refrigeration Savings 

Equipment Analysis Input Tracking Value 
Evaluation 

Value 
Evaluation ÷ 

Tracking 

Fr
ee

ze
r 

Suction temperatures (°F) N/A -23 - 

Avg condensing unit performance (kW/ton) N/A 2.09 - 

C
o

o
le

r 

Cooler length (ft) N/A 20 - 

Suction temperatures (°F) N/A 18 - 

Avg condensing unit performance (kW/ton) N/A 1.24 - 

Pre-retrofit case cooler daily energy use (kWh) 161 259 161% 

Pre-retrofit case cooler hours 24 24 100% 

Installed case cooler daily energy use (kWh) 52 83 160% 

Installed case cooler hours 24 24 100% 

Pre-retrofit ACH demand (kW) N/A N/A - 

Pre-retrofit ACH hours N/A N/A - 

Installed ACH avg. demand (kW) unclear 0.50 - 
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The installed ACH demand for the cooler is a necessary penalty due to the addition of glass doors to the 
previously open front cooler. 

Savings Analysis and Verification 

The project claimed savings of 44,784 kWh. The evaluation estimates annual energy savings to be 
81,530 kWh, resulting in an annual energy savings realization ratio of 182%. The tracking analysis takes 
into account only ACH control and door installation savings. Values were not given for EC motor or LED 
light savings. Evaluation savings from cooler installation were somewhat higher than the tracking value, 
but the majority of the discrepancy comes from the addition of the motor and lighting savings.  

The savings from the installation of doors on the open front cooler are dependent on the actual load on 
the store’s condensing unit, so a higher load has a greater potential for savings. Fluctuations in store and 
outdoor environment such as humidity, temperature, and frequency of freezer and cooler use can 
contribute to overall variation in savings between the tracking and evaluation analysis. 

The tracking analysis calculated savings due to ACH controls installation to be 4,884 kWh, while the 
evaluation calculated savings of 1,678 kWh, a realization ratio of 34%. This is due to the high ACH 
demand during the winter metering period. The ACH controls do not reduce average winter demand as 
much as is seen in other similar stores, so it is possible that a controls adjustment is necessary. 

The tracking analysis does not state what percentage of savings occurs during peak hours. The 
evaluation finds this value to be 47%; however the realization ratio cannot be calculated due to a lack of 
data.  

The summer and winter demand peak reduction is estimated in the tracking analysis to be 6.6 kW. The 
evaluation estimates the summer demand peak power reduction to be 11.7 kW and the winter to be 8.4 
kW. The increase is largely due to the additional measures considered. 
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Application ID: WMECO WM11S001 

Measure Category: Refrigeration 

Project Type: Retrofit 

Summary 

Outdated refrigeration case doors are replaced in this 80,576 square foot supermarket with low energy 

doors and energy free frames. The 15 door replaced are on existing frozen food reach-in showcases. 

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 9,504 kWh is 109.0% greater than the tracking estimates. Summer on-peak demand savings are 

1495% more than the tracking estimates and winter on-peak demand savings are 1456% more than 

anticipated.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 

Estimate 

Evaluation 

Estimate 

Evaluation / 

Tracking 

Annual Energy (kWh) 4,545 9,504 209% 

% Energy Savings On-Peak N/A 61.9% N/A 

Summer On-Peak Demand (kW) 0.10 1.49 1495% 

Winter On-Peak Demand (kW) 0.10 1.46 1456% 

Project Description 

Efficient refrigeration case doors are installed with low-heat door frames and reduced wattage anti-

condensate heaters. These new units have minimally heated glass and energy free frames.  These anti-

condensate heaters [ACH] are electric embedded resistance elements that warm the glass and frame and 

raise the dew point temperature.  This prevents moisture in the air from condensing on the glass and metal 

surfaces.  Moisture on the door glass obscures the view of the product and provides damp surfaces for 

customers.  Moisture on the door frames can turn to ice, make door difficult to open, and prevent the 

doors from sealing upon closure. 

15 custom low-energy doors with minimally heated glass and energy free frames were installed in this 

retrofit measure. The doors are installed on the low temperature reach in cases in the frozen foods section 

of the store.  The existing doors are each rated at 131.67 Watts.  The installed doors are rated at 86.47 

Watts. 
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The grocery store operates Monday through Saturday 6:00 am to 12:00 am as well as Sundays 7:00 am to 

10:00 pm. 

Tracking Analysis 

Tracking Calculation Methodology 

Energy savings and demand reduction estimates were calculated using an Excel spreadsheet analysis. The 

spreadsheet contains lookup wattages for anti-condensate heaters for both the baseline and installed 

equipment.  These values are from manufacturers data based upon the showcase type.  

The TA assumed annual ACH operating hours to be 8,760. No refrigeration savings were included in the 

tracking savings.  The savings formula for the low-energy doors is provided below: 

                                   

where: 

kWachb = existing anti-condensate heater power per door 

kWachi = installed anti-condensate heater power per door 

hoursach = annual anti-condensate heater operating hours  

Qty = number of doors  

Demand savings is the difference between the total existing and installed ACH kW. 

Discussion of Tracking Analysis 

The tracking energy savings is based upon the manufacturer’s specifications for the existing an installed 

doors.  The calculation spreadsheet uses this data to calculate the differential calculated load.  Continuous 

operation [8,760 hours per year] is applied to these heaters.  The methodology provides a simple but 

accurate estimation of operation and savings. 

The 9,090 kWh tracking savings are 80% of the calculated saving for the replacement doors.  It is not 

clear why this was done.  The calculation spreadsheet also estimated an additional 3,409 kWh would be 

saved from reduced load at the compressor.  These savings were not included in the tracking data.  The 

TA spreadsheet estimates a 1.3 kW difference in connected load between the existing and installed doors.  

The 0.2 kW seasonal demand savings is 15% of this value.  The final source of the tracking demand 

savings is unclear. 
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Baseline Validity 

Tracking savings are based upon the manufacturer’s specifications for the existing and baseline doors. 

This represents the actual power requirements for the doors.  The baseline used for this measure is valid. 

Evaluation Methodology 

A comprehensive site visit was conducted. The evaluation included a complete inventory of the number 

of installed refrigerated case doors as well as specifications of anti-condensate heaters.  

An Elite power logger was installed to monitor the operation of the ACH circuits.  The monitored data 

provided the operating schedule for the heaters as well as the average hourly power consumption.  

Instantaneous power measurements were also taken during the retrieval site visits. 

Monitored data from the Elite power logger was converted into average hourly kW values.  These values 

are unique for each hour of the day and each day of the week. A “typical” weekly operating schedule was 

created from the data.  That schedule is provided in the Table 2  below. 
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Table 2:  Weekly Operating Schedule 

 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The savings for each hour are summed to 

calculate annual savings.  Summer and winter peak demand savings are generated for the hours in those 

periods using the unique hourly values.  The hourly kW difference is also converted to equivalent BTUs 

and then to tons of refrigeration to estimate savings at the compressors. 

Evaluation Data Collection 

The quantity and location of the installed doors was confirmed.  The doors were installed on low 

temperature frozen food cases as stated in the tracking documentation.  The make and model of the 

refrigeration rack system was also noted. 

The Elite power logger was installed on December 6, 2012.  It recorded average volts, amps, and kW 

every 15-minutes throughout the 71 day monitoring period. The instantaneous power readings were taken 

Hour Sun Mon Tue Wed Thu Fri Sat

1 0.21 0.00 0.22 0.21 0.21 0.22 0.21

2 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6 0.00 0.00 0.00 0.00 0.00 0.00 0.00

7 0.00 0.47 0.46 0.46 0.46 0.46 0.46

8 0.47 0.67 0.68 0.67 0.67 0.67 0.68

9 0.68 0.67 0.67 0.67 0.67 0.67 0.67

10 0.67 0.67 0.67 0.67 0.67 0.67 0.67

11 0.67 0.66 0.67 0.67 0.66 0.66 0.67

12 0.67 0.67 0.67 0.67 0.66 0.66 0.67

13 0.67 0.67 0.67 0.67 0.66 0.66 0.67

14 0.67 0.67 0.67 0.66 0.66 0.66 0.67

15 0.67 0.66 0.67 0.66 0.66 0.65 0.67

16 0.67 0.67 0.67 0.66 0.66 0.66 0.67

17 0.66 0.66 0.66 0.66 0.66 0.66 0.66

18 0.67 0.66 0.66 0.66 0.66 0.66 0.66

19 0.67 0.66 0.67 0.66 0.67 0.66 0.66

20 0.67 0.67 0.67 0.67 0.67 0.67 0.67

21 0.67 0.67 0.67 0.67 0.67 0.67 0.67

22 0.67 0.67 0.68 0.67 0.67 0.67 0.67

23 0.21 0.68 0.68 0.68 0.68 0.68 0.68

24 0.00 0.68 0.68 0.68 0.68 0.68 0.68

ACH Average Hourly kW
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to help identify the proper circuit and to provide an estimated ACH power load in case the monitoring 

failed.  These instantaneous power readings were not used in the calculations. 

Evaluation Savings Analysis 

Four anti-condensate heater circuits were spot metered on four different cases by the evaluator on site. 

These instantaneous readings were consistent with the long term metering. The evaluation shows that the 

anti-condensate heater load is slightly less than what was assumed by the TA (0.633 kW on site compared 

to 0.678 kW in tracking).  

Annual savings were calculated using an 8,760 hour spreadsheet. The power data obtained from the Elite 

power logger provides a kW value for each operating hour of the year.  That value is subtracted from the 

verified baseline kW.  This calculates savings for each hour.  Hourly savings were summed to generate 

annual savings.  Summer and winter demand savings were calculated for the hours in those periods.  The 

savings for day one are provided in Table 3 below. 

Table 3: Calculation Spreadsheet 

 

Max 0.7 0.7 2.0 2.0 0.3 1.6

Min 0 0 0 0 0 0

Totals Totals 4,290 4,290 12,478 12,478 1,315 9,504

Worcester MA TMY3 Temps

Date Month Day

Day 

of 

Wk

OWB 

Temp

ODB 

Temp Hour Site kW

Site Total 

kW

Tracking 

kW

Total 

Tracking kW

Refrigeration 

savings

Total 

kWh 

Savings

1/1/2011 Jan Sat 7 25 29 1 0.21 0.21 0.62 0.62 0.061 0.47

1/1/2011 Jan Sat 7 25 28 2 0.00 0.00 0.00 0.00 0.000 0.00

1/1/2011 Jan Sat 7 24 28 3 0.00 0.00 0.00 0.00 0.000 0.00

1/1/2011 Jan Sat 7 24 27 4 0.00 0.00 0.00 0.00 0.000 0.00

1/1/2011 Jan Sat 7 24 27 5 0.00 0.00 0.00 0.00 0.000 0.00

1/1/2011 Jan Sat 7 24 26 6 0.00 0.00 0.00 0.00 0.000 0.00

1/1/2011 Jan Sat 7 23 26 7 0.46 0.46 1.35 1.35 0.133 1.02

1/1/2011 Jan Sat 7 24 27 8 0.68 0.68 1.97 1.97 0.193 1.48

1/1/2011 Jan Sat 7 25 29 9 0.67 0.67 1.95 1.95 0.192 1.47

1/1/2011 Jan Sat 7 26 30 10 0.67 0.67 1.94 1.94 0.191 1.46

1/1/2011 Jan Sat 7 26 30 11 0.67 0.67 1.93 1.93 0.190 1.46

1/1/2011 Jan Sat 7 26 31 12 0.67 0.67 1.94 1.94 0.191 1.47

1/1/2011 Jan Sat 7 26 31 13 0.67 0.67 1.95 1.95 0.191 1.47

1/1/2011 Jan Sat 7 25 30 14 0.67 0.67 1.95 1.95 0.191 1.47

1/1/2011 Jan Sat 7 25 30 15 0.67 0.67 1.94 1.94 0.191 1.46

1/1/2011 Jan Sat 7 24 29 16 0.67 0.67 1.95 1.95 0.192 1.47

1/1/2011 Jan Sat 7 23 27 17 0.66 0.66 1.93 1.93 0.190 1.46

1/1/2011 Jan Sat 7 21 26 18 0.66 0.66 1.93 1.93 0.190 1.46

1/1/2011 Jan Sat 7 20 24 19 0.66 0.66 1.93 1.93 0.190 1.46

1/1/2011 Jan Sat 7 18 22 20 0.67 0.67 1.94 1.94 0.191 1.46

1/1/2011 Jan Sat 7 16 19 21 0.67 0.67 1.95 1.95 0.191 1.47

1/1/2011 Jan Sat 7 14 17 22 0.67 0.67 1.96 1.96 0.192 1.48

1/1/2011 Jan Sat 7 13 16 23 0.68 0.68 1.97 1.97 0.193 1.49

1/1/2011 Jan Sat 7 12 15 24 0.68 0.68 1.97 1.97 0.193 1.49
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Performance data was obtained for the refrigeration system.  A regression analysis formula was created 

between the total refrigeration power [compressors and condenser fans] and outside air wet bulb 

temperatures.  Efficiencies for the system ranged from 1.02 kW/ton at 0°F wb to 1.52 kW/ton at 74°F wb. 

A portion of the heat generated by the ACH system is transmitted back into the reach-in cases.  The 

reduction in ACH power also reduces the quantity of this waste heat that must be removed by the 

compressors. The savings kW is converted to BTUs and then into refrigeration tons. The regression 

analysis formula then provides the efficiency in kW per ton to generate the refrigeration savings. 

        (
                    

      
)       

where 

kWref = refrigeration kW savings 

kWsave = kW saved for the anti-condensate heaters 

3.413 = BTUs per kW 

50% = percentage of ACH heat transmitted back to the reach-in cases 

12,000 = BTUs per ton of refrigeration 

Eff = efficiency of the refrigeration compressors in kW/ton as calculated using the regression analysis 

formula = 4E-06x3 - 0.0003x2 + 0.0073x + 0.9961 for the specific hourly wet bulb temperature (x). 

Table 4 below shows the daily operating profiles of the monitored anti-condensate heaters and that they 

turn off every day roughly between 2:00 am and 6:00 pm.  

Table 4: ACH Operating Profile 
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Table 5 shows the monitoring profile of the ACH’s during the monitored period.  The consistency in 

ACH operation is observable as is the uniformity of the on/off unoccupied cycles. 

Table 5: ACH Monitoring Profile 

 

 

Verification of Equipment and Operating Parameters 

Table 6 below provides a comparison of the data that contribute to the calculated energy savings. 
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Table 6:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

Number of Doors 15 15 100% 

Existing ACH kW 1.975 1.975 100% 

Installed ACH kW 0.678 0.633 93% 

Annual Refrigeration kWh Savings 0 1,315 N/A 

Annual Operating Hours 8,760 6,779 77% 

The installed anti-condensate heaters consumed 7.0% less energy than estimated in the tracking savings.  

The tracking savings also assumes 8,760 annual operating hours.  The monitoring data shows that there is 

a daily shut down cycle during unoccupied store hours. This reduced the annual operating hours by 

23.0%.  An additional 1,315 kWh savings is achieved annually from reduced loads at the compressor. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 4,545 kWh.  The evaluation estimates 

annual energy savings to be 9,504 kWh, resulting in an annual energy savings realization ratio of 209%.  

The savings variance is due to the operating and refrigeration issues discussed above. 

The percentage of savings occurring during energy peak periods was not estimated in the tracking 

analysis. The evaluation finds this value to be 44.7. 

The summer demand peak reduction is estimated in the tracking analysis to be 0.10 kW.  The evaluation 

estimates the summer demand peak power reduction to be 1.49 kW, resulting in a realization ratio of 

1495%. 

The winter demand peak reduction is estimated in the tracking analysis to be 0.10 kW, and the evaluation 

found this value to be 1.46 kW, resulting in a realization ratio of 1456%.   

The evaluation calculates seasonal demand saving for the specific hours in those periods using the 

monitored loads and refrigeration savings at specific wet bulb temperatures.  The source of the tracking 

seasonal demand savings is not clear. 
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SUMMARY 

This retrofit project consisted of two custom refrigeration measures at a dairy processing facility.  The 

first measure was the replacement of a chilled glycol holding tank with a new tank that is better insulated 

and internally baffled to inhibit mixing of warm glycol solution returning from the plant with the cold 

glycol solution being supplied to the plant.  The second measure was the replacement of an ammonia-

glycol heat exchanger with two new models that provide more capacity and thereby allows the 

evaporating pressure of the ammonia-based refrigeration system to be raised from 19 psig (6°F) to 27 psig 

(14°F).     

Table 1 summarizes the evaluation findings. Percent Energy On-peak is left blank as it was not provided 

by the TA. The difference between the tracking estimate and the evaluated savings arises from the use of 

part load efficiencies instead of full load efficiencies in the calculation (amplified by the installation of a 

VFD) and a calculation error in the TA report. 

Table 1: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings 
Evaluated % of 

Tracking 

Annual Energy, kWh 584,288 367,093 62.8 

Percent Energy On-peak N/A 48% N/A 

Summer Seasonal Peak kW  84.0 58.3 69.4 

Winter Seasonal Peak kW  84.0 39.6 47.1 

  

PROJECT DESCRIPTION 

This retrofit project consisted of two custom refrigeration measures at a dairy processing facility.  The 

first measure was the replacement of a chilled glycol holding tank with a new model that is better 

insulated and internally baffled to reduce mixing of warm return glycol solution with cold supply glycol 

solution.  The second measure was the replacement of an ammonia-glycol heat exchanger with two new 

models that provide more capacity and thereby allow the evaporating pressure of the ammonia-based 

refrigeration system to be raised by 8 psig. 

Equipment relevant to the evaluation project consists of three variously-sized Frick helical rotary screw 

ammonia compressors, condensing and evaporating heat exchangers, condenser fans, ammonia-glycol 

heat exchangers, glycol pumps and a glycol holding tank. 

Pre-Retrofit Equipment and Operation 

In the pre-retrofit case, the old poorly-insulated glycol holding tank and the old ammonia-glycol heat 

exchanger were in place.  The refrigeration system serves the process and air conditioning load for the 

facility. Historical process load, shown in Table 11 in the Appendix, was averaged and combined with 

estimated AC load to produce the average refrigeration loads as shown in Table 2. 
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Table 2: Average Monthly Refrigeration Loads 

Month Pre-Retrofit 
Load (Tons) 

Installed Load 
(Tons) 

Jan 281 281 

Feb 307 307 

Mar 278 277 

Apr 398 397 

May 437 435 

Jun 437 435 

Jul 437 434 

Aug 328 325 

Sep 239 237 

Oct 188 187 

Nov 187 186 

Dec 306 306 

Total 3,824 3,807 
 

To meet the process and system load, the three Frick helical rotary screw ammonia compressors operated 

at a low suction pressure of 19 psig (6°F) with a maximum condensing pressure of 152 psig (85°F) that is 

allowed to float down to 126 psig (75°F).  At times the load exceeded system capacity and the AC was 

reduced in an effort to maintain desired product temperatures.  Concurrent with this project a VFD was 

installed on the largest compressor.  To eliminate the savings produced by installation of the VFD, it was 

assumed that the VFD was in place for the pre-retrofit case. The hourly load was distributed among the 

compressors with the largest compressor (with the VFD) either serving all the load or the balance of the 

load left by the smaller of the other two that enabled the entire load to be met. At times all three are 

operating to meet the load. It was assumed that the compressors operated continuously under these 

conditions. 

Table 3 shows the compressor manufacturer’s performance characteristics as determined using the 

manufacturer’s software.  The performance curve coefficients (with performance as a function of both 

load and temperature) are show in Table 12 in the Appendix. 

Table 3: Pre-Retrofit Case - Compressor Performance and Load Distribution 

 
RWB-II-177 RWB-II-100 RWB-II-60 Overall 

Full-Load Capacity (Tons) 272 152 90 530 

Full-Load Horsepower (BHP) 340 195 121 655 

Performance (BHP/Ton) 1.06-1.25 1.1-1.29 1.15-1.35 1.10 

Average Loaded Percentage  81 100 100 66 

Percent On Time 100 36 46 100 
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Installed Equipment and Operation 

In the installed case, the new well-insulated (R-12) glycol holding tank and two new ammonia-glycol heat 

exchangers were installed (one replaced the old heat exchanger, the other is an addition) and the three 

Frick helical rotary screw ammonia compressors operated at a higher suction pressure of 27 psig (14°F). 

The largest compressor is run by a VFD. Condensing pressure was the same as in the pre-retrofit case.  

For the installed case, the capacity of each of the compressors increased due to the higher efficiency 

inherent to operating at a higher suction pressure as shown in Table 4. As in the pre-retrofit case, it was 

assumed that the compressors run continuously to meet the loads shown in Table 2. 

Table 4: Installed Case  - Compressor Performance and Process Load Distribution 

 
RWB-II-177 RWB-II-100 RWB-II-60 Overall 

Full-Load Capacity (Tons) 332 185 110 627 

Full-Load Horsepower (BHP) 353 203 126 682 

Full-Load Performance (BHP/Ton) 0.9-1.06 0.93-1.09 1.10-1.13 0.90 

Average Loaded Percentage 76 100 100 44 

Percent On Time 100 12 27 100 

 

TRACKING ANALYSIS 

Tracking Calculation Methodology 

Savings associated with the new heat exchanger was calculated in a two-step process.  First, there were 

four assumed load conditions and the average brake horsepower of each pre-retrofit compressor was 

calculated for each of four distinct periods of the year.  This was done by multiplying the part load 

percentage values shown in Table 5 by the corresponding full-load horsepower values and summing the 

results.  This step is summarized in Table 6. 

Table 5: TA Pre-Retrofit Process Load Distribution 

 
RWB-II-177 RWB-II-100 RWB-II-60 Overall 

Process Load (Tons) %Part Load Weighted % 

500 100% 100% 68% 94% 

380 100% 63% 0% 72% 

320 100% 0% 42% 60% 

220 78% 0% 0% 42% 
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Table 6: Pre-Retrofit Average Overall Brake Horsepower  

 
RWB-II-177 RWB-II-100 RWB-II-60 

 Full-Load Capacity (Tons) 281 156 93 
 Full-Load Horsepower (BHP) 339 195 121 

 Full-Load Performance (BHP/Ton) 1.21 1.25 1.31 
 Load Period 

(Months) 
Process Load 

(Tons) Average BHP Overall BHP 

2 ½ 500 339 195 82 616 

3 380 339 123 0 462 

1 320 339 0 51 390 

5 ½ 220 265 0 0 265 

 

In the second step, pre-retrofit annual energy consumption was calculated by summing over the four load 

periods the product of three factors: the number of hours in the load period, the overall pre-retrofit brake 

horsepower, and a pre-retrofit performance factor of 1.20 BHP/Ton.  These numbers were then multiplied 

by a conversion factor to obtain kW and to account for motor efficiency, which was nominally assumed to 

be 95.4%.   

Installed case annual energy consumption was calculated using exactly the same numbers as in the pre-

retrofit case except that the proposed case full-load performance factor is assumed to be 0.99 BHP/Ton. 

Savings are shown in Table 7. 

Table 7: Savings Associated with Heat Exchanger Retrofit 

Load Period 
(Months) 

Overall Average 
BHP Savings (kWh) 

2 1/2 616 184,042 

3 462 165,854 

1 390 46,635 

5 1/2 265 174,574 

 
Total Savings (kWh) 571,105 

 

Demand savings was calculated as the product of the peak load (500 tons), the performance difference 

between the pre-retrofit and proposed case operating conditions (0.21 BHP/ton), and the conversion 

factor.  

There was a mistake in the TA’s methodology for the heat exchanger.  The TA presents energy savings in 

units of kWh, but a closer look at the applied formulas reveals that the results are actually in units of 

kWh-BHP/ton.  It appears that where the TA intended to calculate average load (tons) they calculated 

average brake horsepower (BHP) instead. This means that where Table 6 and Table 7 show average BHP 

they should have calculated tons.  Correcting this mistake reduces the annual energy savings shown in 

Table 7 by about 21% to 449,449 kWh. 
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Annual energy consumption associated with the glycol holding tank was calculated for the pre-retrofit and 

proposed cases by applying the standard convection heat loss equation to a bin model of outdoor 

temperature to derive total annual load in ton-hours.  Annual load was then multiplied by a nominal 

system performance factor to derive BHP, which was then multiplied by a correction factor to obtain kW 

and to account for motor efficiency, which was nominally assumed to be 95.4%.   Tank surface area and 

glycol temperature were assumed to be 472 sf and 27°F, respectively, for both cases.  The U-value was 

assumed to be 1.75 Btu/sf-hr-°F for the pre-retrofit case and 0.09 Btu/sf-hr-°F for the proposed case.  The 

TA assumed the system performance factor to be 1.25 BHP/ton for both cases, neglecting to account for 

the interactive effect of the new heat exchanger. 

EVALUATION METHODOLOGY 

Savings was calculated using an hourly model to determine the facility load using outdoor air temperature 

(OAT) and production data.  Manufacturer modeling software was used to determine performance curves 

for the three compressors.  The performance curves provided performance as a function of load and OAT.  

The model’s hourly load data and OAT were then converted to kW using the compressor performance 

factors, motor efficiency, and the conversion factor for BHP/hr to kW.  

The Evaluator tried to use actual compressor energy use, OAT, and facility production data to construct 

the load model.  This was not possible because the facility only had production data at the monthly level.  

Instead the load model was created by using the production data with some additional facility information 

to estimate the hourly load.  The load consisted of the load from cooling the product and various system 

heat losses (including the glycol holding tank) as well as air conditioning within the facility.  There were 

too many unknowns to make an exact model, so instead the model was tuned to an approximated load.  

Before the measures were installed the facility struggled to meet the load in the summer.  After the 

measures were installed it could easily meet the load. So the model was adjusted until the load satisfied 

those conditions, even though taken at face value the model has questionable values (for instance, an 

efficiency of 35% for a plate heat exchanger used directly in the process). The model used Worcester 

TMY data as specified by the WMECo. 

The annual total load profile for the pre-retrofit case was assumed to be the same as the installed case load 

profile except that it was increased to account for the extra heat loss associated with the pre-retrofit 

holding tank.  The efficiency of the compressors was determined for both the pre-retrofit and installed 

cases based on the respective suction pressure.  According to the site contact, the compressors were 

staged so that the hourly load was distributed among the compressors with the largest compressor (with 

the VFD) either serving all the load or the balance of the load left by the smaller of the other two that 

enabled the entire load to be met. The resultant hourly BHP load was converted to kW taking into account 

the motor efficiencies of 95.8% (RWB-II-177, verified from nameplate), 95.4% (RWB-II-100, assumed) 

and 95% (RWB-II-60, assumed). 

Overall energy savings was calculated as the difference between the pre-retrofit and installed case.  

Demand was calculated from the hourly model for the installed case as specified by the utility. 
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Pre-Retrofit Verification 

There were two key pre-retrofit data inputs that needed to be verified: suction pressure and tank 

insulation.  There were pictures provided in the application documentation of the compressor control 

screen that showed the pre-retrofit suction pressure.  There was no way to verify the pre-retrofit tank 

insulation other than the description of the tank in the application due to the fact that the insulation was 

compromised unevenly over the surface of the tank. The pre-retrofit load imposed by processing the milk 

was assumed to be the same as that of the installed case and the extra standby load imposed by the poorly-

insulated glycol storage tank was calculated from standard engineering equations. 

Key Savings Calculation Inputs 

 Compressor (kW) 

 Outdoor air temperature trends (°F) 

 Compressor and compressor motor nameplate data, including motor efficiency 

 Surge and Storage tank insulation R-value  

 Amounts and temperatures for each type of product 

 Storage temperature for all products 

Evaluation Data Collection 

The Evaluator met with the facility staff to obtain as much data as possible.  The facility provided 

monthly production level data, as well as the product heat exchanger and storage tank manufacturer.  The 

Evaluator installed loggers to record kW on two of the chillers (the largest and the smallest), condenser 

fan amps, and outside air temperature. The loggers were installed according to the parameters outlined in 

Table 8.  During the site visit, nameplate data and spot measurements were obtained from the compressor 

motor and compressor control screens (including pressure information).  The R-value for the insulation on 

the surge tank was determined from documentation about the insulation material. The logger on the 

smallest compressor showed that the compressor was not used over the entire two-month period the 

logger was installed. This also helps verify the model which showed that the load over that period was 

low enough that the largest compressor could meet the total load. 

Table 8: Equipment To Be Monitored 

Equipment/ 

Parameter Metered Compressor  Motors 

Outdoor Temperature 

and Humidity 

Measurement Variable(s) kW Temperature/%RH 

Measurement Equipment Hobo Energy Pro with 

Veris kW transducer/ 

 Dent ELITEpro 

Hobo U12-011 Temp/RH 

Type of Measurement 

Equipment 

Four-Channel Logger with 
True RMS kW transducer/ 

Single-Channel Power 

Two-Channel logger 
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Equipment/ 

Parameter Metered Compressor  Motors 

Outdoor Temperature 

and Humidity 

Logger 

Installation of Monitoring 

Equipment 

Clamp-On CTs and Voltage 

taps 

Temperature and %RH 

sensors 

Frequency of Observations 5 minutes, average 5 minutes, average 

Duration of Metering 2 days/ 

 2 months 

1 month 

Metered by SBW/Electrician SBW 

 

Results 

Evaluated savings (367,093 kWh) are 63% of the tracking savings (584,288 kWh). Differences between 

evaluation and tracking savings were mainly due to use of part-load efficiencies for the evaluation instead 

of full-load efficiencies in the TA calculation (this difference was amplified by the inclusion of a VFD) 

and a calculation error in the TA report. The higher efficiencies from the part load curves accounts for 

22% of the reduction.  The curve equations are shown in Table 12 in the Appendix.  The TA calculation 

error (using BHP instead of Tons in the calculation), which amounted to a 21% reduction of the original 

claim, contributes to the remainder of the reduction.  The total load assumed by the TA was a very close 

match to the evaluation load (within 5%), but it was spread out differently, as show in Table 10, so that 

made a small difference as well. 

Table 9: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings 
Evaluated % of 

Tracking 

Annual Energy, kWh 584,288 367,093 62.8 

Percent Energy On-peak N/A 48% N/A 

Summer Seasonal Peak kW  84.0 58.3 69.4 

Winter Seasonal Peak kW  84.0 39.6 47.1 

 

Table 10: Facility Load Distribution 

Load (tons) Eval Hours* TA Hours 

500  2,928  1,824  

380 2,160  2,208  

320 2,208  672  

220 1,464  4,056  

* approximate distribution, as actual loads were used not load bins
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APPENDIX 

Table 11: Facility Product Data 

Year Item Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

2011 MILK RECEIVED 35,186,237 33,614,678 28,288,209 32,067,408 37,893,486 38,507,073 39,998,257 31,673,510 26,092,547 25,197,328 22,078,395 37,772,322 

2011 MILK SEPARATED 34,728,346 32,728,395 26,078,261 30,478,188 37,357,448 36,852,993 37,944,887 31,105,930 23,733,910 21,983,339 21,678,503 36,252,732 

2011 
CREAM PASTEURIZED 
@ 185F 3,288,780 3,087,910 2,457,640 2,879,700 3,488,850 3,422,270 3,536,780 2,766,150 2,166,850 2,095,630 2,067,440 3,449,330 

2011 
SKIM SOLD HEAT 
TREATED AT 140F 10,122,380 15,936,340 11,866,060 8,908,460 12,995,754 9,529,160 12,054,240 11,101,200 16,369,160 10,787,380 10,213,420 11,928,300 

2011 
SKIM FROM PROCESS 
PASTEURIZED AT 170F 21,317,186 13,704,145 11,754,561 18,690,028 20,872,844 23,901,563 22,353,867 17,238,580 5,197,900 9,100,329 9,397,643 20,875,102 

2012 MILK RECEIVED 38,397,318 43,190,639 48,032,268 62,147,956 63,997,784 54,921,822 52,309,131 36,473,906 28,820,734 23,366,585 26,082,952 45,361,792 

2012 MILK SEPARATED 37,666,476 41,665,082 44,477,108 63,344,490 62,791,490 53,749,157 50,650,160 35,657,138 26,100,138 22,707,695 24,279,608 42,028,448 

2012 
CREAM PASTEURIZED 
@ 185F 3,544,330 3,912,810 4,182,430 5,922,680 5,803,750 4,913,620 4,590,180 3,234,140 2,376,730 2,123,720 2,292,780 3,936,730 

2012 

SKIM SOLD HEAT 

TREATED AT 140F 10,514,260 17,560,470 11,707,160 12,724,640 14,802,500 11,905,840 12,521,410 16,410,220 13,616,880 14,051,620 8,652,080 9,432,480 

2012 

SKIM FROM PROCESS 

PASTEURIZED AT 170F 23,607,886 20,191,802 28,587,518 44,697,170 42,185,240 36,929,697 33,538,570 16,012,778 10,106,528 6,532,355 13,334,748 28,659,238 

 

Table 12: Performance Curve Coefficients 

Compressor (Motor HP) Period C C1 C2 R
2
 

RWB II - 177 (400) Pre-Retrofit -0.32047 0.019157 -0.00024 0.981107 

RWB II - 177 (400) Installed -0.29124 0.016422 -0.00016 0.977019 

RWB II - 100 (250) Pre-Retrofit 0.063363 0.022293 -0.00452 0.941982 

RWB II - 100 (250) Installed 0.024744 0.01849 -0.00279 0.942666 

RWB II - 60 (134 - Default) Pre-Retrofit 0.024118 0.023842 -0.00792 0.93877 

RWB II - 60 (134 - Default) Installed -0.01231 0.019771 -0.00492 0.942847 

Equation form: Y = C + C1X + C2Z 
Y= Performance (HP/TR), X = Temperature (°F), Z = Capacity (Tons) 
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SUMMARY 

This new construction project involved the installation of 52 new refrigerated cases with several energy 

efficient features: 

 Electronically Commutated (EC) motors to drive the evaporator fans on all 52 cases 

 LED lighting on six cases  

 Elimination of anti-condensate heaters (ACH) on one case 

Table 1 summarizes the evaluation findings. The evaluated annual energy savings is less than the tracking 

estimate savings primarily (85% of difference) due to the use of more realistic values for coefficient-of-

performance (COP) for the remote compressors. Correction of the electrical demand and cooling load 

values for the refrigerated cases (base and installed cases) and accounting for defrost and lighting 

schedules also contributed to the reduction in savings (12% and 3% of the difference respectively). 

Table 1: Savings Summary  

Savings Quantity 
Tracking  

Estimate 

Evaluated  

Savings 

Evaluated % of 

Tracking 

Annual Energy, kWh           168,027            66,793                       39.8% 

Percent Energy On-peak              N/A              47.1%              N/A 

Summer  Seasonal  Peak kW               19.3              7.8               79.5% 

Winter Seasonal Peak  kW               19.3              7.8             79.5% 

 

The percentage of savings on-peak for the tracking estimate was not provided. 

 

PROJECT DESCRIPTION 

As part of a remodeling project, a grocery store installed 52 high efficiency refrigeration cases comprising 

25 different models by three manufacturers.  The energy efficient features of the refrigeration cases are as 

follows: 

 EC motors to drive the evaporator fans in lieu of either shaded pole motors (51 cases) or 

permanent split capacitor (PSC) motors (one case) 

 LED lighting in lieu of fluorescent lighting on six cases  

 Elimination of anti-condensate heaters (ACH) on one case 

Table 2 lists the new refrigerated cases by manufacturer and model. The cases highlighted in blue are low 

temperature cases (frozen food or ice cream); the other cases are medium temperature cases (dairy, deli, 

produce, etc.). This inventory is from the TA analysis spreadsheet; it matches with the invoices provided 

in the project documentation. 
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 Table 2: Inventory of 52 New Refrigeration Cases 

Hi l l  Phoenix O3Um 8 1

Hi l l  Phoenix O3Um 12 1

Hi l l  Phoenix O3.5UM 8 2

Hi l l  Phoenix O5DM-NRG-Airwave (Dairy) 6 1

Hi l l  Phoenix O5DM-NRG-Airwave (Dairy) 8 5

Hi l l  Phoenix O5DM-NRG-Airwave (Dairy) 12 6

Hi l l  Phoenix O5DM-NRG-Airwave (Del i ) 12 2

Hi l l  Phoenix O5DM-NRG-Airwave (Produce) 6 1

Hi l l  Phoenix O5DM-NRG-Airwave (Produce) 8 1

Hi l l  Phoenix O5DM-NRG-Airwave (Produce) 12 2

Hi l l  Phoenix OHMH 12 6

Hi l l  Phoenix OHPH 8 1

Hi l l  Phoenix OHPH 12 2

Hi l l  Phoenix ON3UM 6 1

Hi l l  Phoenix ON3UM 8 2

Hi l l  Phoenix ON3UM 12 2

Hi l l  Phoenix ONN3.5UW 8 1

Hi l l  Phoenix OSI 8 1

Hi l l  Phoenix OSI 12 2

Hi l l  Phoenix OWEZ* 1 4

Hi l l  Phoenix OWIZ 12 2

Hussmann RGP 4 1

Hussmann RGP 8 2

Hussmann RGP 10 2

Zero Zone RVZC30** 5 1

* Is land end cap

** Case s ize i s  # of doors Low temp cases

Qty
Case Size

(In. ft.)
ModelManufacturer

 

 

Base Case Equipment and Operation 

The base case equipment for this project comprises the 52 new refrigeration cases (listed above in Table 

2) with standard fans and lights. The evaporator fan motors are shaded pole or PSC, and all the lighting is 

standard T-8 fluorescent.   

All seven low temperature cases and 12 of the medium temperature cases feature ACHs that operate 

continuously; there are no ACHs on the other 33 medium temperature cases.   

Table 2 in the Appendix lists the base case performance characteristics (refrigeration load, fan motors 

demand, lighting demand, ACH demand) for each model. These performance characteristics are from the 

manufacturer’s technical specifications which can be found on their respective websites.  
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For the Hill Phoenix models, the technical specifications provide refrigeration loads for each model 

(Btu/h per ft) for unlighted cases with high efficiency fans. The specifications then provide the following 

instructions to modify the refrigeration loads to reflect standard (shaded pole) fans and lighted shelves. 

 Standard fans increase refrigeration load by 96 Btu/hr per fan 

 For T8 lighted shelves, add 80 Btu/h per 4-ft lighted shelf (i.e. 8-ft and 12-ft cases), add 60 

BTU/h per 3-ft lighted shelf (i.e. 6-ft case). 

Note1: the above Btu/h adjustments are per case, not per ft. 

Note2: one lighted shelf per case was assumed for every model 

For the Hussmann RGP cases, the RGPSM technical data sheet was used for the refrigeration load 

(assuming “conventional” with “front and rear storage”). Power demands for fans and lighting could not 

be found for this model, so the standard fan powers for Hussmann reach-in units were used. The lighting 

demands are unchanged from the TA’s assumed values; the source of these values could not be verified 

but they are consistent with other models. 

For the Zero Zone RVZC30 case, the Zero Zone website provided all the technical specifications for 

refrigeration load, standard fan motor (PSC) demand, T-8 lighting demand, and the ACH (called 

“Standard-Energy Doors”) demand. The technical specification also provided the “Btuh Adders” (i.e. 

refrigeration load increases) for PSC fan motors, T-8 lighting, and Standard-Energy Doors which include 

heated glass, rails and frame. 

The far right column of Table 3 lists the total kW for each model, which is calculated as the product of the 

quantity of that model and the sum of its respective loads: remote compressor kW, fans kW, lighting kW, 

and the ACH kW. 

Installed Equipment and Operation 

For the installed case the evaporator fans are driven by EC motors on all of the 52 cases, fluorescent 

lighting has been replaced by LED lighting on six of the cases, and the anti-condensate heaters have been 

removed from one of the low temperature cases.   

Error! Reference source not found. in the Appendix shows the installed case performance 

characteristics for each model; the input parameters that differ from the base case are shaded in green. 

These performance characteristics are from the manufacturer’s technical specification sheets which can be 

found on their respective websites. The fan demand for the Zero Zone case is from a spot measurement 

taken on site (101.5 Watts, in place of 100 Watts listed in the manufacturer’s specification). 

Because the technical specifications provide refrigeration loads for each model with high efficiency fans, 

the loads only needed to be adjusted to account for lighting. As with the base case, the adjustment for 

lighting was done according to the instructions in the specifications.  

 For T8 lighted shelves, add 80 Btu/h per 4-ft lighted shelf (i.e. 8-ft and 12-ft cases), add 60 

BTU/h per 3-ft lighted shelf (i.e. 6-ft case). 
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 For LED lighting add 36 Btu/h per 4-ft lighted shelf (8-ft and 10-ft cases), add 27 Btu/h per 3-ft 

lighted shelf (i.e. 4-ft case). 

Note1: the above Btu/h adjustments are per case, not per ft. 

Note2: one lighted shelf per case was assumed for every model 

For the Hussmann RGP cases, the RGPSM technical data sheet was used for the refrigeration load 

(assuming “conventional” with “front and rear storage”). The refrigeration load was adjusted down (using 

the Hill Phoenix adjustment values) to account for the lower heat loads of ECM fans and LED lights. 

Power demands for fans and lighting could not be found for this model, so the ECM fan powers for 

Hussmann reach-in units were used. The lighting demands are unchanged from the TA’s assumed LED 

values; the source of these values could not be verified but they are not unreasonable. 

For the Zero Zone RVZC30 case, the Zero Zone website provides all the technical specifications for ECM 

fan motors, LED lighting, and the ACH (called “ELM II - No Energy Doors”). The technical specification 

also provided the “Btuh Adders” (i.e. refrigeration load increases) for LED lighting. Note that the ACH 

load is not zero for this model, but follows the manufacturer specification which states that although the 

door heaters have been removed, the frame heaters remain.  

The far right column of Table 4 lists the total kW for each model, which is calculated as the product of the 

quantity of that model and the sum of its respective loads: remote compressor kW, fans kW, lighting kW, 

and the ACH. 

 

TRACKING ANALYSIS  

Tracking Calculation Methodology 

The TA performed a spreadsheet analysis to calculate the demand and energy savings. The TA 

spreadsheet(s) contained a few errors in manufacturer performance data (e.g. refrigeration load entered as 

Btu/h per case instead of Btu/h per ft when calculations were based on feet) as well as some calculation 

errors (i.e. incorrectly summing rows). 

Overall demand for each refrigeration model was calculated by summing the demand of the direct loads 

(fans, lights, and ACHs) and the indirect load (refrigeration system remote compressors). The TA 

calculated the indirect demand of the remote compressors by assuming a COP of 1.0 (i.e. 1 kW of 

compressor demand per 1 kW of refrigeration load; this is equivalent to 3.5 kW/ton). 

Overall demand savings for each model was calculated as the difference between the base case total 

demand and the proposed case total demand.  

Overall energy savings was calculated by multiplying the demand saving by 8760 hours.   
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EVALUATION ANALYSIS  

Evaluation Calculation Methodology 

For this evaluation, the calculation methodology is similar to the tracking calculation methodology with 

the following differences. 

 Indirect demand of the remote compressors is based on a COP of 1.94 (equivalent to 1.8 kW/ton) 

for the seven low temperature refrigeration cases and a COP of 3.71 (equivalent to 0.95 kW/ton) 

for the 45 medium temperature cases.  

 For all 52 refrigeration cases, the lights are off for 8 hours (11pm – 7am) every night of the week. 

The lights are also off during the defrost cycles for all 52 cases. This not only directly affects the 

lighting demand but also indirectly affects the remote compressors demand. 

 The fans are off during the defrost cycles for the seven low temperature cases. Again this not only 

directly affects the fans demand but also indirectly affects the compressors demand. 

The source for the compressors’ COP values is the Custom Express Tool (CET), which is a 

spreadsheet calculation tool developed by National Grid. CET has an embedded refrigeration 

macro which calculates compressor demand as a function of refrigeration load and suction 

temperature. The macro produces results which indicate a COP = 1.94 for -18°F suction 

temperature (i.e. low temperature evaporator) and a COP = 3.71 for 22°F suction temperature 

(i.e. medium temperature evaporator). This evaluation followed the submitted M&V Plan which 

specifically called out the use of the CET spreadsheet values for calculating the indirect energy 

savings. These COP values were verified against ANSI/AHRI Standard 1201 “ 2010 Standard 

for Performance Rating of Commercial Refrigerated Display Merchandisers and Storage 

Cabinets:” Table 1. COP for Remote Commercial Refrigerated Display Merchandisers and 

Storage Cabinets.  

 
The source for the lighting schedule is data logged on the Zero Zone RVZC30 case (see Figure 1 in the 

Appendix).  The current to the case lighting was logged every 15 minutes from the end of November, 

2012 to the beginning of January, 2013.  The data shows the lighting demand dropping to zero every 

night between 11pm and 7am. The store manager confirmed that all the lights on all 52 cases are on the 

same schedule (i.e. off at night when the store is closed). 

Spot measurements on the Zero Zone RVZC30 case indicate the fan power demand matches almost 

exactly with the manufacturer’s specification: 101.5 Watts measured versus 100 Watts listed in 

specification. 

The defrost schedules are from the manufacturers’ technical specifications. The low temperature cases 

(OWEZ, OWIZ, and RVZC30) defrost once per day beginning at midnight for 60 minutes. Several of the 

medium temperature cases (O3UM, O3.5UM, OHPH, ON3UM, ONN3.5UW, OSI, and RGP) defrost 

three times per day (6am, 2pm, and 10pm) for 30 minutes on average. The other medium temperature 

cases (O5DM-NRG, OHMH) defrost four times per day (12am, 6am, 12pm, and 6pm) for 30 minutes on 

average.  
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Hourly kW usage profiles were created for the base case and installed case using the data shown in Tables 

3 and 4 in the Appendix along with the defrost and lighting schedules discussed above. The hourly usage 

profiles do not vary by day of the week or season.  

Baseline Verification 

The baseline was verified by comparing the equipment list (Table 2) to the invoices provided in the 

supporting project documentation. The performance parameters for each refrigeration case were then 

checked against the manufacturers’ specifications found on their respective websites; based on this 

review, we made some minor changes (<5% difference) to a few of the refrigeration loads. We also found 

and corrected more significant errors in the refrigeration loads entered for the three Hussmann RGP cases 

(the TA had entered refrigeration load as Btu/h per case instead of Btu/h per ft when calculations were 

based on feet). 

As discussed throughout this report, the major change between the TA baseline and the evaluation 

baseline is the value used for compressor COP. We verified the evaluation values for compressor COP, 

which were initially provided in a National Grid calculation tool, by referencing Table 1 of ANSI/AHRI 

Standard 1201. 

Key Savings Calculation Inputs 

 Fan motor watts (EC and standard) 

 Lighting watts (T-8 and LED) 

 Remote compressor coefficient-of-performance (low temp and medium temp cases) 

 Refrigeration loads (base loads and adders for standard lights and fans) 

 Defrost cycles frequency and duration 

Evaluation Protocol 

SBW visited the site to inspect the installed case equipment, record nameplates and take spot 

measurements. While on site the evaluator also deployed data loggers to record amperage draw and 

operating profiles. The data loggers were attached to the Zero Zone low temperature refrigerated case 

circuitry. The original intent was to log data from several different manufacturers’ cases; however, once 

on site the evaluation team found missing and/or inaccurate labeling on the electrical panels. The 

evaluation team was able to confirm the circuitry for only one set of cases, which included the Zero Zone 

low-temperature case. 

Evaluation Data Collection 

Evaluators collected the following data to verify defrost cycles and light schedules for Zero Zone low 

temperature refrigerated cases. 
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Table 5: Equipment Monitored 

Equipment/ 

Parameter Metered 

 

ECM Fans, LED Lights 

Measurement Variable(s) Amps 

Measurement Equipment Energy Logger Pro  

Type of Measurement Equipment Multi-Channel Logger 

Installation of Monitoring Equipment CTs 

Frequency of Observations 15 minutes, average  

Duration of Metering 1 month 

Metered by SBW/RISE 

 

RESULTS 

Subtracting the installed case kW profile from the base case kW profile gives the overall savings profile. 

This overall savings profile was then used to calculate the peak demand and annual energy savings. The 

annual energy savings is 66,806 kWh, which is 39.8% of what the TA estimated in their analysis.  

Peak demand savings were calculated using the definitions of peak demand periods as defined by 

WMECo.  

Table 6 summarizes the evaluation savings. 

Table 6: Evaluation Savings Summary 

Savings Quantity 
Tracking  

Estimate 

Evaluated  

Savings 

Evaluated % of 

Tracking 

Annual Energy, kWh           168,027            66,793                       39.8% 

Percent Energy On-peak              N/A              47.1%              N/A 

Summer Seasonal Peak kW               19.3              7.8               79.5% 

Winter Seasonal Peak kW               19.3              7.8             79.5% 

 

The reduction in energy savings between the tracking estimate and the evaluated savings is attributable to 

the following three factors. 

 The TA estimate assumed COP = 1.0 when calculating the electric demand of the remote 

compressors for both the low temperature and medium temperature refrigerated cases. The 

evaluation assumed COP = 1.94 (low temperature) and COP = 3.71 (medium temperature) for the 

remote compressors.  This difference in COP’s accounts for 85% of the reduction in energy 

savings. 

 The TA spreadsheet(s) contained a few errors in manufacturer performance data (e.g. 

refrigeration load entered as Btu/h per case instead of Btu/h per ft when calculations were based 
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on feet) as well as some calculation errors (i.e. incorrectly summing rows). These errors in the TA 

analysis account for 12% of the reduction in energy savings. 

 The TA assumed 8760 hrs of annual operation for the fans and lights. The evaluation 

incorporated the defrost cycles and lighting schedules. This difference in hours of operation for 

the lights and fans (and the indirect effect on the remote compressors demand) accounts for 4% of 

the reduction in savings. 

The annual energy savings of 66,793 kWh breaks down between the different energy consumers as 

follows: 46.5% of the savings is due to indirect savings (i.e. reduced load on the remote compressors), 

43.9% is due to the ECM fan motors on all 52 cases, 6.2% is due to removing the ACH (doors and rail) 

from one case, and 2.4% of the savings is due to the LED lights on six of the cases. 

As mentioned previously in this report, one of the key savings calculation inputs is the COP used to 

determine the indirect savings associated with the remote compressors. This evaluation used COP values 

from National Grid’s Custom Express Tool (CET). The CET values fall roughly in the middle of the 

range of published values for refrigerated case remote compressors. The other key savings calculation 

input is the refrigeration load difference associated with standard vs high efficiency fans and standard vs 

LED lighting; for this the evaluation relied on the manufacturers’ guidelines listed in their technical 

specifications. 
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APPENDIX 

Data Summaries 

Table 2: Base Case Refrigerated Cases Performance Characteristics 

Load 

(BTU/h)

Remote 

Compressor 

Demand 

(kW)

Fan Motor 

Demand 

 (W)

Lighting 

Demand 

(W)

ACH 

Demand

 (W)

Hi l l  Phoenix O3Um 8 1 1004 8032 0.63 90 56 30 0.81

Hi l l  Phoenix O3Um 12 1 997 11960 0.94 120 84 46 1.19

Hi l l  Phoenix O3.5UM 8 2 1254 10032 0.79 90 56 30 1.94

Hi l l  Phoenix O5DM-NRG-Airwave (Dairy) 6 1 1400 8400 0.66 60 44 0 0.77

Hi l l  Phoenix O5DM-NRG-Airwave (Dairy) 8 5 1404 7020 0.55 90 56 0 3.50

Hi l l  Phoenix O5DM-NRG-Airwave (Dairy) 12 6 1397 6983 0.55 120 84 0 4.53

Hi l l  Phoenix O5DM-NRG-Airwave (Del i ) 12 2 1497 7483 0.59 120 84 0 1.59

Hi l l  Phoenix O5DM-NRG-Airwave (Produce) 6 1 1400 7000 0.55 60 44 0 0.66

Hi l l  Phoenix O5DM-NRG-Airwave (Produce) 8 1 1404 7020 0.55 90 56 0 0.70

Hi l l  Phoenix O5DM-NRG-Airwave (Produce) 12 2 1397 6983 0.55 120 84 0 1.51

Hi l l  Phoenix OHMH 12 6 1361 16328 1.29 150 84 0 9.14

Hi l l  Phoenix OHPH 8 1 1201 9608 0.76 120 56 0 0.93

Hi l l  Phoenix OHPH 12 2 1142 13700 1.08 150 84 0 2.63

Hi l l  Phoenix ON3UM 6 1 794 4764 0.38 60 44 24 0.50

Hi l l  Phoenix ON3UM 8 2 798 6384 0.50 90 56 30 1.36

Hi l l  Phoenix ON3UM 12 2 791 9488 0.75 120 84 46 2.00

Hi l l  Phoenix ONN3.5UW 8 1 952 7616 0.60 90 56 0 0.75

Hi l l  Phoenix OSI 8 1 364 2912 0.23 51 56 119 0.46

Hi l l  Phoenix OSI 12 2 357 4280 0.34 68 84 179 1.34

Hi l l  Phoenix OWEZ* 1 4 2855 2855 0.43 34 0 187 2.61

Hi l l  Phoenix OWIZ 12 2 635 7620 1.15 102 84 475 3.62

Hussmann RGP 4 1 1179 4716 0.37 100 64 0 0.54

Hussmann RGP 8 2 1179 9432 0.74 200 128 0 2.15

Hussmann RGP 10 2 1179 11790 0.93 250 160 0 2.68

Zero Zone RVZC30** 5 1 1104 5520 0.83 150 349 938 2.27

* Is land end cap 50.18

** Case s ize i s  # of doors

Case Size

(In. ft.)
ModelManufacturer

per refrigeration case

Load

(Btu/h)

(per In. ft.) or 

(per door)

Total 

Demand

 for all Cases 

(kW)

Qty
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Table 4: Installed Case Refrigerated Cases Performance Characteristics 

 

Load 

(BTU/h)

Remote 

Compressor 

Demand 

(kW)

Fan Motor 

Demand 

 (W)

Lighting 

Demand 

(W)

ACH 

Demand

 (W)

Hi l l  Phoenix O3Um 8 1 968 7744 0.61 13.8 56 30 0.71

Hi l l  Phoenix O3Um 12 1 965 11576 0.91 18.4 84 46 1.06

Hi l l  Phoenix O3.5UM 8 2 1218 9744 0.77 13.8 56 30 1.74

Hi l l  Phoenix O5DM-NRG-Airwave (Dairy) 6 1 1047 6279 0.50 35 44 0 0.57

Hi l l  Phoenix O5DM-NRG-Airwave (Dairy) 8 5 1047 5233 0.41 35 56 0 2.52

Hi l l  Phoenix O5DM-NRG-Airwave (Dairy) 12 6 1043 5213 0.41 53 84 0 3.29

Hi l l  Phoenix O5DM-NRG-Airwave (Del i ) 12 2 1008 5038 0.40 53 84 0 1.07

Hi l l  Phoenix O5DM-NRG-Airwave (Produce) 6 1 1047 5233 0.41 35 44 0 0.49

Hi l l  Phoenix O5DM-NRG-Airwave (Produce) 8 1 1047 5233 0.41 35 56 0 0.50

Hi l l  Phoenix O5DM-NRG-Airwave (Produce) 12 2 1043 5213 0.41 53 84 0 1.10

Hi l l  Phoenix OHMH 12 6 1321 15848 1.25 70 84 0 8.43

Hi l l  Phoenix OHPH 8 1 1105 8840 0.70 56 56 0 0.81

Hi l l  Phoenix OHPH 12 2 1102 13220 1.04 70 84 0 2.40

Hi l l  Phoenix ON3UM 6 1 762 4572 0.36 9.2 44 24 0.44

Hi l l  Phoenix ON3UM 8 2 762 6096 0.48 13.8 56 30 1.16

Hi l l  Phoenix ON3UM 12 2 759 9104 0.72 18.4 84 46 1.73

Hi l l  Phoenix ONN3.5UW 8 1 916 7328 0.58 35.1 56 0 0.67

Hi l l  Phoenix OSI 8 1 328 2624 0.21 33 56 119 0.42

Hi l l  Phoenix OSI 12 2 325 3896 0.31 44 84 179 1.23

Hi l l  Phoenix OWEZ* 1 4 2663 2663 0.40 22 0 187 2.44

Hi l l  Phoenix OWIZ 12 2 587 7044 1.06 66 84 475 3.38

Hussmann RGP 4 1 1116 4464 0.35 36 56 0 0.44

Hussmann RGP 8 2 1133 9064 0.72 72 112 0 1.80

Hussmann RGP 10 2 1133 11326 0.89 90 140 0 2.25

Zero Zone RVZC30** 5 1 1037 5185 0.78 101.5 145 466 1.50

* Is land end cap 42.16

** Case s ize i s  # of doors highl ighting indicates  input  data  that di ffers  from the Base Case

Total 

Demand

 for all Cases 

(kW)
per refrigeration case

Manufacturer Model
Case Size

(In. ft.)
Qty

Load

(Btu/h)

(per In. ft.) or 

(per door)
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Figure 1: Logged Amperage Draw for LED Lights (Zero Zone RVZC30) 
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Application ID: NGRID 566448 

Measure Category: Motor 

Project Type: New Construction 

Summary 

This measure installs a new vacuum pump and variable speed drive to operate with eight milking 

machines.  This measure is entered as new construction.  The existing motor was a 3.0-HP unit, however, 

as a new construction measure, the existing motor is not used as the project baseline.  The measure 

requires a minimum 5.0-HP motor to conform to American Society of Agricultural and Biological 

Engineers (ASABE) standards. The standard, non-VSD 5.0-HP unit is used as the baseline. 

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 6,188 kWh is 8% greater than the tracking estimates. Summer on-peak demand savings are 

14% less than the tracking estimates and winter on-peak demand savings are 4% more than anticipated.  

The savings variance is due to a slight increase in annual operation of the vacuum pump and by the 

installed system operating at a lower average kW than anticipated.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 

Estimate 

Evaluation 

Estimate 

Evaluation / 

Tracking 

Annual Energy (kWh) 5,717 6,188 108% 

% Energy Savings On-Peak 49.0% 48.8% 100% 

Summer On-Peak Demand (kW) 1.20 1.03 86% 

Winter On-Peak Demand (kW) 1.60 1.66 104% 

Project Description 

The vacuum required for milking and product transport to the milk room was provided by a 3.0-HP 

single‐phase motor driven by a v‐belt drive.  This is a floating-vein vacuum pump running at a constant 

speed. The pump provides constant vacuum to the milking units under the washing, milking, and idling 

conditions.  The vacuum is kept constant by a regulator that bleeds air into the system to maintain 14” Hg 

of vacuum. The system was dated and needed to be upgraded to conform to ASABE standards and 

requirements.  Due to these required changes, a standard efficiency 5.0-HP motor without a variable 

speed drive is used as the baseline for this measure and not the existing 3.0-HP unit. The existing system 

contained a 20-gallon receiver. Three inch vacuum lines were in place for a large portion of the system. 
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The system was added to and repaired over the years and parts of the system contained smaller lines. The 

exact quantity and size is not known. 

The proposed installation is for a vacuum pump with equipped a 5.0-HP 3-phase motor, an inverter drive, 

power filter, line reactor, 30-gallon balance tank and an upgrade of vacuum lines to 3”.  By controlling 

the vacuum level with a variable‐speed drive, the motor would only draw the current necessary to perform 

specific tasks (washing, milking, or idling). 

Tracking Analysis 

Tracking Calculation Methodology 

Annual electrical savings were calculated in an Excel spreadsheet.  Calculations were performed for each 

of the three tasks – washing, milking, and idling.  Specific hours and load factors were assigned for each 

task to reflect the unique operational requirements.  The outputs for each task were summed to estimate 

total vacuum pump operation.  These calculations are performed for both the existing and installed 

scenarios.  Because the baseline system operates as constant volume, the required motor power for all 

three tasks was calculated at 4.52 kW. 

∑   

         
    
   

           
    

  
            

                 

Where: 

∑              = sum of annual kWh of the washing, milking, and idling tasks 

mhp = motor HP 

746 = horsepower to kW conversion factor 

1,000 = Watts to kW conversion factor 

eff = motor efficiency 

hrs/day = hours per day per task 

days/wk = days per week per task 

lf = load factor per task 

wks/year = weeks per year 
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The factors used in the existing system calculations are: 

Table 2:  Factors By Task 

Task Load Factor Hours Per Day 

Washing 75% 1.1 (6:09 am to 

6:45 am; 5:30 pm 

to 6:00 pm) 

Milking 60% 4.0 (4:15 am to 

6:15 am; 3:30 pm 

to 5:30 pm) 

Idling 40% 4.0 (4:15 am to 

6:15 am; 3:30 pm 

to 5:30 pm) 

The installed system operation was calculated using the same formula.  The hours per day, days per week, 

load factor, and weeks per year remain the same as the baseline values.  The motor kW was fixed at 4.52 

kW for all three tasks representing a constant volume system.  The 4.52 kW is reduced by the load factor 

assigned for each task.  Different motor kW values are used in the installed scenario calculations to 

estimate VSD operation. The parameters identified in the TA report are: 

Table 3:  Savings Calculation Parameters 

Value Parameter 

8 Number of milking machines 

6 CFM system peaking load 

2 CFM per machine for washing task 

1.15 CFM per machine for milking task 

0.11 HP per CFM conversion factor 

86.0% Motor efficiency washing 

83.0% Motor efficiency milking 

57.0% Motor efficiency idling 

 

kWtask = (((CFMpeakload + (# machines x CFMtask) x 0.11) x 0.746)/EFFtask)/Effinverter 

Where: 

kWtask = kW for each task 

CFMpeakload = CFM system peaking load 

# machines = number of milking machines 

CFMtask = CFM per task 
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0.11 = CFM to HP conversion factor 

0.746 = HP to kW conversion factor 

EFFtask = motor efficiency per task 

Effinverter = Inverter efficiency 

No CFM value was assigned to the idle load.  The motor operates at idle for 20% of the time.  The TA 

study included a motor curve for the 5.0 HP motor.  The motor efficiencies used per task were taken from 

that curve according the percent load each task represents to the new 5.0-HP motor at 100% load. 

Discussion of Tracking Analysis 

The TA report provides a comprehensive analysis for the motor/VSD application.  Specific operating 

criteria are identified for each of the three tasks.  The calculations also include variable motor efficiencies 

according to task and load.  The operation is further modified by incorporating the inverter efficiency.  

The level of detail and documentation is very good and provides a reasonable assessment of savings. 

The percentage of energy savings occurring during energy peak periods was calculated based on the ratio 

of savings during peak periods to total energy savings.  The tracking analysis reported 46% on-peak 

savings, which is the ratio of total peak hours to total annual hours.  The summer and winter peak demand 

savings are calculated using by dividing the annual kWh savings by the annual operating hours.  This 

value is multiplied by 37.5% to obtain summer peak demand savings and by 50% to calculate winter peak 

demand.  These multipliers represent the percent of time the pump is operating during the demand 

periods. 

Baseline Validity 

Tracking savings were calculated using a less efficient replacement motor that is larger than the existing 

unit.  The vacuum pump replacement is only a part of the work performed at the site.  The upgrade 

included modifications of network piping and controls.  The proposed 5.0-HP constant speed baseline is 

consistent with a low cost option for this work. 

The existing vacuum pump was working, but should have been replaced years ago. Reliability was an 

extreme concern. The system upgrade, while not code, has legal and safety components. Milking system 

size is important to prevent a disease called mastitis. This is a bacterial infection that can injure the cow, 

reduce milk production, affect product quality, and be transferred to the rest of the herd. High somatic cell 

counts (SCC) from infection will result in rejection of product by milk processors.  

 

Maintaining a constant vacuum pressure is a key variable in preventing infection. The installation of the 

tank, piping upgrades, and larger compressor are necessary to maintaining pressure. While the existing 
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pump was operational, the system vacuum was not reliable and could result in mastitis development. The 

existing system could no longer be trusted or safely used. If mastitis developed, it would have been 

financially devastating to the farm. 

 

Evaluation Methodology 

An Elite power logger was installed to monitor the operation of the vacuum pump.  The monitored data 

provided the operating schedule for the vacuum pump operation as well as the average hourly power 

consumption.  Instantaneous power measurements were also taken during the logger installation and 

retrieval site visits. 

Monitored data from the Elite power logger was converted into average hourly kW values.  These values 

are unique for each hour of the day and each day of the week.  This monitored data shows power 

consumption for each phase of the milking operation.  A “typical” weekly operating schedule was created 

from the data.  That schedule is provided in the Table 4  below.  This load is consistent throughout the 

year as milking takes place twice a day, 365 days per year.  Therefore, evaluators considered these data 

representative of the entire year. 
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Table 4:  Weekly Operating Schedule 

 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The baseline was derived from the required 

milking schedules at the farm. The milking schedule is determined by the milk production of the cows. 

The milking schedule coincides with the full production by the cows. The savings for each hour are 

summed to calculate annual savings.  Summer and winter peak demand savings are generated for the 

hours in those periods using the unique hourly values. 

Evaluation Data Collection 

The make, model, and specifications of the installed vacuum pump were confirmed during the site visit.  

The baseline conditions were discussed with the site contact.  The energy efficiency program enabled the 

contact to make the changes needed at the farm.  He confirmed the baseline assumptions presented in the 

tracking documentation.  The tracking calculations were reexamined and the 2.40 kW baseline power 

requirement was deemed accurate based upon these discussions.  The site contact also stated that no other 

changes in the milking operation had occurred since the project was implemented. 

Hour Sun Mon Tue Wed Thu Fri Sat 
1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
5 0.35 0.31 0.36 0.44 0.36 0.35 0.38 
6 0.45 0.36 0.41 0.40 0.36 0.49 0.35 
7 0.45 0.60 0.64 0.65 0.63 0.73 0.69 
8 0.72 0.83 0.86 0.68 0.82 0.79 0.76 
9 0.91 0.00 0.00 0.00 0.00 0.58 0.82 
10 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
11 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
15 0.00 0.00 0.00 0.00 0.00 0.00 0.59 
16 0.39 0.44 0.25 0.36 0.31 0.39 0.37 
17 0.36 0.29 0.32 0.30 0.37 0.37 0.35 
18 0.42 0.61 0.60 0.73 0.54 0.70 0.70 
19 0.58 0.80 0.82 1.01 0.70 0.87 0.77 
20 1.06 0.68 0.00 0.00 0.38 0.00 0.00 
21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
24 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

Site Average Hourly kW 
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Evaluation Savings Analysis 

Annual savings were calculated using an 8,760 hour spreadsheet. The power data obtained from the Elite 

power logger provided a kW value for each operating hour of the year.  That value was subtracted from 

the verified baseline kW to obtain hourly savings.  Hourly savings were summed to generate annual 

savings.  Summer and winter demand savings were calculated for the hours in those periods.  The savings 

for day one are provided in Table 5 below. 

Table 5: Calculation Spreadsheet 

 

 

 

 

Verification of Equipment and Operating Parameters 

Max 1.1 1.1 2.4 2.4 2.4

Min 0 0 0 0 0

Totals Totals 1,825 1,825 8,014 8,014 6,188

Worcester MA TMY3 Temps

Date Month Day

Day 

of 

Wk

OWB 

Temp

ODB 

Temp Hour Site kW Site Total kW

Tracking 

kW

Total Tracking 

kW

Total 

kWh 

Savings

1/1/2011 Jan Sat 7 25 29 1 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 25 28 2 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 24 28 3 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 24 27 4 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 24 27 5 0.38 0.38 2.40 2.40 2.02

1/1/2011 Jan Sat 7 24 26 6 0.35 0.35 2.40 2.40 2.05

1/1/2011 Jan Sat 7 23 26 7 0.69 0.69 2.40 2.40 1.71

1/1/2011 Jan Sat 7 24 27 8 0.76 0.76 2.40 2.40 1.64

1/1/2011 Jan Sat 7 25 29 9 0.82 0.82 2.40 2.40 1.58

1/1/2011 Jan Sat 7 26 30 10 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 26 30 11 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 26 31 12 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 26 31 13 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 25 30 14 0.00 0.00 2.40 2.40 2.40

1/1/2011 Jan Sat 7 25 30 15 0.59 0.59 2.40 2.40 1.81

1/1/2011 Jan Sat 7 24 29 16 0.37 0.37 2.40 2.40 2.03

1/1/2011 Jan Sat 7 23 27 17 0.35 0.35 2.40 2.40 2.05

1/1/2011 Jan Sat 7 21 26 18 0.70 0.70 2.40 2.40 1.70

1/1/2011 Jan Sat 7 20 24 19 0.77 0.77 2.40 2.40 1.63

1/1/2011 Jan Sat 7 18 22 20 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 16 19 21 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 14 17 22 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 13 16 23 0.00 0.00 0.00 0.00 0.00

1/1/2011 Jan Sat 7 12 15 24 0.00 0.00 0.00 0.00 0.00
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Table 6 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 6:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

Baseline kW 2.40 2.40 100% 

Installed Motor HP 5.00 5.00 100% 

Average Vacuum Pump kW 0.590 0.547 92.7% 

Annual Operating Hours 3,324 3,339 100.5% 

The monitored data and information collected at the site very closely matches the tracking documentation.  

The annual operation is 15 hours greater than what was identified.  This is consistent with the required 

regiment of the milking operation.  The new vacuum pump operated at nearly 8.0% less power than 

estimated.  There were no changes in the equipment type, pump quantity, or in the estimated baseline 

operating kW. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 5,717 kWh.  The evaluation estimates 

annual energy savings to be 6,188 kWh, resulting in an annual energy savings realization ratio of 108%.  

The savings variance is due to a slight increase in annual operation of the vacuum pump and by the 

installed system operating at a lower average kW than anticipated. 

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 

49.0% while the evaluation finds this value to be 48.8% resulting in a realization ratio of 100%. 

The summer demand peak reduction is estimated in the tracking analysis to be 1.20 kW.  The evaluation 

estimates the summer demand peak power reduction to be 1.03 kW, resulting in a realization ratio of 

86%.  The tracking analysis calculated summer peak demand as 37.5% of the total connected demand 

reduction. 

The winter demand peak reduction is estimated in the tracking analysis to be 1.6 kW, and the evaluation 

found this value to be 1.66 kW, resulting in a realization ratio of 104%.  The tracking analysis calculated 

winter peak demand as 50.0% of the total connected demand reduction. 
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SUMMARY 

This Energy Initiative project involved the implementation of several measures at a facility owned and 

operated by a processor of dairy products.  This report addresses only one of the measures: the 

replacement of two constant speed 20 HP pumps with new VFD-driven 25 HP pumps on the chilled 

glycol loop serving the raw milk production line.   

Table 1 summarizes the evaluation findings and compares them to the tracking estimate.  Direct energy 

savings result from running a single new 25-HP pump instead of two constant speed 20 HP pumps, and 

varying pump speed during production and non-production hours. Indirect savings result from a reduction 

in compressor loading associated with lower pump heat. 

The evaluation calculated savings are 89% of the TA estimate.  The reduction in savings is due to a 

corrected accounting of pump heat reduction on chiller compressor load. 

Table 1: Savings Summary 

Savings Quantity 
Tracking  

Estimate 

Evaluated  

Savings 

Evaluated % of 

Tracking 

Annual Energy, kWh 82,966 74,019 89% 

Percent Energy On-peak 37% 44% 119% 

Summer On-Peak kW  7.8 7.4 94% 

Winter On-Peak kW  7.8 7.1 91% 
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PROJECT DESCRIPTION 

The plant produces raw milk, pasteurized milk, and cream. Production hours are typically Monday 

through Saturday 4 AM to 12 AM. Non-production hours are 12 AM to 4 AM on Monday through 

Saturday and all Sundays and three holidays. 

The refrigeration system is comprised of a central compressor plant, multiple condensers, and a variety of 

distributed evaporators.  The compressor plant consists of eight Frick rotary screw ammonia compressors: 

three 200-hp RWB 40 compressors (#1-#3), one 500-hp RWB 106 compressor (#4), and four RWB II 222 

compressors with variable volume index (Vi) control (#5-#8).  Currently, compressors #1-#4 are shut 

down and only compressors #5-#8 (the newer variable Vi machines) are being used.  

Multiple condensers comprise a total of approximately 2,380 tons of heat rejection capacity.  The older 

units with constant-speed fans operate at full-load, while a new 892-ton evaporative condenser with VFD 

fans handles trim loads. 

The overall cooling load is the sum of the loads associated with the production lines and thirty-six 

medium temperature refrigerated spaces. The medium-temperature spaces are served by direct-expansion 

evaporators, while the production lines are served by chilled 30% propylene glycol produced by two plate 

and frame heat exchangers.   

This report addresses the savings associated with the replacement of two constant-speed pumps with 

VFD-driven pumps on the glycol loop serving the raw milk production lines. Energy savings result from 

decreased pump energy during production and non-production hours. Decreased pump energy also results 

in reduced pump heat, which results in savings at the compressors.  

Pre-Retrofit Case Equipment and Operation 

Two 20-hp constant speed pumps circulated approximately 540 GPM of chilled glycol between the heat 

exchanger and the 3-way valves at the raw milk production line. Both pumps operated primarily between 

4 AM – 10 PM on typical days and to a lesser degree during all other hours. During non-production hours 

glycol flow is bypassed. Total annual pump runtime is about 8,000 hours. 

Installed Case Equipment and Operation 

One 25-hp variable speed pump circulates approximately 540 GPM of chilled glycol between the heat 

exchanger and the 2-way valves at the raw milk production line. The second pump operates as backup. 

The pump production hours are 18 hours per day during all days of the week (about 6,500 hours per year).  

During non-production periods the pump continues to operate at significantly reduced load. 
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TRACKING ANALYSIS  

Tracking Calculation Methodology 

For the pre-retrofit case, five minutes of one-second readings of pump electrical demand during 

production hours revealed relatively constant power demand.  For each pump, a linear relationship 

between current and demand (kW) was developed in the form of kW = M × amps + B, where M is the 

slope and B is the intercept. In addition, the amperage of the pump motors was metered on one-minute 

intervals for 30 days. Using the pump power equations correlating kW with amps, the total pump demand 

at each interval was calculated. The glycol flows through the process lines during all hours, but bypasses 

the heat exchangers in the production lines during non-production hours. 

For the installed case, one pump carries the load and the other pump operates only in a backup capacity. 

The lead pump operates under VFD control to maintain differential pressure, which otherwise would vary 

significantly with load in the installed case since the three-way valves on the production lines have been 

replaced by two-way valves.  

No data was collected by the TA for the installed case. Instead the installed case pump curves provided by 

the vendor were applied to the TA’s in-house pump tool to correlate glycol flow rate and pump demand 

under VFD control. 

The savings analysis was based on time-of-day bin models and assumed to be independent of weather. 

Hourly load profiles were created from metered data for a typical production day (Mon-Sat) and a typical 

non-production day (Sun) and plugged into respective production and non-production bin models. 

Energy savings in the installed case results from operating at lower demand during production hours and 

non-production hours. There are also savings from reduced compressor load due to reduced pump heat. 

This savings assumes a fixed value for compressor performance taken from a previous study and a fixed 

value for pump efficiency.  

Demand savings in each bin was calculated as the sum of the pump and compressor demand reduction. 
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EVALUATION ANALYSIS  

EVALUATION METHODOLOGY 

The evaluation used a similar approach as the TA study except that installed case data was obtained 

through monitoring rather than modeling. Average pump power (kW) was logged at 15-minute intervals 

on both raw milk line glycol pumps #6 and #7 for a period of 14 weeks, which included 14 weekends as 

well as Thanksgiving, Christmas and New Year’s holidays.  One-time measurements were taken but 

found to be erroneous.   

Data indicate that only pump #7 ran the first six weeks of the logging period, then switched to pump #6 

for the remaining eight weeks of the logging period.  The energy calculations are based on the logged 

amps from both pumps.  The logged average hourly amps data were used to develop a weekly profile of 

percent on-time.  This weekly profile confirmed that the raw milk line operates essentially the same every 

day of the week; however, separate hourly profiles were established for weekdays (Monday through 

Saturday) and Sundays/holidays. The amps data were then used to calculate kW, using an estimated 

power factor and nameplate voltage rating.  For the installed case energy use, hourly demand profiles 

were developed by averaging the kW values by hour-of-the-day for each day type. 

The TA estimation of pump demand for the pre-retrofit case for both pumps was reviewed and found to 

be reasonable. The estimated pre-retrofit case total pump demand was applied to the same hourly 

operation profiles used for the installed case. 

The installed case demand profiles were subtracted from the estimated pre-retrofit demand profiles to 

obtain a hourly savings profiles for each day type, which were then applied repetitively over the entire 

year to define an annual savings profile. 

Additional savings were found by calculating the reduced chiller compressor load associated with lower 

pump heat being transferred to the glycol, using the following formula: 

 

Where: 

Comp_kW_reduction =  kW reduction on chiller compressor 

pump = pump efficiency 

Pump_kW_reduction = reduced pump power draw due to VFD or shutdown 

Comp_kW_per_ton = chiller compressor efficiency (0.72 kW/ton) 

3.516 = conversion factor from kW to cooling tons (=12,000/3413) 

The average compressor performance assumed by the TA was verified with trended data.  A typical pump 

efficiency of 70% was assumed.  The above equation modifies the TA version by including the (1 – pump)  

term and removing an Assumed [Compressor] Motor Efficiency term.  The former term corrects for the 



MA Custom Process/Compressed Air Impact Evaluation                                                 NGRID Project 830257 

June 2013 5 

fact that only the fraction of energy lost to waste heat adds heat to the refrigerant.  The latter term was not 

necessary since the average compressor performance already includes the effect of losses to motor 

inefficiency. 

These savings were incorporated to the total savings by applying the formula above to the annual hourly 

profile of pump demand reduction.  The total evaluation savings is the sum of the two. 

Pre-retrofit Case Verification 

The pre-retrofit case glycol pump demand estimated by the TA was based on logged data and confirmed 

to be reasonable.  No change was made to the TA demand values for the evaluation savings.  The 
operation schedule was modified from the TA based on correspondence with the site contact and installed 

case logged data. 

Key Savings Calculation Inputs 

 Pre-retrofit and Installed case Glycol Pump kW and Chiller load 

 Manufacturers’ Performance Data  for Glycol Pumps and Compressors 

 Operating Schedules 

Evaluation Data Collection 

Evaluators collected the following data on the two raw milk glycol pumps to establish a kW demand 

profile: 

Table 2: Equipment Monitored 

Equipment/ 

Parameter 

Metered Glycol Pumps 6 & 7 

Measurement 

Variable(s) 
Amps  

Measurement 

Equipment 
Pocket Logger  

Type of 

Measurement 

Equipment 

Four-channel logger 

Installation of 
Monitoring 

Equipment 

Clamp-on CTs 

Frequency of 

Observations 
15 minutes, average 

Duration of 

Metering 
3 months 

Metered by SBW/Rise 
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RESULTS 

The evaluation calculated annual energy savings are 89% of the tracking estimate.  The reduction in 
savings is primarily due to the corrected accounting of pump heat reduction on chiller compressor load.  

Additionally, the tracking estimate assumed the proposed case would have no demand during non-

production hours.  The evaluation found there to be much lower demand during non-production hours but 
more than zero.  This decreased savings during non-production hours and is a secondary contributor to the 

overall reduction in annual energy savings.  The increase in Percent Energy On-peak savings is due to 

there being four more On-peak days in the evaluation analysis than in the tracking analysis.  The Summer 

and Winter Peak Diversified kW evaluation savings do not appear to vary much from the tracking 
estimate because the decrease in savings due to the corrected pump heat reduction is offset by an increase 

in savings from the pump demand during the peak hours.  The tracking analysis overestimated the 

proposed case pump demand which underestimated pump savings during the peak hours.  The results are 
presented in Table 3. 

 

Table 3:  Evaluation Savings Summary 

Savings Quantity 
Tracking  

Estimate 

Evaluated  

Savings 

Evaluated % of 

Tracking 

Annual Energy, kWh 82,966 74,019 89% 

Percent Energy On-peak 37% 44% 119% 

Summer On-Peak kW  7.8 7.4 94% 

Winter On-Peak kW  7.8 7.1 91% 
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Application NGRID 824160: Exhaust Fan VSDs 

Summary 

This application saves 105% of the energy originally estimated in the tracking analysis.  The 
primary reason for the increase in savings is a lower than expected fan airflow resulting in a 
lower input power demand.   

An asphalt manufacturer installed variable frequency drives (VFDs) on each of the two 150-hp 
motors driving the dust collector exhaust fan.  The VSD allows the fan speed to be modulated 
rather than using mechanical dampers to throttle the flow.  This measure saves electrical 

energy as a result of the decreased pressure drop across the dampers and improved fan 
efficiency.  The same operating hours are used in the base and proposed cases.  Figure 1 
provides a summary of the tracking and evaluation savings values. 

 

Figure 1:  Summary of tracking and evaluation savings results 

Project Description 

An asphalt manufacturer installed variable frequency drives (VFDs) on each of the two 150-hp 
motors driving the single exhaust fan serving the dust collector.  The fan first draws the air 

through a dryer located within the dust collector.  The air is then drawn through filters 
separating the remaining dust particles from the air.  The static pressure increases over time 
due to dust build up on the surface of the filters.  The result of the time dependent pressure 

increase is the need for the airflow to be dynamically controlled.  The differential pressure must 
be within a specified range depending on the product being made.  Currently the plant is 
controlling the single speed fan airflow with mechanical dampers. 

The VFDs allow the fan speed to modulate to automatically maintain a differential pressure of 
1.5 inches without the use of mechanical dampers.  The dampers are to be fixed in the open 
position to minimize the pressure differential during normal operation.  Energy savings will 
result from the decreased pressure drop across the dampers.  

Metering data from the month of October shows that 84% of operation occurs between the 
hours of 4:00AM and 4:00PM.  The evaluation observed some operation during every hour of 
the day throughout the month.  Operation outside of the standard 4:00AM to 4:00PM period is 

a result of increased asphalt demand for that day.  The plant typically operates from April to 
mid-December which results in 2,162 annual hours. 

Savings Quantity 
Tracking  

Value 

Evaluation  

Value 

Evaluation  

÷ Tracking 

Annual Energy (kWh) 314,252 330,376 105% 

% Energy On-Peak 65% 76% 116% 

Summer Peak Diversified kW 82.7 96.5 117% 

Winter Peak Diversified kW 0 4.5 - 
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Tracking Analysis 

This section describes the methodologies employed in the original energy study, discusses 

aspects of the methodology that had significant impacts on final energy savings estimates, and 
describes the tracking calculation methodologies. 

Tracking Calculation Methodology 

The TA study used a spreadsheet analysis to determine savings for this measure.  The fan 
motors were spot metered to determine the average input power for the existing case.  It does 
not appear that any long term metering was done to verify fan loading or operational hours.  

The typical fan speeds were provided by the plant operators in hourly intervals.  Annual 
operating hours were calculated by assuming constant operation from 3AM to 4PM Monday 
through Saturday for 36 weeks a year.  This results in 2,886 total annual operating hours.  

Fan curves were not available for this plant.  The TA study used the fan curve for a similar 
exhaust fan located in a different plant.  A ratio of maximum current during startup was 
calculated for the two plants and used to scale the fan curve to fit this project.   

The proposed case is handled in much the same way.  The fan loading from the base case is 
multiplied by the max CFM to calculate the actual operating CFM.  The TA vendor assumes a 
second order relationship between static pressure and CFM and calculates the static pressure 
based on 20” at 60,705 CFM.  Standard motor, fan, and drive efficiency curves are used and a 

demand is calculated for each operating hour.  The same annual operating hours are used for 
both cases.   

The savings were calculated using a bin spreadsheet model for every operating hour of the day.  

A fan speed for every hour is assumed which corresponds to a total bhp.  The bhp is then used 
to calculate the total demand which is multiplied by hours/year to get annual energy usage.  

Overall, the TA study appears to be a reasonable calculation of energy savings.  There were 

two of the same projects at this site, and the pre-existing case fan load for this exhaust fan was 
determined based on data collected for the other exhaust fan.  The methodology appears to be 
reasonable, but the actual motor power was not trended. 

A summary of tracking analysis exhaust fan savings is presented below in Figure 2. 

Savings Quantity Tracking Value

Annual Energy (kWh) 314,252

% Energy Savings On-Peak 65%

Summer Peak Diversified kW 82.7

Winter Peak Diversified kW 0  
Figure 2: Summary of Tracking Analysis 

The TA vendor assumed the asphalt plant would operate everyday between the hours of 3AM 
and 4PM.  To calculate the summer peak diversified kW savings, they summed the demand 

reduction for the three hours that coincide with the summer peak period and divided by four 
total hours in the summer peak period.  

Evaluation Methodology 

The evaluator has applied a slightly different methodology than the tracking analyst.  The two 
most significant changes are the addition of historic monthly production data and metered kW 
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data from the month of October.  Production data was provided in units of tons/day for the 
metering period and total tons/month dating back three years.  The evaluator followed the 

basic steps below. 

1. Use coincident daily production data and metering data to find a relationship between 
kWh and tons of asphalt produced as well as an average production rate (tons/hour). 

2. Develop a relationship between relative production volume and month using the 
metering period, October, 2012 as the base month.  

3. Verify pre-retrofit demand using the relationship of kW to airflow from the TA study 

along with metered data.  The TA’s value was within the error bounds of the evaluator’s 
calculation so the TA’s average pre-retrofit kW value was used.  

4. Calculate installed case energy using average kW from the metering period and the 

same annual hours as the pre-retrofit case. 

5. Calculate diversified summer and winter peak demand savings based on metering kW 
and monthly production correlation mentioned in step 2. 

Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 

 Exhaust Fan VSD Trends 

Parameter 
Input kW to both variable 

speed drives 

Meter Type Dent ElitePro kW meter 

Sensors 
Voltage clips and current 

transducers 

Installation Temporary 

Observation 
Frequency 

5-minute integration 

Metering 
Duration 

10/2/2012 to 10/31/2012 
 

Base or 
Installed 

Installed 

Metered by Evaluation 

Figure 3:  Summary of Evaluation Metering and Trend Data 
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Evaluation Savings Analysis 

Retrofit Exhaust Fan Demand 

A daily bin model was set up for the metering period of October 2 to October 31.   

The evaluation had to specify a cutoff kW to calculate total kWh and operating hours.  The 
cutoff kW is equal to the minimum expected power demand for the motor to operate.  

Whenever the motors and drives are operating the drives will use 3% of the full load kW.  
Therefore the exhaust fan is considered to be operating whenever the demand, integrated over 
five minutes, is greater than or equal to 6.71 kW.  Using this methodology the total fan kWh 

and operating hours were calculated for each day of the metering period.  The average 
operating kW was calculated to be 44.51 kW using the following equation. 

Average operating kW = Total metered kWh / Total metered operating hours 

The average hourly kW was calculated using metered trend data which is presented in Figure 4. 

 
Figure 4:  Average Exhaust Fan Demand versus Time of Day - Retrofit 

Average monthly production data from 2010 through 2012 was used to develop a production 
correlation factor for each month, using the equation below.  Monthly production is the average 

production for each month over the years of data that was provided to the evaluator.  Figure 5 
is a representation of the correlation factor for each month of the year. 

Production Correlation = Average monthly production tons / Average tons for October (metered month) 
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Figure 5: Production Correlation Factor 

Asphalt production varies from month to month depending on the weather and customer 
orders, so this correlation factor is necessary for an accurate peak diversified demand 
calculation.  The summer and winter diversified peak periods are defined as non-holiday 

weekdays between the hours shown in Figure 6.  The winter period includes the months of 
December and January and the summer period includes June, July, and August. 

Peak Period Calculations

On-Peak 6:00 AM 10:00 PM

Winter Peak 5:00 PM 7:00 PM

Summer Peak 1:00 PM 5:00 PM  

Figure 6: Peak Period Definitions 

The peak demand is calculated using the following equation. 

Peak diversified demand = (Total corresponding kWh / Total corresponding hours) × Correlation Factor 

This calculation includes the time during the peak period when the fan is not operating and the 
energy usage is zero.  Because the production varies during the summer months and is zero 
during January, the kW reduction values for the three summer and two winter months are 
averaged to find overall summer kW reduction and overall winter kW reduction.  
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Pre-retrofit Demand Calculations 

The tracking analyst created an hourly bin model for a typical production day.  For every hour 

they assumed a fan load and subsequently calculated a BHP and total kW (see Figure 7).  The 
tracking analyst assumed this load profile remained the same for every day of production but it 
is unclear how the profile was determined.  Due to the difference between the tracking and 

evaluation post-retrofit average kW values, the tracking pre-retrofit kW was verified using a 
combination of metered data and fan curve data from the tracking analysis. 

Pre-retrofit Case Total Fan

Hours kW

3:00 AM 4:00 AM 83.3

4:00 AM 5:00 AM 200

5:00 AM 6:00 AM 207.5

6:00 AM 7:00 AM 203

7:00 AM 8:00 AM 201.2

8:00 AM 9:00 AM 212

9:00 AM 10:00 AM 210.5

10:00 AM 11:00 AM 210.5

11:00 AM 12:00 PM 210.7

12:00 PM 1:00 PM 227

1:00 PM 2:00 PM 216.3

2:00 PM 3:00 PM 224.3

3:00 PM 4:00 PM 159.9

Average 197.4  

Figure 7: Re-retrofit demand calculation from TA study 

To verify the pre-retrofit power demand, a single variable, third order regression was used to 
develop a relationship between fan speed (%) and installed input kW.  This relationship was 
then used to develop a new airflow profile based on the installed input kW.  The pre-retrofit 

airflow profile from the tracking analysis is shown with the corrected evaluation profile in Figure 
8.  The evaluation demand profile appears artificially higher where the TA assumes the load is 
zero because this profile does not account for periods of no operation.  The graph simply shows 

the average kW when the plant is operating.  Figure 12 shows the relative time spent in each 
hourly bin.  Although the evaluation kW is higher when the TA assumes it is zero, it only 
operates ~1% of the time in that range.  The kW shown outside of normal operating hours has 

very little impact on the overall average kW. 
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Figure 8: Tracking and corrected evalauation airflow profiles – Pre Retrofit 

A first order regression was then used to develop a relationship between kW and % airflow of 
the pre-retrofit case.  This relationship allowed the evaluator to calculate the pre-retrofit input 

kW for every hour of the day based on the new load profile.   

This methodology results in an average pre-retrofit power demand similar to that metered in 
the tracking analysis.  The calculated kW is 99% of the tracking value which is within the 

standard error of the regressions.  Therefore the tracking value was used for pre-retrofit kW.  
The tracking profile and the corrected evaluation profile are shown in Figure 9.   

 

Figure 9: Tracking and corrected evaluation input kW profiles  – Pre Retrofit 
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Peak Period Savings 

The diversified peak summer and winter calculations were calculated based on the calculations 

described in the previous section.  The peak summer period includes non-holiday weekdays 
between the hours of 1pm and 5pm from June through August.  The winter peak period 
includes non-holiday weekdays between the hours of 5pm and 7pm from December through 

January. 

The installed case peak period kW values are the average kW values observed during the peak 
periods in the metering data.  The peak kW values were found to be less than the annual 

average kW value because the motors were shut off occasionally during the peak period.  Since 
the decrease is due to diversity in operating hours, the average demand during the peak period 
was divided by the average operating kW to get a diversity factor.  This diversity factor was 

multiplied by the average pre-retrofit kW to account for the same diversity in operating hours.  
The equation below shows this calculation. 

Pre-retrofit diversified kW = (Peak retrofit diversified kW / Average retrofit kW) × Pre-retrofit average kW 

The peak period is defined as non-holiday weekdays between the hours of 6am and 10pm.  The 

% on-peak savings was calculated using metered data from the month of October.  The total 
on-peak kWh value was divided by the total kWh value to arrive at 76% on-peak operation.  
This value is equal to the on-peak savings because the analysis assumes a constant pre-retrofit 

input kW.  Therefore, there are savings during all operational hours. 

Project Savings 

The project savings were analyzed using a monthly bin model.  Coincident production data and 

metered operating hours were used to calculate an average production rate using the following 
equation. 

Production Rate = Total Production over metered period (Tons) / Total Hours over metered period 

The average production rate observed during the metering period is assumed to apply to all 
months and is used to calculate the operating hours in each month using the following 
equation. 

Monthly Hours = Monthly Production (tons) / Production Rate (Tons/Hr) 

The total monthly pre and post energy usage is calculated by multiplying the respective average 
kW by the monthly hours.  The monthly savings is the difference between the two kWh values.  
Figure 10 shows the annual project savings. 

Savings Summary

Energy On Peak Winter Summer 

kWh % kW kW

330,376 76% 4.5 96.5  

Figure 10: Savings Summary 

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and 
evaluation analysis.  Reasons for discrepancies are presented as well as their qualitative impacts 

on final project energy savings realization.  The table below shows the major assumptions of 
both the evaluation and the TA. 
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Parameter Eval TA Eval/TA

Annual Run Hours 2,161 2,886 75%

Pre-retrofit kW 197.4 197.4 100%

Post -retrofit kW 44.5 88.6 50%  

Figure 11:  Comparison of Major Inputs 

Annual Operating Hours 

The annual exhaust fan run hours were found to be 75% of the tracking study hours.  The TA 
assumed that the asphalt plant would be operating 13 hours/day, 6 days/week, for 

37 weeks/year based on the plant operator’s description of historic operation.  The evaluation 
observed this asphalt manufacturer to shut down their plant on days of heavy rain.  The TA’s 
assumption does not appear to take this variation into account.  Production also depends on 

orders from customers.  If the customer is not there to receive the asphalt it does not get 
made.  Figure 12 illustrates the assumed operating schedule used in the tracking analysis and 
the actual distribution of operating hours during the metering period. 

The evaluation uses historic production data to calculate the operating hours assuming a 
constant average production rate.  Each month of historic production tonnage was averaged 
together to develop a typical yearly production profile.  The total annual tonnage was calculated 

by summing the average monthly values. 

 

Figure 12: Tracking and evaluation hourly distribution 

Pre-retrofit kW 

The re-retrofit kW from the tracking study is used in this analysis.  Thus, the realization ratio is 

100%. 



Impact Evaluation of 2011 Custom Refrigeration/Motor/Other Installations Site 33 
Application NGRID-824160  Page 10 

Post-retrofit kW 

The evaluation found that the annual average post–retrofit demand was 44.5 kW.  This is 50% 

of the value used in the tracking analysis.  This is likely a result of lower airflow rates than 
predicted by the TA as well as lower kW values that seemed to occur during extended operating 
hours.  Figure 13 shows the average hourly weekday profile for the tracking and evaluation 

study.  It is clear that the motors are operating at a lower load than the tracking analyst 
predicted.  The fans are also operating during times when the TA assumed they would be off.   

 

Figure 13: Evaluation and Tracking Hourly kW profile 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 314,205 kWh.  The evaluation 
estimates annual energy savings to be 330,376 kWh, resulting in an annual energy savings 
realization ratio of 105%.  As discussed in the previous section the increase in savings is due to 

a lower than expected retrofit input kW.  Table 14 shows the combined pre and post retrofit kW 
profiles from the tracking and evaluation studies.  These plots are of average operating kW and 
do not account for periods of no operation.  For plots of relative operation times see Figure 12. 
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Figure 14: Combined kW Profiles 

The percentage of savings occurring during energy peak periods estimated in the tracking 
analysis is 65% while the evaluation finds this value to be 76%.  This results in a realization 
ratio of 116%.  The primary reason for an increase in on-peak percent savings is due to more 

operating hours within the peak period, particularly from 4pm to 10pm. 

The summer demand peak reduction is estimated in the tracking analysis to be 82.7 kW.  The 
evaluation estimates the summer demand peak power reduction to be 95.1 kW, resulting in a 

realization ratio of 115%.   

The winter demand peak reduction is estimated in the tracking analysis to be 0 kW, and the 
evaluation found this value to be 4.4 kW.  This is likely because the winter peak hours are 5pm 

to 7pm and the TA assumed there would be no operation during this period.  
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SUMMARY 

This Energy Initiative project involved the implementation of several measures at a facility owned and 

operated by a manufacturer of dairy products.  This report addresses only one of the measures: the 

installation of a VFD on one of the 500 hp refrigeration compressors and the associated modification in 

controls.  The other measures, including thermosyphon cooling, were assumed to be in operation in both 

the pre-retrofit and installed cases. 

Direct energy savings result from improved compressor performance at part-load conditions. A small 

amount of indirect savings result from a reduction in condenser energy use. 

Evaluation results are summarized in Table 1.  The reduction in annual savings is due to a combination of 

reasons. Two of the big differences between the evaluation and the tracking analyses are that the 

evaluator did not include savings from a booster pump used to distribute refrigerant to the evaporators, 

and the evaluator used installed conditions for refrigeration load, temperatures and pressures values 

instead of TA assumed conditions. The booster pump savings were excluded because they were due to 

implementation of a measure that served as baseline to evaluation of this measure.  In addition, the 

evaluation bin model was based on hour-of-the-day average refrigeration load rather than drybulb outside 

air temperature. This approach was taken because the refrigeration loads are driven by production rather 

than weather. 

Table 1: Savings Summary 

Savings Quantity 
Tracking  

Estimate 

Evaluated  

Savings 

Evaluated % of 

Tracking 

Annual Energy, kWh 287,173 207,294 72% 

Percent Energy On-peak 39% 52% 133% 

Summer On-Peak kW  33.9 28.2 83% 

Winter On-Peak kW  19.1 33.2 174% 
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PROJECT DESCRIPTION 

The plant produces raw milk, pasteurized milk, and cream. Production hours are typically Monday 

through Saturday 4 AM to 12 AM. Non-production hours are 12 AM to 4 AM on Monday through 

Saturday and all Sundays and three holidays. 

The refrigeration system is comprised of a central compressor plant, multiple condensers, and a variety of 

distributed evaporators.  The compressor plant consists of eight Frick rotary screw ammonia compressors: 

three 200-hp RWB 40 compressors (#1-#3), one 500-hp RWB 106 compressor (#4), and four 500-hp 

RWB II 222 compressors with variable volume index (Vi) control (#5-#8).   

Multiple condensers comprise a total of approximately 2,380 tons of heat rejection capacity.  The older 

units with constant-speed fans operate at full-load, while a new 892-ton evaporative condenser with VFD 

fans handles trim loads. 

The overall cooling load is the sum of the loads associated with the production lines and thirty-six 

medium temperature refrigerated spaces. The medium-temperature spaces are served by direct-expansion 

evaporators, while the production lines are served by chilled 30% propylene glycol produced by two plate 

and frame heat exchangers.   

This report addresses the savings associated with the installation of a VFD on compressor #8 in the 

refrigeration plant.  In the pre-retrofit case compressors #1-#4 are shut down and compressors #5-#8 (the 

newer variable Vi machines) rotate base-load and trim duties. In the installed case compressors #1-#3 are 

shut down, compressor #4 is backup, compressors #5-#7 rotate base-load duties, and compressor #8 

serves exclusively as the trim machine. Energy savings result from improved compressor performance at 

part-load conditions and the corresponding reduction in condenser demand. 

Pre-Retrofit Case Equipment and Operation 

The four 500-hp variable Vi RWB II 222 compressors rotate duty as the trim and base-load machines.  

The 500-hp fixed Vi compressor #4 serves as backup.  Each operates at constant speed with a slide valve 

to control capacity. Typical operating suction pressure is approximately 32.5psig (19F), while discharge 

pressure is maintained at 114psig (70F) with thermosyphon cooling. 

Installed Case Equipment and Operation 

One of the 500-hp RWB II 222 compressors (#8) is fitted with a VFD and it serves exclusively in the role 

of trim compressor. Capacity of this machine is controlled by a VFD operating between 100% and 20% 

speed.  Below the minimum speed the slide valve takes control.  Base-load duties are rotated among two 

of the other three 500-hp variable Vi machines (#5-#7) with the 500-hp fixed Vi machine (#4) as backup.  

Capacity control of these machines is achieved by setting slide valve positions to closed or 100% open.  

Suction and discharge pressures are the same as in the pre-retrofit case. 
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TRACKING ANALYSIS 

Tracking Calculation Methodology 

Compressor Load Profiles 

The TA generated compressor load profiles using pre-retrofit hourly trend data of saturated suction 

pressure and slide valve position from March 2 to March 27 and June 3 to December 1, 2009 for each of 

the pre-retrofit case 500-hp compressors.  Weather data for Providence, RI from the NOAA was used to 

determine concurrent ambient dry-bulb temperature. During the seven-month trend data period, the 

ambient dry bulb temperature ranged from 9°F to 92°F. Due to the implementation of thermosyphon 

cooling, the operating condensing pressure setpoint is 114 psig.  

Frick CoolWare selection software was used to determine capacity and power of the compressors at 

varying suction and condensing pressures. Capacity regressions were then developed with suction and 

condensing pressures as the independent variables. Using the trend data for suction and condensing 

pressure, the load of each compressor at each hour was calculated. The load data was divided into two 

sections: production and non-production hours. This step was necessary, because the cooling load is 

different when the production lines are running compared to when the total load is primarily from 

refrigerated spaces. The load in tons was graphed versus ambient drybulb temperature to determine the 

relationship between ambient conditions and total compressor load. 

During production hours, the compressors’ load shows an increasing trend as ambient temperature 

increases. This is expected as the majority (~72%) of the plant load results from refrigerated spaces, as 

described in a previous study. The trend line below 55°F is as follows: 

                                                                                

Above 55°F, the load profile is approximated by the expression: 

                                                                                

The TA acknowledged that R
2
 values on the above trend lines of 0.3 and 0.02, respectively are very low, 

but concluded that since these trends were based on seven months of actual site data, they provide a more 

conservative estimate of total possible loads. The evaluation analysis found there is no basis for this 

conclusion. 

During non-production hours, the load profiles for the compressors were taken to be averages of 

calculated load over the trend period. 

Energy Savings Calculations 

Dry-bulb outside air temperature-dependent bin models were used for the savings calculations. Each five-

degree temperature bin has an average dry-bulb and wet-bulb ambient temperature and number of annual 

hours for Pawtucket, RI. 
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To take into account seasonal variations in load profile, the savings analysis was split into a winter mode 

and a summer mode. For each season the analysis was further split into a model for production hours and 

a model for non-production hours. Each temperature bin model ranges from 0°F to 100°F outside air dry 

bulb temperature with 5-degree increments. The average temperatures and annual hours for each bin were 

developed from the typical meteorological (TMY3) data for Pawtucket, RI.  It was assumed that the 

suction pressure of 32.5 psig is constant for all bins throughout the year, as shown in plant trend data. The 

condensing pressure in each bin typically has a 10°F approach over the average wet-bulb temperature 

down to 70°F.  

No data was collected by the TA for the installed case. For the installed case the load on each compressor 

was determined based on the average dry-bulb temperature in each temperature bin and the load profiles 

derived from the pre-retrofit case (see above). 

Similar to the way the load profiles were generated, performance data taken from Frick’s selection 

software was also used to generate regressions of unit performance (kW/ton) and potential capacity on 

suction pressure and condensing pressure and percent load. This was done for both the fixed speed pre-

retrofit case (variable slide valve) and the variable speed installed case (fixed slide valve). 

Potential capacity is necessary to determine the number of base-loaded compressors needed and how the 

trim compressor in the sequence will be loaded in each temperature bin. In each bin, there is a total 

cooling load and potential capacity for each base-load compressor. The number of fully loaded 

compressors was determined with the following expression: 

                                   

                                                             . 

The number of full-load compressors was rounded down to the nearest whole number. After finding the 

number of base-loaded compressors, the trim compressor load was determined below: 

                                                                                     

                          . 

The performances (kW/ton) of each compressor were determined using the developed performance 

regressions and independent inputs (e.g., suction pressure, condensing temperature). Each compressor’s 

power in each bin was found by the following, 

                                                                          . 

The compressor heat load was calculated with the following equation: 

                                                                                . 

The total heat rejection load is the sum of the compressor load and compressor heat load: 

                                                                                

            . 

In this analysis, there were two assumed types of evaporative condensers on site: six 480-ton constant-

speed condensers and one 892-ton variable-speed condenser. Several of the smaller condensers are always 

fully loaded, while the variable-speed condenser always handles the trim load. BAC selection software 

was used to develop the existing condensers capacity regressions based on the outside air wet bulb 
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temperature and condensing temperature. In each temperature bin, the potential heat rejection capacities 

of the condensers were calculated using the wet bulb temperature and saturated condensing temperature 

as the independent variables. The number of base-loaded 480-ton condensers was determined by rounding 

the following equation down to the nearest whole number, 

                                 

                                                                   

The variable-speed condenser load was determined by the following expression: 

                                      

                                                                    

                                   

                                                  

It was assumed that the variable-speed 892-ton condenser will not typically operate at greater than ~75% 

load, in order to take advantage of the part-load performance of the VFD fans. At higher loads, the VFD 

burden and the condensers’ large fan power will dominate and cause the performance to decrease. When 

the condenser fans are not running, the condenser can provide 10% of its potential capacity from spray 

pump water evaporation without fan airflow. The number of base-loaded condensers determines the 

loading of the installed case condenser, and that number should result in the installed case condenser 

operating between 10% and 75% load. However, if all the smaller condensers are fully loaded and still 

unable to reject all of the heat, the installed case condenser may operate at greater than 75% load. All of 

the condenser VFD fans operate at the same speed and modulate depending on the condenser load.  

The VFD condenser fan speed depends on the condenser load and the minimum 10% load when the 

condenser fans begin to operate. This is based on the assumption that the condenser can provide 10% of 

its potential heat rejection capacity when the fans are not running via evaporative cooling. Therefore, the 

fan speed was calculated as: 

                                                               . 

The correlation between fan speed and fan power was based on the affinity law, as shown below: 

                                                    . 

Total condenser fan power is the sum of the base-loaded condensers fan and the VFD condenser fan 

power. 

                                     

                                                          
  

  
 

                                                         , 

                                                                                    

                                                                             

                                                , 

The sum of the base-loaded and variable-speed condensers fan powers is the total fan power demand. 
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The demand reduction in each bin is the total installed case power demand less the existing case demand. 

                    

                                  

                                                                   

Energy savings in each temperature bin were found by multiplying the power demand reduction by the 

number of bin hours. The total energy savings of a measure is the sum of savings for all temperature bins.  

Peak Demand and On Peak Period Savings 

Using the TMY3 bin generator, the number of annual hours coincident with the Winter peak demand 

period of Monday – Friday, 5 PM to 7 PM in each five-degree temperature bin is found for each winter 

month (December and January). The peak period savings in each bin was calculated by the following 

expression, 

                                                                                      

The same method was applied to find average peak demand period savings during the Summer peak 

period (June, July, August, M – F, 1 PM – 5 PM). There are 84 annual hours in the Winter demand peak 

period and 260 hours in the Summer demand peak period. 

The energy peak period of Monday – Friday, 6 AM – 10 PM falls in the production hours at the facility. 

The TMY3 bin generator was used to develop the number of annual hours in each temperature bin during 

the on peak period. The on peak savings were determined with the following expression: 

                                                                      . 

The on peak percent saved was calculated as the percentage of total annual savings that falls during the 

energy peak period. There are about 4,016 on peak hours during the year. 

EVALUATION ANALYSIS  

Evaluation Methodology 

The evaluation found that the TA approach of using temperature bins was questionable because it relied 

on a very weak correlation between dry-bulb outside air temperature and compressor load.  For the 

evaluation the same bin-model approach was used but the bin parameter was changed from temperature to 

hour-of-the-day.  The evaluation analysis developed production and non-production hourly bins of 

installed conditions based on hourly averages of trended compressor load and outside air wet bulb 

temperatures.  The installed and pre-retrofit compressor demand was calculated for the installed 

conditions by applying the compressor capacity and performance coefficients established from 

multivariate regression analysis on data output from the Frick CoolWare software (same steps as TA). 

Results of kW calculations from the CoolWare regression model for both the installed and pre-retrofit 

cases were found to be significantly lower than the trended kW values. Calculating energy savings by 

comparing the regression model pre-retrofit results to the installed case trended values resulted in 

unrealistically low (negative) savings. For this reason, energy savings was determined by comparing data 
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from the regression models for the pre-retrofit and installed cases, based on the assumption that both 

cases would be similarly treated by the software and would, therefore, provide a better comparison. 

The hourly results from these calculations were assumed to recur for each hour of each day type 

throughout the year according to the occurrences of the respective day types. 

As with the compressor savings calculations, for the condenser savings calculations the evaluation 

analysis changed the bin model parameter from temperature to hour-of-the-day.  Otherwise, the 

evaluation analysis generally used the same approach as the TA.  The only exception in the calculations 

was a modification to the formula for calculating percent speed for the VFD condenser fan.  The revised 

formula, shown below, reflects that the minimum load which requires fan power, 10%, is met with a 

minimum fan speed of 25%, rather than the 10% speed assumed by the TA. 

                                           

Where 

                   

             

The TA also included savings from the booster pump; however, the evaluation found that the change in 

energy consumption of the booster pump was due to an earlier implementation of a head pressure control 

measure that served as the baseline of this measure.  There should have been no change in demand from 

the booster pump due to the installation of the VFD on compressor #8 because the need for the booster 

pump is dictated by condenser pressure and is independent of the type of capacity control on the 

compressor; therefore, the evaluation did not include savings for the booster pump. 

Key Savings Calculation Inputs 

 Saturated Condenser Temperature 

 Saturated Suction Temperature 

 Refrigeration load (tons – via CoolWare analysis of condenser and suction temperatures) 

 Manufacturers’ Performance Data 

 Operating Setpoints and Schedules 

Ambient temperature was included as a key input in the M&V Plan for this site as it was assumed the 

analysis would use the same bin model as the TA. Because the refrigeration loads for this project are 

driven by production rather than by weather, as evidenced by poor correlation between measured 

temperatures and coincident loads, an hour-of-the-day bin model was used to analyze savings. 
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Evaluation Data Collection 

Compressor power, slide valve positions, refrigerant pressures and outdoor dry-bulb and wet-bulb 

temperatures were obtained from the control system. Table 2 lists the trended data and the means of 

collection.  

Table 2: Equipment To Be Monitored 

Equipment/ 

Parameter 

Metered Compressors and Refrigerant Pumps 

Measurement 

Variable(s) 

Compressor kW and speed, Refrigerant Pressures, 
Outdoor Dry- & Wet-bulb Temperatures, and Slide 

Valve Positions 

Measurement 

Equipment 
Plant control system  

Type of 
Measurement 

Equipment 

Plant control system 

Installation of 
Monitoring 

Equipment 

N/A 

Frequency of 

Observations 
Hourly 

Duration of 

Metering 
3 weeks 

Metered by Plant control system 

 

RESULTS 

The evaluation calculated annual energy savings are 72% of the tracking estimate.  The reduction in 

annual savings is due to three factors.  Excluding savings from the booster pump resulted in a reduction of 
9.6% of the tracking savings estimate. The remaining reduction from the tracking savings is due to a 

combination of changes from the TA-assumed installed conditions to the measured installed conditions 

and a change from a dry-bulb outside air temperature-based bin model approach to a bin model based on 

average hour-of-the-day measured values. The relative contributions of these two factors is uncertain. The 
correction to the condenser calculations increased savingsby less than 2% of the compressor savings.  The 

changes in peak savings are due to shifting from temperature bin models in the TA to hour-of-the-day bin 

models in the evaluation.  The results are presented in Table 3. 
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Table 3:  Evaluation Savings Summary 

Savings Quantity 
Tracking  

Estimate 

Evaluated  

Savings 

Evaluated % of 

Tracking 

Annual Energy, kWh 287,173 207,294 72% 

Percent Energy On-peak 46% 52% 113% 

Summer On-Peak kW  33.9 28.2 83% 

Winter On-Peak kW  19.1 33.2 174% 
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Application ID: 643994 

Measure Category: Motor & VFD 

Project Type: Retrofit 

Summary 

 

This measure improves operation at two municipal water pumping stations. Four existing lift pumps and 

motors (2 at each station) are replaced with new lift pumps, premium efficient motors, and variable speed 

drives.  A second measure was proposed for this site. A new control system was proposed to reschedule 

the pumping outside of the peak demand periods. That control measure was never implemented. That 

measure had no additional energy savings and shifted the operating hours. All of the posted tracking 

savings come from the installation of the new motors and the variable speed drives. The second measure 

is not addressed in this report. 

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 316,506 kWh is 2% greater than the tracking estimates. Summer on-peak demand savings are 

15% more than the tracking estimates and winter on-peak demand savings are 5.0% less than anticipated. 

The change in hours resulted in a change in the GPM flow rate. Total water consumption has remained 

consistent in the community. The savings variance is due to the change in hours and flow. 

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 

Estimate 

Evaluation Estimate Evaluation / 

Tracking 

Annual Energy (kWh) 311,397 316,506 102% 

% Energy Savings On-Peak 49.0% 68.4% 140% 

Summer On-Peak Demand (kW) 65.7 73.61 115% 

Winter On-Peak Demand (kW) 64.9065.7 61.60 95% 

Project Description 

This measure installs four new 150-hp vertical turbine high-lift pumps at two municipal pumping stations; 

two pumps are installed at each station. The Town draws water from two wells and treats all flow at each 

well head. Only one well is required to operate at a time. Water is pumped at a rate of 1,080 GPM from 

the two gravel‐packed wells by submerged constant‐speed well pumps. The well pumps cycle to maintain 

wet well water level set-points between 3.8 ft. and 9.7 ft. Constant‐speed multi‐stage vertical turbine high 
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lift pumps are manually engaged each day to fill the standpipe. Water is typically pumped at a rate of 764 

GPM, and this flow rate ensures that the wet well level can be maintained by the automatically 

modulating well pump operation. The high lift pumps are currently throttled to deliver 66% of their 

selection flow (1,150 GPM). The current pumping system and town water demand require a pumping 

period of 11 hours per day. 

Variable speed drives are installed with each pump to control flow in response to suction wet-well water 

level.  This equipment replaces existing pumps and motors at the two municipal pumping stations.  The 

new pumps will operate more efficiently than existing pumps due to current throttled flow control and 

planned changes to the system static head 

Tracking Analysis 

Tracking Calculation Methodology 

New Pumps with VFDs 

The town consumed 189,168,300 gallons of fresh water in 2009.  186,964,400 gallons or 98.8% of this 

water was pumped from one of the pumping stations with the remainder coming from the second station. 

It is assumed that future years of water use are typical of 2009. Consumption from earlier years is not 

used since the town is undertaking an on‐going leak reduction program. 

Annual savings were calculated in an Excel Spreadsheet that uses water consumption for the town as 

monitored by the municipal water authority.  Manufacturer’s design specifications for the existing and 

proposed pumps are used to estimate performance and energy usage. The performance of the existing and 

proposed pumps is modeled using manufacturer’s published performance data. Head, brake horsepower, 

and efficiency curves are digitized and third‐order regressions are developed to relate head, BHP, and 

efficiency to flow rate (GPM). These regressions are then used to determine the shaft power requirement 

associated with the average annual pump flow rate (764 GPM). Input power is calculated in the existing 

case model using the following expression: 

                                        
  

  
                   

Existing motor efficiency is based upon the listed motor performance for the model of motor observed at 

the site as provided from MotorMaster+. Proposed case motor efficiency is based on the motor 

manufacturer’s published performance information. Within the pump model, motor efficiency is 

calculated at the average flow rate based upon motor loading as shown in Table 2. 
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Table 2: Annual Operating Hours and Capacity 

Total Town Water Usage 189,168,300 gallons 

Station 1 Water Production 186,964,400 gallons 

Station 2 Contribution 189,168,300 gallons ÷ 186,964,400 gallons 

Station 2 Correction Factor 101.2% 

Station 1 Annual Operating Hours 4,686 

Total System Annual Operation 4,686 hours x 101.2% = 4,741 

Most of the municipal water is provided through pumping station 1.  Station two is used to meet 

additional demand as necessary. This additional usage accounts for only 1.2% of total system 

requirements and operating hours.  The annual system operation is defined by the ratio of the total water 

consumed to the monitored capacity at pumping station 1 as shown in Table 3. 

Table 3: Average Water Flow Rate 

Station 1 Volume 191.17 MG - 6/1/09 through 5/31/10 

Station 1 Annual Operating Hours 4,686 hrs - 6/1/09 through 5/31/10 

Average Annual Pumping Requirement 
680 GPM = 191.17 million gallons x 1,000,000 ÷ 

(4,686 hrs x 60 min/hr) 

The average annual operating flow rate for the June 2009 through May 2010 period is calculated by 

dividing the annual gallons by the annual pump operating hours.  It is assumed that the average flow rate 

for both pump stations in the future will be 680 GPM.  The average flow rate was calculated using a year-

to-date consumption from 6/1/2009 through 5/31/2010 while the annual operating hours and capacity was 

based on total consumption in calendar year 2009.  The basis for the average flow is 2.25% greater than 

the 2009 calendar year consumption. 

Pump Power Demand 

The existing and proposed kW was calculated using Excel spreadsheet and manufacturer’s pump curve 

data. The data is presented in Table 4. 

Table 4: Input kW Variables for Existing and Proposed Pumps 

Description 

 

Flow 

GPM 

Head ft Pump 

EFF 

Shaft 

BHP 

Motor 

Load 

Motor 

EFF 

Input 

kW 

Existing Station 1 680  678  70% 165.2 83% 95.9% 128.6 

Existing Station 2 680  671  78% 147.2 74% 95.7% 114.8 

Avg. Existing Case 680  675  74% 156.2  78% 95.8% 121.7  

Proposed Station 1 680  328  83% 67.6 45% 94.9% 56.5 

Proposed Station 2 680  328  85% 66.3 44% 94.8% 55.5 

Avg. Proposed Case 680  328  84% 66.9  45% 94.8% 56.0  

Manufacturer’s data is used to calculate the input power requirements for the existing and proposed 

pumping cases.  Design data is charted for flow at 460, 690, 920, 1150, and 1,380 GPM along with head 

feet and pump efficiency at each of those capacities.  Regression analyses are performed to estimate brake 
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horsepower for the existing and proposed cases using these variables.  KW is then generated using the 

BHP and motor efficiency. Demand savings is presented in Table 5. 

Table 5: Demand Savings 

Average Demand Reduction 65.7 kW = 121.7 kW existing - 56.0 kW proposed 

Annual Energy Savings 311,397 kWh = 65.7 kW reduction x 4,741 annual hours 

Savings during Energy Peak 69% = 2,813 peak operating hours ÷ 4,686 total operating hours 

Summer Demand Peak Reduction 64.19 kW = 98% Summer Peak Coincidence Factor x 65.7 kW 

Winter Demand Peak Reduction 64.9 kW = 99% Winter Peak Coincidence Factor x 65.7 kW 

The average calculated power requirement for the two pumping stations is calculated for the existing and 

proposed cases.  Annual operation is calculated using the using the average annual operating hours for the 

two stations.  Savings are calculated by subtracting the proposed operating from existing operation. 

Discussion of Tracking Analysis 

The tracking energy savings is calculated using a combination of manufacturers’ performance data for the 

pumps and variable speed drives, annual historical water pumping requirements provided by the town, 

and monitored performance of the existing operating pumps. The monitored data included kW, volts, 

amps, and power factor.  These points were recorded every second over a 15-minute operating period at 

the main pumping station. The water requirements in GPM along with system pressures were used to 

calculate the existing and proposed pumping kW using the efficiency data provided by the manufacturers. 

This level of detail provides accurate estimates of both the baseline and proposed pumping operation. 

Baseline Validity 

Tracking savings are based upon the operation of the existing 200-HP multi-stage well pumps operating 

at constant speed with throttling controls. This configuration and operation represent the existing 

conditions found at the two pumping stations.  The baseline used in the calculations is valid. 

Evaluation Methodology 

A comprehensive site visit was conducted. The evaluation included a complete inventory of the installed 

pumps as well as the specifications for the pumps and variable speed drives. The tracking baseline data 

was discussed with site personnel.  Current pumping and water requirements were obtained and compared 

with the tracking data. Pumping control schedules were also reviewed.  

Two Elite power loggers were installed to monitor pump operation. One logger was installed at each of 

the pumping stations.  Only one pump operates in each station at any time. The second installed pump 

waits as backup.  The Elite loggers were installed to monitor the operation of any operating pump.  
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Monitored data from the Elite power logger was converted into average hourly kW values.  These values 

are unique for each hour of the day and each day of the week. A “typical” weekly operating schedule for 

the combined operation of pump stations 1 and 2 was created from the data.  That schedule is provided in 

Table 6  below. 

Table 6: Monitored Weekly Operating Schedule 

 

Average hourly kW values less than 2.0 kW correspond with times when no pumping is occurring. The 

kW value is the control/communications power monitored on each leg of each pump circuit. Pumping 

requirements are consistent form 1 pm to 7 pm daily.  The reduced power before and after this period is 

indicative of variable water usage that caused the pumps to modulate flow. 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The savings for each hour are summed to 

Hour Sun Mon Tue Wed Thu Fri Sat

1 1.27 1.26 1.25 1.26 1.27 1.27 1.28

2 1.24 1.23 1.23 1.23 1.24 1.25 1.25

3 1.23 1.20 1.23 1.22 1.23 1.26 1.22

4 1.21 1.18 1.20 1.21 1.21 1.26 1.22

5 1.21 1.20 1.21 1.22 1.23 1.26 1.20

6 1.22 1.26 1.27 1.28 1.28 1.29 1.22

7 1.23 1.32 1.33 1.34 1.35 1.37 1.25

8 1.28 1.36 1.36 2.49 1.35 2.69 1.30

9 1.35 1.37 8.28 13.94 10.72 13.13 1.36

10 7.05 15.49 41.48 41.65 46.74 35.86 15.52

11 47.89 55.81 54.82 58.10 58.62 59.28 49.22

12 59.82 59.79 61.24 66.19 61.21 60.47 52.62

13 59.88 59.70 61.10 67.64 61.18 60.43 59.97

14 59.89 59.70 60.39 63.98 61.17 60.52 59.84

15 59.85 59.52 61.14 61.12 61.17 60.54 59.62

16 59.80 59.85 61.06 61.09 61.14 60.49 59.75

17 59.62 59.74 61.06 61.02 61.22 60.51 59.56

18 59.69 59.45 59.42 60.22 55.79 60.10 59.70

19 57.36 42.72 42.37 38.15 28.54 50.59 59.66

20 34.12 24.20 18.67 18.54 3.72 27.60 52.41

21 8.09 11.52 7.88 3.49 1.43 7.67 26.99

22 3.84 1.49 5.17 1.41 1.41 7.68 8.44

23 1.36 1.36 1.36 1.37 1.38 7.60 1.37

24 1.30 1.29 1.31 1.32 1.31 4.57 1.32
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calculate annual savings.  Summer and winter peak demand savings are generated for the hours in those 

periods using the unique hourly values.   

Evaluation Data Collection 

Two Elite power loggers were installed on December 18, 2012. An extended memory Elite logger was 

installed inside the VFD control panel at pump station #1. The second extended memory logger was 

installed in the VFD panel at pump station #2. Both loggers recorded volts, amps, kW, and power factor 

every 5 minutes throughout the 66-day monitoring period.  

Evaluation Savings Analysis 

Annual savings were calculated using an 8,760-hour spreadsheet. The monitored pump data was 

reviewed.  The tracking documentation states that only one pump station is required to operate to meet the 

system demands. Site personnel stated that this control scenario is still in effect.  The monitored pump 

operation also confirmed this level of operation. The primary pump for the system is pump station #1.  

However, this station requires electrical and control upgrades resulting in the transfer of operation to 

pump station #2. 

The data shown in Table 6 above is the combined operation for both pumps. The monitored data showed 

only 1 hour of combined pump operation in the 1,591-hour monitoring period which corresponded with a 

maintenance procedure.  Monitoring occurred from December through February. Site personnel stated 

that pumping is extended for approximately three hours per day during the summer months.  Table 6 was 

modified to reflect the pumping operational changes by shifting the starting time from 8 am to 6 am and 

by stopping pump operation at 10 pm instead of 9 pm.  

The historical water usage shows that average summer usage is only 2.0% more than the remainder of the 

year. The extended pumping has not been fully implemented in the past, but is being considered for the 

coming summer. This is in response to low pressure problems on part of the system. The thought is to 

make sure the system is fully charged. Error! Reference source not found. shows the historical monthly 

usage with the seasonal average usage. 

This created the new summer weekly operating schedule shown in Table 7 below. 

 Table 7:  Summer Weekly Operating Schedule 
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The summer schedule is used in the calculations from May through September.  This schedule shows the 

earlier start and stop times for the pumping. Pumping loads are not increased. Just the duration is. The 

schedule in Table 6 is used for the remaining months. 

A percent of operation is then generated for each hour in the seasonal schedule tables.  This percentage is 

the average kW in each hour divided by the maximum kW for that hour. The corresponding percentage 

schedule is shown in Table 8. 

Table 8: Winter Percent Operation 

Hour Sun Mon Tue Wed Thu Fri Sat

1 1.27 1.26 1.25 1.26 1.27 1.27 1.28

2 1.24 1.23 1.23 1.23 1.24 1.25 1.25

3 1.23 1.20 1.23 1.22 1.23 1.26 1.22

4 1.21 1.18 1.20 1.21 1.21 1.26 1.22

5 1.21 1.20 1.21 1.22 1.23 1.26 1.20

6 1.28 1.36 1.36 2.49 1.35 2.69 1.30

7 1.35 1.37 8.28 13.94 10.72 13.13 1.36

8 7.05 15.49 41.48 41.65 46.74 35.86 15.52

9 47.89 55.81 54.82 58.10 58.62 59.28 49.22

10 59.82 59.79 61.24 66.19 61.21 60.47 52.62

11 59.88 59.70 61.10 67.64 61.18 60.43 59.97

12 59.89 59.70 60.39 63.98 61.17 60.52 59.84

13 59.86 59.73 60.91 65.94 61.19 60.47 57.47

14 59.75 59.70 61.09 61.08 61.18 60.52 59.64

15 59.85 59.52 61.14 61.12 61.17 60.54 59.62

16 59.80 59.85 61.06 61.09 61.14 60.49 59.75

17 59.62 59.74 61.06 61.02 61.22 60.51 59.56

18 59.75 59.70 61.09 61.08 61.18 60.52 59.64

19 59.69 59.45 59.42 60.22 55.79 60.10 59.70

20 57.36 42.72 42.37 38.15 28.54 50.59 59.66

21 34.12 24.20 18.67 18.54 3.72 27.60 52.41

22 8.09 11.52 7.88 3.49 1.43 7.67 26.99

23 3.84 1.49 5.17 1.41 1.41 7.68 8.44

24 1.36 1.36 1.36 1.37 1.38 7.60 1.37

Estimated Summer Site Average Hourly kW
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The baseline kW for the pumps was reviewed with facility personnel.  The baseline kW is derived from 

monitoring performed during the TA study, manufacturers’ pump curves, and from flow data from the 

site.  Facility personnel further confirmed the validity of this value.  The weighted kW for the 2 pumping 

stations is used in the 8,760-hour analysis.  The baseline kW is multiplied by the operational percentage 

to generate the hourly value. 

The monitored kW is subtracted from the baseline kW to calculate savings for each hour. Hourly savings 

were summed to generate annual savings.  Summer and winter demand savings were calculated for the 

specific hours in those periods using the monitored data.  The savings for day one are provided in Table 9 

below. 

Table 9: Calculation Spreadsheet 

Hour Sun Mon Tue Wed Thu Fri Sat

1 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

2 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

3 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

4 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

5 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

6 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

7 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%

8 0.00% 0.00% 0.00% 5.46% 0.00% 5.01% 0.00%

9 0.00% 0.00% 15.13% 23.46% 21.31% 20.89% 0.00%

10 12.38% 28.74% 69.25% 68.22% 76.36% 60.05% 29.71%

11 82.83% 93.67% 90.42% 95.10% 95.92% 98.37% 85.55%

12 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 90.06%

13 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

14 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

15 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

16 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

17 100.00% 100.00% 100.00% 100.00% 100.00% 100.00% 100.00%

18 100.00% 100.00% 97.56% 100.00% 91.86% 100.00% 100.00%

19 96.39% 73.81% 70.72% 63.40% 49.63% 86.44% 100.00%

20 60.29% 42.23% 31.74% 32.62% 6.64% 48.56% 90.07%

21 14.23% 20.57% 11.98% 6.88% 0.00% 13.32% 47.66%

22 7.11% 17.44% 7.88% 0.00% 0.00% 13.25% 15.15%

23 0.00% 0.00% 0.00% 0.00% 0.00% 13.22% 0.00%

24 0.00% 0.00% 0.00% 0.00% 0.00% 8.87% 0.00%
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Figure 1 below shows the combined weekly operating profile of the monitored pumps.  

Figure 1: Pump Operating Profile 

 

Max 67.6 67.6 119.1 119.1 59.7

Min 1.18 1.18 1.18 1.18 0

Totals Totals 256,368 256,368 505,879 505,879 249,511

Worcester MA TMY3 Temps

Date Month Day

Day of 

Wk

Site 

Holiday % Load Hour Site kW

Site Total 

kW

Tracking 

kW

Total 

Tracking kW

Total kWh 

Savings

1/1/2011 Jan Sat 7 0 0.0% 1 1.28 1.28 1.28 1.28 0.00

1/1/2011 Jan Sat 7 0 0.0% 2 1.25 1.25 1.25 1.25 0.00

1/1/2011 Jan Sat 7 0 0.0% 3 1.22 1.22 1.22 1.22 0.00

1/1/2011 Jan Sat 7 0 0.0% 4 1.22 1.22 1.22 1.22 0.00

1/1/2011 Jan Sat 7 0 0.0% 5 1.20 1.20 1.20 1.20 0.00

1/1/2011 Jan Sat 7 0 0.0% 6 1.22 1.22 1.22 1.22 0.00

1/1/2011 Jan Sat 7 0 0.0% 7 1.25 1.25 1.25 1.25 0.00

1/1/2011 Jan Sat 7 0 0.0% 8 1.30 1.30 1.30 1.30 0.00

1/1/2011 Jan Sat 7 0 0.0% 9 1.36 1.36 1.36 1.36 0.00

1/1/2011 Jan Sat 7 0 29.7% 10 15.52 15.52 35.40 35.40 19.88

1/1/2011 Jan Sat 7 0 85.6% 11 49.22 49.22 101.93 101.93 52.71

1/1/2011 Jan Sat 7 0 90.1% 12 52.62 52.62 107.29 107.29 54.67

1/1/2011 Jan Sat 7 0 100.0% 13 59.97 59.97 119.14 119.14 59.17

1/1/2011 Jan Sat 7 0 100.0% 14 59.84 59.84 119.14 119.14 59.30

1/1/2011 Jan Sat 7 0 100.0% 15 59.62 59.62 119.14 119.14 59.52

1/1/2011 Jan Sat 7 0 100.0% 16 59.75 59.75 119.14 119.14 59.39

1/1/2011 Jan Sat 7 0 100.0% 17 59.56 59.56 119.14 119.14 59.58

1/1/2011 Jan Sat 7 0 100.0% 18 59.70 59.70 119.14 119.14 59.44

1/1/2011 Jan Sat 7 0 100.0% 19 59.66 59.66 119.14 119.14 59.48

1/1/2011 Jan Sat 7 0 90.1% 20 52.41 52.41 107.31 107.31 54.90

1/1/2011 Jan Sat 7 0 47.7% 21 26.99 26.99 56.78 56.78 29.79

1/1/2011 Jan Sat 7 0 15.1% 22 8.44 8.44 18.05 18.05 9.61

1/1/2011 Jan Sat 7 0 0.0% 23 1.37 1.37 1.37 1.37 0.00

1/1/2011 Jan Sat 7 0 0.0% 24 1.32 1.32 1.32 1.32 0.00

EVALUATION TRACKING
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Figure 2 shows the monitoring profile of the pumps during the monitored period.  The spike at hour 870 

shows both pumps operating at the same time because of maintenance.   

Figure 2: Pump Monitoring Profile 
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Figure 3 and Figure 4 show the individual pump station operation over the monitoring period. When 

compared with the combined operation in Figure 2, the data shows that only one pump station is required 

to meet the system capacity. The stations operated simultaneously for only one hour over the 1,588 hour 

monitoring period. This simultaneous operation was due to performing routine maintenance, including a 

filter back wash, at station 2 when station 1 was on line. Station 2 operated for 13.1% of the monitoring 

period. This exceeds the 1.2% historical operation for station two. Electrical and safety upgrades were 

identified at station 1. Station 2 was brought online to permit the work to be done. The upgrade was 

extensive and involved electrical distribution wiring to the entire station. Station 2 is expected to revert 

back to the 1.2% operational contribution once the work is completed. 

Figure 3: Pump Station #1 Operation 

 

 

Figure 4: Pump Station #2 Operation 
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Verification of Equipment and Operating Parameters 

Table 10 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 10:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

Annual Run Hours 4,686 4,213 89.9% 

Existing Motor HP 200 200 100% 

Proposed Motor HP 150 125 83.3% 

Quantity of Existing Pumps 4 4 100.0% 

Quantity of Proposed Pumps 4 4 100.0% 

Avg. Flow Rate Existing (GPM) 680 756 111.2% 

Avg. Flow Rate Proposed (GPM) 680 756 111.2% 

Average Baseline kW 121.7 131.4 108.0% 

Average Installed kW 56.0 52.6 94.0% 

The nameplate specifications were taken from the installed motors. The nameplate data found that 125 HP 

pumps were installed. These are 3-phase and are rated at 94.5% efficiency and 86.4% power factor. They 

operate at 1,735 PRM and have a 1.15 service factor. The monitored power is from the 125-HP units and 

the baseline was recreated from the baseline performance based upon flow. 
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Only one pumping station is required to meet the demand of the community.  This operation was 

confirmed by the monitoring data.  The tracking savings are based upon 4,686 annual operating hours. 

The annual operation using the monitored data for the winter months and the expanded summer operation, 

as indicated by facility personnel, results in 10% less operation.  The TA report assumed three months of 

summer operation [June, July, and August].  The evaluation expanded summer month pumping to five 

months per direction from the facility engineer and includes May and September. 

The baseline savings used 121.7 kW for the pumps. This is the average kW for the two pumping stations. 

Pump station #1 is the primary driver for the system. There is no set rotation or schedule that identifies 

when pump station #2 is brought online. The TA report estimated that station #2 operates 1.2% of the 

station #1 operating hours. The monitoring data shows that pump station #1 had 68.4% of the pump 

operation and station #2 had 31.4% of the operation. . A new GPM rate was calculated based upon the 

monitoring hours identified for the site evaluation.  

756 GPM = 191,171,100 annual gallons/4,213 annual hours/60 minutes per hour 

Baseline pump performance tables provided data to estimate a weighted average performance. Station 1 

operates 98.8% of the time and station 2 1.2%. That performance is shown in Table 11. 

Table 11: Baseline Pump Performance 

 

A scatter plot was created from the flow and weighted kW data. This provided a regression analysis 

formula. Using the regression analysis, the equivalent baseline at that flow is 131.4 kW. 

The average installed kW from the TA report is 56.0 kW. This closely corresponds to the monitored 57.2 

kW for pump station #1.  Pump station #2 operated at an average of 64.2 kW.  The weighted average for 

both pump stations is 60.2 kW which is 7.4% greater than the tracking estimate. 

Pump station #2 will have continued longer operation than identified in the TA report. This is in part due 

to the necessary upgrade in the electrical systems and pump station #1. That station will be brought down 

periodically to implement the changes. 

Statio 1 Constant Speed Analysis Station 2  Constant Speed Analysis Average

Flow Head Power Pump Motor Flow Head Power Pump Motor Weighted

gpm ft bhp Eff Load M Eff kW gpm ft bhp Eff Load M Eff kW kW

460 706 151.1 54% 76% 95.7% 117.7 460 699 135.0 60% 67% 95.5% 105.5 117.6

598 689 159.5 65% 80% 95.8% 124.2 598 682 141.0 73% 71% 95.6% 110.1 124.1

680 678 165.2 70% 83% 95.9% 128.6 680 671 147.2 78% 74% 95.7% 114.8 128.4

736 670 169.3 73% 85% 95.9% 131.7 736 663 152.2 81% 76% 95.7% 118.6 131.6

818 657 175.6 77% 88% 96.0% 136.5 818 650 160.4 84% 80% 95.8% 124.9 136.4

956 630 186.4 82% 93% 96.1% 144.7 956 624 174.9 86% 87% 95.9% 136.0 144.6

1,150 582 201.2 84% 101% 96.2% 156.1 1,150 573 193.2 86% 97% 96.1% 149.9 156.0
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Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 311,397 kWh.  The evaluation estimates 

annual energy savings to be 316,506 kWh, resulting in an annual energy savings realization ratio of 

102%.  The savings variance is due to the reduction in anticipated operating hours and the installed pumps 

and drives are consuming over 6.0% less power than what was estimated in the TA study. 

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 49% 

while the evaluation finds this value to be 68.4%.  Most of the pumping operation occurs during on-peak 

hours and the pumps are off during late night hours. 

The summer demand peak reduction is estimated in the tracking analysis to be 64.19 kW.  The evaluation 

estimates the summer demand peak power reduction to be 73.61 kW, resulting in a realization ratio of 

115%. 

The winter demand peak reduction is estimated in the tracking analysis to be 64.90 kW, and the 

evaluation found this value to be 61.60 kW, resulting in a realization ratio of 95%.  The variations in the 

seasonal demand are due to the calculating the demand values for the specific hours using monitored data 

for those hours and not using and average kW reduction across all hours. 
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Application ID: National Grid 863414 

Measure Category: Motor 

Project Type: Retrofit 

Summary 

An industrial facility retrofitted an existing roll mill motor with a variable speed drive (VSD) as 
part of an energy conservation measure.  This custom measure saves electrical energy due to 
reduced motor speed and power.   

This application saves 99% of the energy originally estimated in the tracking analysis.  The 
primary reasons for the slight decrease in savings are a reduction in facility production hours 
combined with higher pre-retrofit power demand and lower post-retrofit power demand 
compared to the tracking analysis.  A comparison of the results of the tracking and evaluation 
studies is presented in Table 1 below. 

 
Table 1:  Summary of Tracking and Evaluation Savings Results 

Project Description 

An industrial facility operates a roll mill that compresses and flattens a variety of polymer 
products.  In the pre-retrofit case, the roll mill drive motor operated at full speed during all 
operational hours.  Based on the site’s process, the roll mill motor speed could be turned down 
without adversely affecting the process.  The production process is set up so that the roll mill 
flattens product and feeds it into another machine.  With a full speed motor, the site personnel 
could not feed the product down the production line at a steady rate, and they would often 
have to cut the product during production to prevent over-feeding the next machine.  The 
machine motor was shut down during all non-production hours.   

The site installed a VSD on the 75-hp roll mill motor.  The savings from this measure are based 
on the reduced motor power at reduced motor speed.  With the VSD, the roll mill operator is 
able to manually adjust the motor speed to match the product output rate to the required 
input rate of the following machine.  The site confirmed that the VSD retrofit on the roll mill 
motor has helped them improve product quality.  However, they did not observe any change in 
overall facility production from the roll mill after the retrofit.  This information is based on 
discussions between site personnel and the evaluator.  Site personnel did not have production 
data available for the evaluator to verify pre- and post-retrofit production.   

Savings Quantity 
Tracking  

Value 

Evaluation  

Value 

Evaluation ÷  
Tracking 

Annual Energy (kWh) 61,097 60,506 99% 

% Energy Savings On-Peak 0% 99% N/A 

Summer Seasonal Demand Reduction (kW) 19.6 13.6 69% 

Winter Seasonal Demand Reduction (kW) 19.6 -0.3 -1% 
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The facility operates six days per week, 24 hours per day, and the motor operates 10 hours per 
production day, based on the tracking analysis documentation.  The annual operational period 
for the motor is 3,120 hours, during which the tracking analysis assumed that the roll mill would 
operate continuously.   

Tracking Analysis 

This section describes the methodologies employed in the original energy study, discusses 
aspects of the methodology that had significant impacts on final energy savings estimates, and 
describes the tracking calculation methodologies.  

The tracking analyst metered the input power of the motor for a period of 48 hours (June 14 to 
June 16, 2011) with 15-minute intervals after the VSD had been installed.  The tracking analyst 
metered the power demand upstream from a step-up transformer used to provide the motor 
with 575 V AC up from the house voltage of 480 V AC.  The motor operated at full speed for the 
first 24 hours of the metering period to replicate pre-retrofit operation, and two different types 
of products were processed during this time.  The average pre-retrofit power demand during 
production of the first product was 45.4 kW, and the average power demand during the second 
material was 30.4 kW.  The VSD was used during the second 24-hour period to reflect post-
retrofit operation.  The average power demand during this period was 22.0 kW. 

The analysis did not use any data from the metering of the drive motor conducted by the TA.  
While the actual tracking analysis average power demand value assumed in the pre-retrofit 
case is within 10% of the TA metering data, it is unclear why actual metering of the motor was 
not incorporated into the tracking analysis.   

The tracking analysis was conducted in a spreadsheet model.  The tracking analyst assumed 
that the motor speed would be turned down to 50% speed in the proposed case.   

The average power demand in the existing case was calculated with the following expression: 

 Existing case power demand, kW = 75 hp × 0.746 kW/hp ×70% load factor = 39.2 kW 

The average power demand in the proposed case was calculated with the following expression: 

Proposed case power demand, kW = 50% motor speed × 75 hp × 0.746 kW/hp ×70% load factor = 19.6 kW 

The tracking analyst did not include motor efficiency in the calculation of motor power, and a 
drive burden for the VSD in the proposed case was not included in the analysis.   

The power demand savings was calculated to be: 

Power demand reduction, kW = Existing case, 39.2 kW – Proposed case 19.6 kW = 19.6 kW 

This demand reduction was assumed to be applicable to all annual operational hours, and the 
claimed seasonal demand reductions in winter and summer are also 19.6 kW.   

The tracking analysis calculated the percent of on-peak energy savings at 80%.  This value 
assumed that the site would operate the motor 10 hours per day during 249 on-peak weekdays 
per year and 63 off-peak days per year.  The tracking analyst assumed that of the 260 weekdays 
per year (five weekdays × 52 weeks), 11 weekdays are holidays, leaving only 249 weekdays that 
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fall under the on-peak period.  Since the site operates on all 52 Saturdays per year, adding the 
11 weekday holidays brings the total off-peak days to 63 days per year. 

Evaluation Methodology 

The evaluator used a spreadsheet analysis approach with 8,760 annual hours.  Long-term 
metering was conducted on the roll mill motor and VSD, because the site compounds a variety 
of materials with the roll mill.  The post-retrofit motor was metered for a period of five weeks 
to establish average power demand and active production hours.  Similar to the tracking 
analyst, the evaluator metered the power demand upstream from a step-up transformer used 
to provide the motor with 575 V AC from the house voltage of 480 V AC. 

The site was not able to operate the roll mill motor at full-speed during the evaluation 
monitoring period to establish pre-retrofit case average power demand.  This is because 
bypassing the VSD and running at full motor speed would adversely affect product quality.    

The general outline for the evaluation methodology is below. 

1. Use evaluation metered average motor power demand during weekday hours (motor 
did not run on weekends) to determine post-retrofit average power demand. 

2. Extrapolate annual active production hours from long-term power metering with input 
from site personnel. 

3. Determine maximum observed power demand from evaluation metering of the roll mill.  
This value will be the basis of the evaluator’s closest approximation for motor power 
demand during pre-retrofit operation of the roll mill motor at full speed. 

Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided in Table 2. 

Roll Mill Motor VSD

Equipment Monitored Drive Motor

Parameter Measured
Input Power (kW), 

Operating Hours

Model of Measurement Equipment DENT ElitePro

Type of Measurement Equipment

Power Meter, 

Voltage Clips, 

Current Transducers

Quantity of Measurement Equipment 1

Installation of Monitoring Equipment Clamp-on temporary

Frequency of Observations 5 minute

Duration of Metering Period 5 weeks

Energy Efficiency Measure Roll Mill Motor VSD

Metering Conducted By Evaluator, Electrician  
Table 2:  Summary of Evaluation Metering and Trend Data 
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Evaluation Analysis 

The evaluation analysis spreadsheet uses an 8,760-hour model with PA-provided holiday hours, 
seasonal on-peak, seasonal peak, and on-peak hours. 

Post-Retrofit Case 

The evaluator metered the roll mill motor for a period of five weeks from January 17, 2013 
through February 22, 2013.  The clamp-on power meter recorded power demand data on 
five-minute integration intervals.  It was observed that the roll mill operated typically between 
the hours of 7:00 AM and 3:00 PM on weekdays only (8 hours per weekday).   

The average power demand values for the roll mill motor during each typical weekday hour 
were calculated from the entire five-week metering data.  Non-production weekday hours were 
included in the calculations, because the evaluator observed that the roll mill motor was 
energized during some weeknights, albeit the kW value was small (about 1.2 kW).  To most 
accurately reflect post-retrofit operation at the site, these values were included.  The roll mill 
motor did not operate at all on weekends.  In Figure 1 below, the average power demand 
profile during weekdays is displayed.  

 

Figure 1:  Weekday Average Power Demand of Roll Mill Motor 

It appears that the site personnel did not operate the post-retrofit motor at full speed during all 
production hours of each weekday.  As seen in Figure 1 above, the average power demand dips 
a few times during the middle of the day which is in line with times when product types are 
changed and when site personnel take lunch breaks.  During the evaluation metering period, 
there were 216 weekday production hours observed.  However, only 183 active production 
hours were observed (85% of all possible production hours).  The number of active production 
hours was determined by calculating the amount of time in the evaluation metering data that 
the motor power demand exceeded a threshold of 1.25 kW.   

In the 8,760-hour model, the average power demand during each hour of the year for the post-
retrofit case was determined based on the typical weekday hour profile in Figure 1.  Only 
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weekday hours and holiday hours were used.  It appears that PA-defined holidays align with the 
site annual holiday schedule.  The total number of production weekdays is 254 days (about 50 
weeks).  There is no power demand during weekends. 

Pre-Retrofit Case 

In the evaluation metering data, the maximum observed motor power demand was 53.2 kW.  In 
lieu of using TA pre-retrofit case metering data, this value is assumed to be the full speed motor 
power demand.  For a 75-hp motor, this full speed kW value is reasonable with 94% motor 
efficiency and a load factor of 88%.  The motor is assumed to operate only during operating 
hours, as the site personnel typically shuts down all equipment at the end of each day.  

Since the site confirmed that pre- and post-retrofit roll mill production hours have been similar 
in the past year without any measurable effect on production volume, the evaluator assumed 
that the pre-retrofit motor would have operated similar hours to the post-retrofit motor.   

The pre-retrofit power demand value during the 2,032 production hours (8 hours/weekday × 
254 weekdays) is equal to the maximum observed demand (53.2 kW) multiplied by the diversity 
factor of 85% discussed in the previous paragraph.  This value is 45.1 kW.    

Energy Savings 

In each hour of the 8,760 model, the power demand reduction is equal to the pre-retrofit 
demand less the post-retrofit power demand.  The sum of all 8,760 power demand reduction 
values is equivalent to annual energy savings of 60,506 kWh.  Based on PA-provided seasonal 
peak periods, the average summer on-peak period demand reduction is 13.6 kW.  The summer 
period of 260 hours is defined by weekdays in June through September from 1:00 PM to 
5:00 PM, less holidays.  The average winter on-peak period demand reduction is -0.3 kW.  The 
winter period of 84 hours is defined by weekdays in December and January from 5:00 PM to 
7:00 PM, less holidays.  The percentage of on-peak energy savings is 101%.  The on-peak period 
is defined as all weekdays from 6:00 AM to 10:00 PM, less holidays.   

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and 
evaluation analysis.  Reasons for discrepancies are presented as well as their qualitative impacts 
on final project energy savings realization. 

Parameter
Tracking 

Value

Evaluation 

Value

Evaluation ÷ 

Tracking

Pre-Retrofit Average Input Power (kW) 39.2 45.1 115%

Post-Retrofit Average Input Power (kW) 19.6 15.3 78%

Annual Equipment Production Hours 3,120 2,032 65%

Annual Energy (kWh) 61,097 60,506 99%  
Table 3:  Summary of Sources of Savings Discrepancies 

The overall realization ratio for annual energy savings is 99%.  While the total savings are 
similar, there are a few discrepancies between the tracking analysis and the evaluation study.  
First of all, the average power demand of the motor during production hours in the evaluation 
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study is 45.1 kW.  The TA value is 39.2 kW, which was determined based on assuming a load 
factor on a full speed 75-hp motor, as discussed above in the Tracking Analysis section.  The TA 
did conduct pre-retrofit power metering, but those kW values were not used in the TA study 
energy calculations.  Coincidentally, the average pre-retrofit power demand in the TA’s 
metering data was about 45 kW as well.  The increase in evaluation pre-retrofit average power 
demand would increase energy savings overall.  The evaluator’s post-retrofit power metering 
observed the average power demand to be 15.3 kW.  This value is lower than the post-retrofit 
value assumed by the TA, and this would lead to an increase in evaluation energy savings 
compared to the tracking analysis. 

However, a large decrease in annual production hours in the evaluation study compared to the 
tracking analysis reduces the total possible annual energy savings.  The tracking analysis 
assumed that the roll mill motor would operate for 10 hours per day for six days per week for 
all 52 weeks of the year.  These assumptions did not account for site or PA holidays.  The TA 
value of 3,120 annual production hours reflected a higher level of production at the site in 2011 
compared to what was observed at the site in early 2013.  The evaluation production hours 
were observed to be only eight hours per day, five days per week for 52 weeks per year, less 
holidays.  The site confirmed that their customer orders and production level has decreased 
since the tracking analysis was performed.  Site personnel do not anticipate their business to 
increase or decrease in the foreseeable future. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 61,097 kWh.  The evaluation 
estimated annual energy savings to be 60,506 kWh, resulting in an annual energy savings 
realization ratio of 99%.  As discussed in the previous section, the small decrease in savings is 
due to a reduction in facility production hours compared to the TA study combined with higher 
pre-retrofit power demand and lower post-retrofit power demand in the evaluation study.  

The percentage of savings occurring during energy peak periods was estimated to be 80% in the 
tracking analysis. The evaluation found this value to be 101%, resulting in a realization ratio of 
126%.  The reason this evaluation value is greater than 100% is because there are power 
demand penalties during hours of the year outside of the energy peak period.  This is a result 
from observed post-retrofit motor power demand during weeknights outside of production 
hours.  In addition, there is an increase in the percentage of on-peak savings, because the 
evaluator found all of the savings occurred during on-peak hours.  In the tracking analysis, it 
was assumed the average power demand reduction would occur during all annual hours.  

The summer demand peak reduction is estimated in the tracking analysis to be 19.6 kW.  The 
evaluation estimated the summer demand peak reduction to be 13.6 kW, resulting in a 
realization ratio of 69%.  There is a reduction in demand reduction, because the site did not 
operate during some hours defined by the summer demand peak period (weekdays, 1:00 PM to 
5:00 PM).  Typically, the evaluator observed that the facility stopped operating the roll mill 
around 3:00 PM on weekdays.  In addition, the evaluation metering data showed that the roll 
mill motor was energized during non-production hours on weekday afternoons and nights.  This 
resulted in demand penalties during some of the seasonal peak periods as well. 
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The winter demand peak reduction is estimated in the tracking analysis to be 19.6 kW, and the 
evaluation found this value to be -0.3 kW, resulting in a realization ratio of -1%.  There is a 
reduction in demand reduction, because the site did not operate during any of the hours 
defined by the winter demand peak period (weekdays, 5:00 PM to 7:00 PM).  Typically, the 
evaluator observed that the facility stopped operating the roll mill around 3:00 PM on 
weekdays.  In addition, the evaluation metering data showed that the roll mill motor was 
energized during non-production hours on weekday afternoons and nights.  This resulted in 
demand penalties during some of the seasonal peak periods as well. 
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SUMMARY 

This Energy Initiative project involved the implementation of several measures at a facility owned and 

operated by a processor of dairy products.  This report addresses only one of the measures: the 

replacement of two constant speed 15-HP pumps with two new premium efficiency VFD-driven 15-HP 

pumps on the chilled glycol loop serving the cream production line. Only one pump runs at any time. 

Table 1 summarizes the evaluation findings and compares them to the tracking estimate.  Direct energy 

savings resulted from shutting down the pumps during non-production hours and varying the operating 

pump speed during production hours. Indirect savings resulted from a reduction in compressor loading 

associated with lower pump heat.  The evaluation found the cream line to have approximately 1,000 fewer 

production hours per year than assumed by the TA.  Additionally, the evaluation determined the hourly 

pump demand savings to be slightly better than the TA estimation.  The combined effect accounts for 

about 5% savings reduction.  Furthermore, the TA incorrectly calculated the portion of savings associated 

with reduced compressor loading from lower pump heat, assuming that 100% of the reduced pump energy 

was converted to heat rather than only the inefficient fraction.  This reduced savings by another 

approximately 10%, resulting in a total reduction from the TA savings estimate of about 15%. 

Table 1: Savings Summary 

Savings Quantity 
Tracking  

Estimate 

Evaluated  

Savings 

Evaluated % of 

Tracking 

Annual Energy, kWh 46,069 39,062 85% 

Percent Energy On-peak 40% 40% 99% 

Summer Peak On-peak kW 4.6 4.1 90% 

Winter Peak On-peak kW 4.6 4.3 93% 
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PROJECT DESCRIPTION 

The plant produces raw milk, pasteurized milk, and cream. Production hours are typically Monday 

through Saturday 4 AM to 12 AM. Non-production hours are 12 AM to 4 AM on Monday through 

Saturday and all Sundays and three holidays. 

The refrigeration system is comprised of a central compressor plant, multiple condensers, a variety of 

distributed evaporators and flat plate heat exchangers to chill glycol loops for processing raw milk and 

cream.  The compressor plant consists of eight Frick rotary screw ammonia compressors: three 200-hp 

RWB 40 compressors (#1-#3), one 500-hp RWB 106 compressor (#4), and four RWB II 222 compressors 

with variable volume index (Vi) control (#5-#8).  Currently, compressors #1-#4 are shut down and only 

compressors #5-#8 (the newer variable Vi machines) are being used.  

Multiple condensers comprise a total of approximately 2,380 tons of heat rejection capacity.  The older 

units with constant-speed fans operate at full-load, while a new 892-ton evaporative condenser with VFD 

fans handles trim loads. 

The overall cooling load is the sum of the loads associated with the production lines and thirty-six 

medium temperature refrigerated spaces. The medium-temperature spaces are served by direct-expansion 

evaporators, while the production lines are served by chilled 30% propylene glycol that is cooled in heat 

exchangers through two plate and frame heat exchangers.   

This report addresses the savings associated with the replacement of two constant-speed standard 

efficiency motors on 15-hp pumps serving the cream production line glycol loop, with VFD-controlled 

premium efficiency motors on two 15-hp pumps. This glycol loop is cooled by one of the flat plate heat 

exchangers on the central refrigeration system described above. Energy savings result from shutting down 

the pumps during non-production hours and decreased pump energy during production hours. Decreased 

pump energy also results in reduced pump heat transferred to the glycol solution, which results in 

decreased chiller loads.  

Pre-Retrofit Case Equipment and Operation 

One of a pair of 15-hp constant speed pumps circulated approximately 255 GPM of chilled glycol through 

the cream production line heat exchanger during production hours. During non-production hours, the 

same flow bypassed the heat exchanger via a three-way valve.  The load on the pump differed depending 

on the mode of operation. Total annual pump runtime was about 7,500 hours. 

Installed Case Equipment and Operation 

During production periods, one 15-hp variable speed pump circulates approximately 255 GPM of chilled 

glycol through the heat exchanger via 2-way valves for the cream production line. Pump speed is varied 

to maintain a set pressure differential. The second pump acts as backup. During non-production periods 

the 2-way valves close and neither pump runs.  Pump operating hours are 20 hr/day, 5 days/week, or 

about 5,100 hours per year.  
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TRACKING ANALYSIS  

Tracking Calculation Methodology 

For the pre-retrofit case, approximately five minutes of spot-metered readings of pump electrical demand 

were obtained during production hours. An apparent measurement error resulted in unrealistically low 

power readings and readings from an earlier study were compared to power readings obtained from pump 

curves to arrive at a more realistic pre-retrofit power draw, which was reasonably assumed constant. The 

glycol solution flowed through the cream line heat exchanger during all production hours, but bypassed 

the heat exchanger via 3-way valves during non-production hours, resulting in two modes of operation, 

each with its own constant power draw. The amperage of the pump motors was metered on 15-minute 

intervals for 30 days to establish load profiles, however these data were not used in the savings estimate. 

For the installed case, one pump carries the load and the other pump is backup. The operating pump 

operates under VFD control to maintain differential pressure. During non-production hours, two-way 

valves close, stopping flow and neither pump operates.   

No data were collected by the TA for the installed case. Instead the installed case pump curves provided 

by the vendor were applied to the TA’s in-house pump tool to correlate glycol flowrate and pump power 

demand under VFD control. 

The savings analysis is based on time-of-day bin models and assumed to be independent of weather. 

Hourly load profiles are created from metered data for a typical production day (Mon-Sat) and a typical 

non-production day (Sun) and plugged into respective production and non-production bin models. 

Energy savings in the installed case results from operating at lower demand during production hours and 

zero demand during non-production hours. There are also savings from reduced cream chiller compressor 

load due to reduced pump heat transferred to the glycol solution. This savings assumes a fixed value for 

compressor performance taken from a previous study and a fixed value for pump efficiency.  

Demand savings in each bin is calculated as the sum of the pump and compressor demand reductions. 

 



MA Custom Process/ Refrigeration,  Motor and Other Impact Evaluation                    NGRID Project 830236 

June 2013 4 

EVALUATION ANALYSIS  

Evaluation Calculation Methodology 

The evaluation used a similar approach as the TA study except that installed case data was obtained 

through monitoring rather than modeling. Average pump power (kW) was logged at 15-minute intervals 

on both cream line glycol pumps #8 and #9 for a period of five weeks, which included six weekends, 

Christmas and New Year’s holidays.  Power could not be checked with one-time measurements at the 

time of logger installation because the pumps were not running. 

Data indicate that pump #8 did not run during the logging period; therefore, the energy calculations are 

based solely on pump #9 power.  The logged average hourly kW data were used to develop a weekly 

profile of percent on-time.  It was observed that Monday, Tuesday, Thursday, Friday and Saturday have 

very similar hourly operating patterns, while Wednesdays, Sundays and holidays each had unique 

operations and are generally non-production days.  However, the logged data indicated that the plant 

would shift production to maintain 5 production days per the week, e.g., if there was a holiday on a 

Tuesday, then there would be production on a Wednesday.  For the installed case energy use, hourly 

profiles were defined for these four day types: normal workday (Monday, Tuesday, Thursday-Saturday), 

Wednesday, Sunday, and holiday.  The hourly demand profiles were developed by averaging the logged 

kW values by hour-of-the-day for each day type. 

The TA estimation of pump demand for the pre-retrofit case was reviewed and found to be reasonable. 

The estimated pre-retrofit case pump demand was applied to the same hourly operation profiles by day 

type used for the installed case. 

The installed case demand profiles were subtracted from the estimated pre-retrofit demand profiles to 

obtain hourly savings profiles, which were then applied repetitively over the entire year to define an 

annual savings profile.  In weeks with holidays, the closest Wednesday or Sunday was forced to a 

production day. 

Additional savings were found by calculating the reduced chiller compressor load associated with lower 

pump heat being transferred to the glycol, using the following formula: 

                  
(   

    
)                                   

     
 

Where: 

Comp_kW_reduction =  kW reduction on chiller compressor 

 pump = pump efficiency 

Pump_kW_reduction = reduced pump power draw due to VFD or shutdown 

Comp_kW_per_ton = chiller compressor efficiency (0.72 kW/ton) 

3.516 = conversion factor from kW to cooling tons (=12,000/3413) 
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The average compressor performance assumed by the TA was verified with trended data.  A typical pump 

efficiency of 70% was assumed.  The above equation modifies the TA version by including the (1 –  pump) 

term and removing an Assumed Motor Efficiency term.  The former term corrects for the fact that only 

the fraction of energy lost to waste heat adds heat to the refrigerant.  The latter term was not necessary 

since the average compressor performance already includes the effect of losses to motor inefficiency. 

These savings were incorporated to the total savings by applying the formula above to the annual hourly 

profile of pump demand reduction.  The total evaluation savings is the sum of the two. 

Pre-retrofit Case Verification 

Pre-retrofit conditions for this evaluation were determined from the pump power draw used in the TA 

analysis and the pump operating schedule was determined from logged amp data obtained for the 

evaluation. We reviewed the pump-curve-based pre-retrofit pump power value used by the TA and found 

it to be reasonable, but our logged data indicated a difference from the TA-assumed schedule, which 

assumed constant pump power profiles Monday through Saturday with Sundays and holidays being non-

production days. While five days of the week were found to show similar operations, Wednesdays, 

Sundays and holidays were each seen to display unique pump operating profiles (please refer to the 

Evaluation Calculation Methodology section). Adjustments were made in the schedule of operations for 

both the pre-retrofit and installed cases to reflect these findings. 

Key Savings Calculation Inputs 

 Glycol Pump kW  

 Manufacturers’ Performance Data 

 Operating Schedules 

Evaluation Protocol 

SBW conducted a single site visit during which metering was installed and the facility staff was 

interviewed about pre-retrofit and installed case system operation.  Evaluators observed the cream line 

refrigeration equipment and operations. A second site visit was performed by the electrical contractor 

who installed the metering equipment to decommission the metering gear.  

Evaluation Data Collection 

Data were collected to confirm the installation of the process changes made under the program and any 

additional changes made since the installation. Power was monitored at both cream glycol pumps using 

true RMS power loggers. Monitoring parameters are shown in Table 2. 
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Table 2: Equipment To Be Monitored 

Equipment/ 

Parameter 

Metered 

Cream Glycol Loop Pumps 

(Glycol Pumps 8& 9) 

Measurement 

Variable(s) 
kW 

Measurement 

Equipment 
Dent ELITEpro 

Type of 
Measurement 

Equipment 

True RMS power logger 

Installation of 

Monitoring 

Equipment 

Clamp-on CTs and voltage 

clamps 

Frequency of 

Observations 
15 minutes (average values) 

Duration of 

Metering 
5 weeks 

Metered by SBW - Rise 

 

 

RESULTS 

The evaluation found the cream line to have approximately 1,000 fewer production hours per year than 

assumed by the TA.  Specifically, the cream line only operates 5 days per week rather than the 6 assumed 

by the TA.  Additionally, the evaluation determined the hourly pump demand savings to be slightly better 

than the TA estimation.  This primarily comes from varying pump load throughout the production day 
with lower pump demand for about half of the production hours.  The combined effect accounts for about 

5% savings reduction.  Furthermore, the TA incorrectly calculated the portion of savings associated with 

reduced compressor loading from lower pump heat, assuming that 100% of the reduced pump energy was 
converted to heat rather than only the inefficient fraction.  This reduced savings by another approximately 

10%, resulting in a total reduction from the TA savings estimate of about 15%.  
 

Table 3: Evaluation Savings Summary 

Savings Quantity 
Tracking  

Estimate 

Evaluated  

Savings 

Evaluated % of 

Tracking 

Annual Energy, kWh 46,069 39,062 85% 

Percent Energy On-peak 40% 40% 99% 

Summer Peak On-peak kW  4.6 4.1 90% 

Winter Peak On-peak kW  4.6 4.3 93% 
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Application NGRID 606038: Injection Molding VSD 

Summary 

This application saves 17% of the energy originally estimated in the tracking analysis.  The 
primary reasons for the decrease in savings are a discrepancy in the tracking analysis 
pre-retrofit power demand, lower than expected operating hours, and lower than predicted 

power demand reduction.   

A molded plastics manufacturer installed a new 60 HP variable speed drive (VFD) to control the 
existing 50 HP constant speed motor and fixed displacement hydraulic pump.  The VFD allows 

the pump motor speed to modulate rather than using a bypass valve to control clamping 
pressure.  Energy savings result from reduced pump motor power.  Table 1 provides a summary 
of the tracking and evaluation savings values. 

Table 1:  Summary of tracking and evaluation savings results 

 

Project Description 

A molded plastics manufacturer has a 50-hp constant speed, fixed displacement hydraulic pump 
serving an injection molding machine.  Before the VFD was installed, the hydraulic pump motor 

operated at a constant speed regardless of the clamping force required.  In the pre-retrofit 
case, the hydraulic pressure was controlled using a bypass valve.  The valve would modulate to 
allow a portion of the hydraulic fluid to flow around the cylinder, which resulted in wasted pump 

flow and motor energy.  The motor must be sized to meet the maximum expected load.  This 
type of system operates inefficiently whenever it is operating below the maximum load. 

The installed case motor is controlled based on an injection molding profile in which the motor 

speed during each phase of a molding cycle is pre-programmed by the vendor.  The VFD 
modulates the pump motor speed to the value set by the vendor to provide adequate hydraulic 
pressure and flow for proper operation.   

Tracking Analysis 

This section describes the methodologies employed in the original energy study, discusses 
aspects of the methodology that had significant impacts on final energy savings estimates, and 

describes the tracking calculation methodologies. 

Tracking Calculation Methodology 

The TA vendor used a spreadsheet analysis to calculate the savings associated with the 

installation of a VFD and controls on the injection molding machine. 

Tracking Evaluation Evaluation ÷ 

Value Value Tracking 

Annual Energy (kWh) 43,418 7,222 17% 

% Energy Savings On-Peak 91% 80% 88% 

Summer Seasonal Demand Reduction (kW) 9.94 1.1 11% 

Winter Seasonal Demand Reduction (kW) 9.94 1.2 12% 

Savings Quantity 
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The pre-retrofit constant speed pump was spot-metered for 30 minutes.  The average power 
demand was found to be 32.7 kW with a cycle time of 31 seconds.  The TA vendor plotted 

demand (kW) versus time for a representative cycle which is shown in Figure 1.  The TA then 
assumes a varying kW % reduction which changes throughout the cycle.  The peaks in the 
demand curves are associated with periods of increased hydraulic pressure during the cycle.  

The representative pre-retrofit demand curve shown in Figure 1 has an average demand of 
26.8 kW.  It is unclear why the TA used 32.7 kW for the pre-retrofit kW when the proposed 
case is based off of a pre-retrofit demand profile that has an average value of 26.8 kW during 

active production time.   

 

Figure 1: TA Pre-Retrofit and Calculated Proposed Demand Profile 

Operating hours for the 450-ton Van Dorn machine were estimated by the site to be 
4,368 annual hours.  This was based on 18 production hours per day, five days per week, and 

50 weeks per year less holidays.  These operating hours were then multiplied by the average 
kW of the motor to calculate annual pre-retrofit energy use. 

 

Figure 2: Drive Speed/kW reduction % for a typical cycle 

The installed case is based on the injection molding motor speed profile that the TA 

programmed into the servo controller (see Figure 2).  The TA knew what % speed the motor 
would be operating at for every second of the cycle and assumed, based on previous 
experience and the characteristics of positive displacement pumps, that there is a linear 
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relationship between kW and motor speed.  Using this profile and the metered representative 
cycle, the TA calculated a representative installed case kW profile and subsequently an average 

installed kW value.  The average post-retrofit power demand was 84.9% of the pre-retrofit 
average power demand.  

This methodology seems reasonable because the TA, who was also the equipment vendor, was 

responsible for programming the servo controller and knew what speed the drive would be set 
to for each phase of the injection molding process.  Based on the evaluator’s conversations with 
the vendor, the programming of motor speed should be applicable to most parts made by the 

molding machine.  The hydraulic pump used in this application is a fixed volume, positive 
displacement type.  Positive displacement pumps are constant flow devices.  For a given motor 
speed they will produce a constant GPM, independent of discharge pressure.  This results in a 

linear relationship between motor kW and drive speed.  The TA’s assumption that the installed 
kW would be directly proportional to the preprogrammed drive speed appears to be reasonable 
because of the linear relationship associated with positive displacement pumps. 

In calculating the summer and winter peak kW reduction, the TA assumed constant operation 
of the motor for every non-holiday weekday from 1 pm to 5 pm during the summer months and 
from 5 pm to 7 pm during the winter months.  Therefore, the claimed demand savings during 
these periods is equivalent to the overall average demand reduction of 9.94 kW.  This 

calculation seems reasonable assuming the machine is operating for two shifts a day, five days 
a week.  The site informed us that this machine was used primarily for one of their larger 
customers when the variable speed drive was being installed.  The site no longer provides 

product for the same customer, which has resulted in reduced operating hours and production 
of different parts on this machine.  Given the nature of the site as a custom job shop, it is not 
possible to predict the types and frequency of different parts that will be produced in the future.   

Evaluation Methodology 

The evaluator has applied a slightly different calculation methodology than the tracking analyst.  
The most significant change involves using post-retrofit metered data from 1/29/2013 to 

2/8/2013.   

1. Using metered kW data, calculate the average operating kW during production period. 

2. Calculate average pre-retrofit kW using the average metered kW and the TA’s estimated 

% reduction value. 

3. Calculate the annual operating hours using average daily operating hours.  

4. Calculate annual energy reduction by subtracting the calculated pre and post retrofit 

average kW values and multiplying the result by estimated annual operating hours. 

5. Calculate summer and winter demand reduction by dividing the total kWh used during 
the corresponding time periods by total metered hours falling within those periods. 

Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 
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Table 2:  Summary of Evaluation Metering and Trend Data 

 Exhaust Fan VSD Trends 

Parameter Input kW 

Meter Type DENT ElitePro kW meter 

Sensors 
Voltage clips and current 

transducers 

Installation Temporary 

Observation 
Frequency 

5-minute integration 

Metering 
Duration 

1/29/2013 to 2/8/2013 
 

Base or 
Installed 

Installed 

Metered by Evaluation 

Evaluation Savings Analysis 

Installed Hydraulic Pump Demand 

It is necessary to determine how often the hydraulic pump runs and the power demand when it 
is operating.  The evaluation calculated the average operating demand to be 12.4 kW.  The 
evaluation set the operating cutoff demand to be 8 kW.  Whenever the average 5-minute 

demand is greater than or equal to 8 kW the machine is considered to be operating.  A cutoff 
value is used to avoid counting warm up periods when there is no savings and the kW is very 
low.  Total savings are not very sensitive to this cutoff value so 8 kW was chosen by looking at 

the metered kW graph and choosing a value that was slightly lower than full production kW.  To 
calculate average operating kW, the total energy use (kWh) during active production hours 
during the metering period was divided by total operating hours. 

Pre-Retrofit Demand Calculations 

The evaluation was not able run the variable speed drive in bypass mode during the metering 
period so the pre-retrofit kW was calculated using the average installed kW and the average 
drive speed calculated by the TA.  The TA’s spreadsheet analysis assumed the average installed 

power demand would be 84.9% of the pre-retrofit average kW.  This value based was 
calculated using the programmed drive speeds and a typical cycle.  The average demand of 
32.7 kW the TA used for the pre-retrofit energy calculation does not match the typical pre-

retrofit cycle as metered by the TA (average 26.8 kW).  It is unclear why the typical cycle was 
not used for both the pre-retrofit and installed case calculation.  The evaluation expects the 
installed drive speeds to be consistent with the TA’s calculations.  The evaluation recalculated 

the pre-retrofit value to be 14.6 kW using the following equation: 

Pre-Retrofit kW = 12.4 kW (evaluation metered average) ÷ 84.8% (TA calculated value) 

Operating Hours 

During the evaluation metering period, the machine operated at a power demand level above 
8 kW for an average of 16.1 hours per day, four days per week (Monday – Thursday).  The 
machine did not run on Fridays or weekends during the metering period.  The site was not able 

to provide estimated annual output from this machine, so it was determined that the best way 
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to calculate annual hours was to use average daily operating hours.  An analysis of PA-provided 
interval data for the site from March 2011 – March 2013 indicates that there are only four 

operational days during a typical week.  Based on the pattern of four days of production per 
week, the evaluation assumes that the schedule during the metering period represents typical 
operation for this machine.  Total annual operating hours are calculated assuming that the 

machine operates every Monday through Thursday on non-holidays.  The 2011 calendar year 
was used to calculate the total number of non-holiday weekdays, not including Fridays.  This 
resulted is 203 operational day per year.  Annual operating hours are calculated to be 

approximately 3,264 by multiplying 203 days by 16.1 hours per day.  

Peak Period Savings 

According to program rules, the summer peak demand period is weekdays from June through 

August, between the hours of 1PM and 5PM.  The winter peak demand period is weekdays from 
December through January, between the hours of 5PM and 7PM.  Metering data was used to 
calculate the total kWh during the peak summer and winter time periods.  This methodology 

assumes the operating schedule during the metering period is the same all year.  The two kWh 
values were then divided by total peak summer and winter hours during the metering period 
respectively.  These values represent the average post-retrofit kW values during the two peak 
periods.  These values were then multiplied by the average % reduction (100% - 84.9% = 

15.1%) to calculate the demand reduction.  This results in an average demand savings of 
1.1 kW during the summer seasonal peak period and 1.2 kW during the winter seasonal peak 
period. 

The % on peak savings is the ratio of savings occurring on non-holiday weekdays between the 
hours of 6am and 10pm and total savings.  The evaluation is assuming a constant kW 
reduction, and on-peak operating hours are directly proportional to kWh savings.  The % on 

peak is calculated by taking the total number of on-peak operating hours during the metering 
period and dividing by the total number of operating hours during the entire metering period.  
This results in 73% of the energy savings occurring during on-peak hours.   

Project Savings 

The project savings were analyzed using metered post-retrofit kW values, metered operating 
hours, and an average kW % reduction value form the TA study.  Annual operating hours and 

energy savings were calculated using the following equations. 

Annual Hours = 16.1 hours/day × (203 operating days / year) 

Annual Energy Savings = [(Post-retrofit kW ÷ Average drive speed %) – Post-retrofit kW] × Annual Hours 

The average demand savings was calculated to be approximately 2.2 kW.  Annual operating 
hours were calculated to be 3,264.  Multiplying the demand reduction by the annual hours 
results in a total annual energy savings of 7,222 kWh.  Figure 3 shows the annual energy 
savings as well as the summer and winter demand reduction.  The summer and winter demand 

reduction is less than 2.2 kW because the machine was only operating four of the five days per 
week included in the peak period.  The machine was also off for an entire week which further 
reduces this value.  The week of no production was factored in to the average daily operating 

hours to account for variability in production.  The site was not able to provide an estimate of 
annual output or number of mold changes.  Due to the nature of constraints in time for this 
evaluation study, additional metering of the motor during production of a variety of parts was 

not possible.  Since the site is no longer able to produce the same part that was monitored in 
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the tracking analysis, the evaluator has to assume that monitored part production is a 
reasonable representation of typical operation at the site.   

Savings kW Reduction

kWh Summer Winter

7,222 1.1 1.2  

Figure 3: Savings Summary 

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and 
evaluation analysis.  Reasons for discrepancies are presented as well as their qualitative impacts 

on final project energy savings realization.  Figure 4 below shows the major assumptions of 
both the evaluation and the TA. 

Tracking Evaluation Evaluation ÷

Value Value Tracking

Pre-Retrofit kW 32.7 14.6 45%

Post-Retrofit kW 22.7 12.4 55%

Annual Hours 4,368 3,264 75%

Parameter

 

Figure 4: Comparison of Major Inputs 

Pre-Retrofit kW 

The evaluation was not able to bypass the variable speed drive during the metering period so 
the % kW reduction calculated in the TA study was used to calculate the pre-retrofit kW.  This 

methodology results in an evaluation value which is 45% of the tracking value.  This variation is 
most likely due to a different product being made with a different mold.  The TA calculated the 
installed case kW based on a typical pre-retrofit cycle.  The evaluation found the average kW of 

the typical cycle included in the TA analysis spreadsheet to be 26.8 kW.  This is less than the 
32.7 kW the TA uses to calculate energy savings and demand reduction.  It is unclear why this 
was done.  The evaluation uses the ratio of 22.7 to 26.8 kW to calculate the % reduction used 

in the analysis. 

Post-Retrofit kW 

The evaluation found the average post-retrofit kW to be 55% of the tracking analysis value.  

This decrease in kW is likely a result of the different mold being used during the evaluation 
metering period.  The site informed the evaluator that they no longer use the mold that was in 
place during the tracking metering period. 

Annual Operating Hours 

The annual machine operating hours were found to be 75% of the tracking analysis hours.  The 
TA assumed the machine would operate 18 hour per day, 5 days a week for a total of 4,368 

annual hours. 

The evaluation observed the daily operating hours to fluctuate between 0 hours and 24 hours 
(see Figure 5) with an average of 16.1 hours per week day (not including Friday).  The total 

operating hours are calculated by assuming 16.1 hours per day Monday through Thursday using 
2011 as the calendar year to account for no operation on holidays.  This methodology results in 
3,264 annual operating hours. 
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Figure 5: Daily Operating Hours (Metering Period) 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 43,418 kWh.  The evaluation 
calculates the annual energy savings to be 7,222 kWh, resulting in an annual energy savings 
realization ratio of 17%.  As discussed in the previous section the decrease in savings is due to 

a discrepancy in the pre-retrofit power demand assumed in the tracking analysis, lower than 
expected operating hours, and reduced power demand reduction in the evaluation study. 

The % on-peak energy savings is estimated in the tracking analysis to be 91%.  The evaluation 

calculates this value to be 73% which results in a realization ratio of 80%.  The TA estimated 
that production would occur mostly during on-peak hours.  The evaluation found that the site 
uses this machine for three shifts on some production days. 

The summer demand peak reduction is estimated in the tracking analysis to be 9.94 kW.  The 
evaluation estimates the summer demand peak power reduction to be 1.1 kW, resulting in a 
realization ratio of 11%.   

The winter demand peak reduction is estimated in the tracking analysis to be 9.94 kW.  The 
evaluation found this value to be 1.2 kW, resulting in a realization ratio of 12%. 

The TA assumed the machine would be operating continuously during the peak periods, five 

days a week.  According to an email from the site, which was included in the tracking analysis, 
this assumption was correct at the time.  Since then, the site has stopped providing parts to the 
customer who made up the majority of the orders for this machine so it is now operating less 

frequently and at a reduced power demand. 
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Application ID: NG826274M 

Measure Category: Motor 

Project Type: New Construction 

Summary 

 

Two new domestic hot water pumps equipped with variable speed drives are installed in this 25,000 ft
2
 

health club. This site measure falls under new construction because it is a direct replacement of a 23 year 

old domestic water booster system. The existing system was considered at end of life.  

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 14,279 kWh is 18% less than the tracking estimates. Summer on-peak demand savings are 

86% less than the tracking estimates and winter on-peak demand savings are 68% less than anticipated. 

The savings variance is due to increased pump operation and the estimated hours the pumps would run at 

specific system loading percentages.   

 

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 

Estimate 

Evaluation 

Estimate 

Evaluation / 

Tracking 

Annual Energy (kWh) 17,347 14,279 82% 

% Energy Savings On-Peak 0.0% 48.1% N/A 

Summer On-Peak Demand (kW) 11.6 1.66 14% 

Winter On-Peak Demand (kW) 5.8 1.84 32% 

Project Description 

The two existing constant 5.0 HP domestic hot water pumps in this facility are 23 years old and in need of 

replacement. The baseline for this system consists of two new 5.0 horsepower pumps operating with 

pressure reducing valves.  This measure installs two new 3.0 horsepower [HP] pumps equipped with 

variable speed drives [VFD]. The baseline of 5 HP pumps is appropriate because the original system 

pumps were 5.0 HP and the facility had planned on a direct replacement of the pumps.  Program 

discretion suggested that 3.0 HP pumps would be adequate.    
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The installed pumps operate at variable flow, 70 psi discharge pressure at 80% efficiency. Variable speed 

drives will monitor system pressure, pump speed and power usage. Instead of running one pump at high 

speeds, horsepower between the two pumps is shared and both pumps will run at low speed to run as 

efficiency as possible. The pressure reducing valves are not needed in the installed VFD case. Pressure 

controls/sensors are added to the DHW system to modulate VFD speeds. Each pump is rated at 66 GPM 

and the maximum system requirement is 110 GPM. Two pumps are required for approximately 38% of 

the year. The elimination of the pressure valves reduces required system pressure by 22.0 psi.  

 The sports club operates Monday through Friday 5:00 am to 9:00 pm and Saturday to Sunday 7:00 am to 

7:00 pm. 

Tracking Analysis 

Tracking Calculation Methodology 

Energy savings and demand reduction estimates were calculated using an Excel spreadsheet analysis 

using a system load bin format. The DHW pumps operate continuously through the year [8,760 hours]. 

Required flow is estimated across the system load bins of 0%, 10%, 20%, 30%, 50%, 60%, 80% and 

100%. Annual operating hours are estimated for each bin. The spreadsheet uses pump curve data for the 5 

HP application with the pressure reducing valves to generate brake horsepower [BHP] and motor kW for 

each bin. This methodology was also applied to the new VFD pumps. The spreadsheet compares the 

pump curves for each and determines the energy savings between them. These energy savings are 

calculated by taking the difference between each system’s kWh for each load bin as follows: 

 

                                                               

Where: 

0.746 = Horsepower to kW conversion factor 

BHP = Motor brake horsepower from pump curves per bin 

PN = Number of pumps required 

Meff = Motor efficiency per bin 

Hours = annual operating hours per bin 

 

kWh Savings = Total System kWh BASE CASE – Total System kWh PROPOSED CASE 
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Demand savings were calculated using the kW savings from the 80% and 100 % bins [2.9 kW].  It was 

assumed that this would occur during the peak demand periods.  The 2.9 kW value was multiplied by 4 

hours to obtain summer demand savings [11.6 kW] and by 2 hours for the winter value [5.8 kW]. 

Discussion of Tracking Analysis 

The tracking energy savings is based upon estimates for daily pump run loads. The calculation 

spreadsheet uses this data to calculate savings based upon the percent system loading and assigns each 

percentage to a load bin. Pump kW is then calculated as a unique value for each load bin. The TA report 

estimated pump load percentage by day and hour. It isn’t exactly known how the percentage was 

estimated other than through pump observation and normal business operation.  Continuous operation 

[8,760 hours per year] is applied to the base case pumps. The 2.9 kW value is the maximum difference 

between the baseline and installed equipment. It is not clear why that value was multiplied by hours to 

calculate the demand savings.   

Baseline Validity 

The domestic hot water system operates 8,760 hours in the baseline. One pump is required for 62% of the 

time. Two pumps, each operating in the 80%-100% load range, operate 38% of the time. The monitoring 

did not show this. The reduction in savings comes from the pumps operating at mid-range loads rather 

than at the 80% - 100% bins. The 80% - 100% operating range accounts for 55% of the total projected 

savings. Monitored data shows that the pumps operated at the projected 80% range for less than 1% of the 

time. The domestic hot water usage, the peak water usage periods, and the corresponding pump operation, 

is overstated in the baseline assumptions. 

Evaluation Methodology 

A comprehensive site visit was conducted. The evaluation included a complete inventory of the number 

of installed pumps as well as the specifications for the pumps and speed drives. During the site visit, 

name plate information was also identified to determine efficiency.  

Two Elite power loggers were installed to monitor pump operation. One logger monitored the combined 

kW of the two pumps.  The second logger was installed inside the VFD panel and only monitored 

amperage, but provided individual pump operation and staging.  Instantaneous power readings were taken 

to verify our logging instruments were accurate. The monitored data provided the operating schedule for 

the pumps as well as the average hourly power consumption.  

Monitored data from the Elite power logger was converted into average hourly kW values for the installed 

case.  These values are unique for each hour of the day and each day of the week. A “typical” weekly 

operating schedule was created from the data.  That schedule is provided in Table 2  below. 
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Table 2:  Weekly Operating Schedule 

 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings. The baseline savings are based upon two 5-

HP pumps and TA estimates of what percent system loading the pumps will operate throughout the year. 

The baseline of 5 HP pumps is appropriate because the original system pumps were 5 HP and the facility 

had planned on a direct replacement of the pumps.  Program discretion suggested that 3 HP pumps would 

be adequate.    

   The savings for each hour are summed to calculate annual savings.  Summer and winter peak demand 

savings are generated for the hours in those periods using the unique hourly values.   

Evaluation Data Collection 

Two Elite power loggers were installed on February 21, 2013. The first elite was placed inside the 

electrical panel to monitor the average volts, amps, and kW of both pumps combined while the second 

Hour Sun Mon Tue Wed Thu Fri Sat

1 0.11 0.13 0.06 0.07 0.09 0.42 0.08

2 0.13 0.16 0.11 0.12 0.14 0.44 0.09

3 0.15 0.19 0.22 0.13 0.26 0.53 0.22

4 0.21 0.78 0.18 0.51 0.17 0.62 0.20

5 0.11 0.84 0.35 0.79 0.35 1.07 0.11

6 0.16 0.69 0.83 0.72 0.68 0.48 0.10

7 0.55 0.85 0.90 0.94 0.72 0.70 0.22

8 0.73 0.90 0.92 0.97 0.75 0.91 0.68

9 1.11 1.04 1.48 1.17 1.17 0.97 1.00

10 1.07 1.08 1.22 1.17 1.40 0.97 1.73

11 1.07 0.98 1.00 1.42 1.40 0.86 1.47

12 1.11 0.99 1.02 1.42 1.28 0.73 1.07

13 1.36 1.41 0.76 0.80 1.11 0.87 0.94

14 1.10 0.74 0.79 0.78 1.28 0.62 0.81

15 1.01 0.67 0.80 0.73 1.39 0.58 1.15

16 1.35 0.92 1.03 0.90 1.07 0.90 1.29

17 1.37 1.16 1.39 1.18 1.21 0.79 1.25

18 1.21 1.30 1.53 1.26 1.37 0.84 1.22

19 1.13 1.30 1.31 1.26 1.43 0.76 1.31

20 0.29 1.03 1.31 1.10 0.97 0.79 0.33

21 0.36 0.80 1.05 1.04 0.89 0.44 0.26

22 0.45 0.29 0.23 0.34 1.29 0.26 0.33

23 0.49 0.31 0.30 0.29 1.26 0.25 0.56

24 0.10 0.13 0.25 0.21 0.67 0.19 0.27

Site Average Hourly kW
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logger monitored inside the VFD control panel. The second logger monitored only average amperage to 

observe pumping start and stop time. Both loggers recorded the data in 15-minute intervals throughout the 

29-day monitoring period.  

According to the VFD control panel monitor which shows up to date pump information, both pumps up to 

the date of installation had both run a similar amount of hours. Pump number one operated 7,699 hours 

and pump number two operated 7,613 hours since they were installed. This proves combined pump 

operation rather than variable operation.  

Evaluation Savings Analysis 

Annual savings were calculated using an 8,760 hour spreadsheet. The power data obtained from the Elite 

power logger provides a kW value for each operating hour of the year.  Performance data was obtained 

for the pumps based on their percent system loading.  A regression analysis formula was created between 

the installed system power and percent system loading.  The regression analysis formula below then 

provides the baseline kW at every hour based upon pump operation to generate the system savings. 

                                            
 

Where: 

y = baseline kW 

x = Pump % operating at given hour 

Hourly savings were summed to generate annual savings.  Summer and winter demand savings were 

calculated for the hours in those periods.  The savings for day one are provided in  
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Table 3 below. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Calculation Spreadsheet 
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Figure 1 below shows the daily operating profiles of the monitored pumps.  

Figure 1: Pump Operating Profile 

Min 0.06 0.06 1.67 1.67

Max 1.73 1.73 4.13 4.13

Average 0.77 0.77 2.40 2.40

Totals Totals 6,717 6,717 20,996 20,996

Worcester MA TMY3 Temp

Date Month Day

D of 

Wk % Op

OWB 

Temp

ODB 

Temp Hour Site kW

Site Total 

kW Baseline kW

Total Baseline 

kW

1/1/2011 Jan Sat 7 3.0% 25 29 1 0.08 0.08 1.67 1.67

1/1/2011 Jan Sat 7 3.6% 25 28 2 0.09 0.09 1.68 1.68

1/1/2011 Jan Sat 7 8.7% 24 28 3 0.22 0.22 1.73 1.73

1/1/2011 Jan Sat 7 7.7% 24 27 4 0.20 0.20 1.72 1.72

1/1/2011 Jan Sat 7 4.1% 24 27 5 0.11 0.11 1.68 1.68

1/1/2011 Jan Sat 7 3.9% 24 26 6 0.10 0.10 1.68 1.68

1/1/2011 Jan Sat 7 8.7% 23 26 7 0.22 0.22 1.73 1.73

1/1/2011 Jan Sat 7 26.6% 24 27 8 0.68 0.68 2.15 2.15

1/1/2011 Jan Sat 7 39.2% 25 29 9 1.00 1.00 2.63 2.63

1/1/2011 Jan Sat 7 68.1% 26 30 10 1.73 1.73 4.13 4.13

1/1/2011 Jan Sat 7 57.8% 26 30 11 1.47 1.47 3.55 3.55

1/1/2011 Jan Sat 7 42.0% 26 31 12 1.07 1.07 2.75 2.75

1/1/2011 Jan Sat 7 36.9% 26 31 13 0.94 0.94 2.53 2.53

1/1/2011 Jan Sat 7 31.8% 25 30 14 0.81 0.81 2.33 2.33

1/1/2011 Jan Sat 7 45.4% 25 30 15 1.15 1.15 2.91 2.91

1/1/2011 Jan Sat 7 50.7% 24 29 16 1.29 1.29 3.17 3.17

1/1/2011 Jan Sat 7 49.2% 23 27 17 1.25 1.25 3.09 3.09

1/1/2011 Jan Sat 7 48.0% 21 26 18 1.22 1.22 3.04 3.04

1/1/2011 Jan Sat 7 51.6% 20 24 19 1.31 1.31 3.22 3.22

1/1/2011 Jan Sat 7 12.9% 18 22 20 0.33 0.33 1.80 1.80

1/1/2011 Jan Sat 7 10.0% 16 19 21 0.26 0.26 1.75 1.75

1/1/2011 Jan Sat 7 13.0% 14 17 22 0.33 0.33 1.80 1.80

1/1/2011 Jan Sat 7 21.8% 13 16 23 0.56 0.56 2.00 2.00

1/1/2011 Jan Sat 7 10.6% 12 15 24 0.27 0.27 1.76 1.76

TRACKINGEVALUATION



DNV KEMA Energy & Sustainability    

KEMA, Inc. June 2013 8 

 

Figure 2 shows the monitoring profile of the pumps during the monitored period.   

Figure 2: Pump Monitoring Profile 
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Table 4 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 4:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

Number of Pumps 2 2 100% 

Baseline Pump kW 3.74 2.40 64% 

Installed Average Pump kW 1.92 0.77 40% 

Annual Operating Hours 8,030 8,760 109% 

The installed pumps consumed 60% less energy than estimated in the tracking savings.  The tracking 

savings estimates 8,030 annual operating hours.  The operating data shows that the pumps never actually 

completely shut down. This increased the annual operating hours by 9.0%.  1.15 kW savings are lost 

annually from increased pump operation as well as the pumps running 56% of the time in the 20 – 60% 

load bin, rather than the 80-100% range as originally estimated. 

 The tracking analysis estimated that when one pump shut down the other pump would kick on and 

operate at near full load. What this evaluation proved was that rather than shutting one pump down 

completely, both pumps operate at a low system loading to maximize efficiency. The VFD control screen 

on site has both pumps running similar hours. Pump one has operated 7,699 hours since installation and 

pump number two operated 7,613 hours correspondingly.  

A 24-hour operating matrix was created to estimate the pump operation and to calculate savings. No 

differences are assumed according to day-of-week. The points at 2.5 kW and 3.0 kW coincide with two 

operating pumps. Figure 3 compares the anticipated operation of the pumps and drives to the monitored 

pump operation. 

Figure 3: Pump Operation with Variable Speed Drive 
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The monitoring data shows that there is an increase in usage during the morning and afternoon/early 

evening. The duration of the peak usage is not as long as predicted and the magnitude of operation is 

considerable less. Figure 4 compares the tracking and site evaluation savings. 

Figure 4: Hourly Savings 
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The tracking savings peaks coincide with the nine hours of daily two-pump operation. The tracking 

savings during this time are nearly twice the savings for the remaining hours. This corresponds to the 

80% to 100% calculation load bins. The monitoring shows that that level of usage rarely occurs and that 

magnitude of savings is not available.  The monitoring data shows that both pumps are in continuous 

operation. The monitored kW shows that less water is consumed and that the usage is more uniform 

across each day. Figure 5 and Figure 6 shows operation of each pump separately and the similarity of 

their operation. 

Figure 5: Pump 1 Average Amperage 

  

Figure 6: Pump 2 Average Amperage 
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Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 17,347 kWh.  The evaluation estimates 

annual energy savings to be 14,279 kWh, resulting in an annual energy savings realization ratio of 82%.  

The savings variance is due to the operating hours and the estimated hours the pumps would run at 

specific system loading percentages. It was determined that 56% of the pumps operation occurred in the 

20-60% load bins. Tracking analysis had estimated the pumps to operate the majority of the time in the 

80-100% load bins.  

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 0% 

while the evaluation finds this value to be 48%.  It is not clear how the tracking on-peak savings were 

calculated. 

The summer demand peak reduction is estimated in the tracking analysis to be 11.60 kW.  The evaluation 

estimates the summer demand peak power reduction to be 1.66 kW, resulting in a realization ratio of 

14%. 

The winter demand peak reduction is estimated in the tracking analysis to be 5.80 kW, and the evaluation 

found this value to be 1.84 kW, resulting in a realization ratio of 32%.  The tracking calculations multiply 

the maximum kW savings by 4 hours in the summer and 2 hours in the winter to generate the demand 

savings. These hour multipliers are the primary reason for the variance. 
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Application ID: CS8723 

Measure Category: Variable Speed Drive [Non-HVAC] 

Project Type: New Construction 

Summary 

This process measure installs a variable speed drive (VSD) on the main blower of the scrap/dust 

collection system in this manufacturing facility.  The addition of the VSD will modulate motor speed 

according to production.  

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 92,471 kWh is 34% greater than the tracking estimates. Longer annual operation of the system 

and lower average power consumption are the primary reasons for the increased savings. Summer on-

peak demand savings are 2% greater than the tracking estimates and winter on-peak demand savings are 

15% more than anticipated.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 

Estimate 

Evaluation 

Estimate 

Evaluation / 

Tracking 

Annual Energy (kWh) 68,882 92,471 134% 

% Energy Savings On-Peak 77.0% 70.1% 91% 

Summer On-Peak Demand (kW) 13.38 13.67 102% 

Winter On-Peak Demand (kW) 13.38 15.38 115% 

Project Description 

The classifier system in this packaging manufacturer is used to collect and recover corrugated scrap from 

the fabrication machines.  Three trim blowers transfer this scrap to a common material section.  These 

three blowers are each rated at 40-HP.  They are called the flexo blower, rotary blower, and shredder 

blower. 

The neutralizing blower draws air and scrap from an area called the material section.  Filters separate the 

scrap which is sorted and bagged.  The air drawn through this blower is cleaned of dust and discharged 

back into the plant.  A 20-HP dust blower works with the neutralizer blower.  The filters that sort the 

scrap are cleaned periodically with compressed air.  The dust blower captures and recycles this dust. 
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An expansion of the fabrication process included the addition of a new flexo machine.  A dedicated 25-

HP blower was added to collect scrap at this unit and transfer it to the common material section. 

Base Case Condition: 

The base case for the Classifier system upgrade includes the addition of the Miller/flexo fabrication unit 

with its 25-HP collection blower. The existing 75-HP Neutralizer blower motor is replaced with a new 

50-HP NEMA Premium Efficiency motor.  The dust collection motor operates continuously with the 

neutralizer.  The shredder blower is operated manually.  No other revisions to the neutralizer blower other 

than rebalancing and damper settings/operation would be included.  

Proposed Condition: 

The proposed condition adds a variable speed drive (VSD) to the new 50-HP neutralizer blower motor.  

Recirculation dampers will be locked in the closed position. The material section outlet dampers will be 

locked in the open position and the VSD will modulate to maintain the pressure set point in the material 

section plenum.  The VSD will permit elimination of unnecessary bypass air under full production 

conditions by operating the blower at a lower maximum speed. 

Tracking Analysis 

Tracking Calculation Methodology 

Energy savings and demand reduction estimates were engineering calculations using an Excel 

spreadsheet. The assumptions for the neutralizer blower are, existing conditions:  operating hours and 

base kW, post conditions:  operating hours, Hz, amps, voltage, and PF. 

Nameplate values are used to identify the base case operation of the neutralizer blower.  However, this is 

not a calculated value so the actual source is not clear.  This 37.0 kW baseline value is 93.7% of the 50-

HP motor operating at the NEMA 94.5% efficiency.  This 37.0 kW is used as the baseline (kWbase) for all 

calculations as the system operated as constant volume with the modulation of the recirculation and outlet 

dampers. 

Proposed operation is calculated using a 3-phase power equation. 

kWvsd = (1.732 x volts x amps x pf)/1000 

where: 

kWvsd = proposed operating kW  

1.732 = square root of 3 [three phase power] 
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volts = voltage of the installed blower [477 volts] 

amps = amperage of the installed blower 

pf = power factor of the installed blower 

1000 = conversion factor Watts to kW 

The amperage and power factor of the installed conditions varies according to which other blowers are 

operating with the neutralizer.  Table 2 lists these values. 

Table 2: Proposed Motor Variables 

 

The 477 volt value is from the motor nameplate and is fixed for all scenarios.  The proposed amperage 

and output PF are not calculated values.  These are estimates provided by the facility engineers.   

kWVSD is assumed to have a max operating frequency of 69Hz (39.3 kW) vs. kWBase 60Hz (37 kW). This 

total kW is the motor operating at full capacity plus the power used by the variable speed drive.  The 

result is a negative kW (-2.29 kW) compared with the motor operating at full load without the VSD. It is 

estimated that the motor/VSD will operate at full capacity for 1,700-hours per year and increase electrical 

usage by 3,899 kWh when compared with the same period in the baseline.  This is presented in the first 

row in Table 2 and occurs when the shredder, Miller/flexo, rotaries, and flexo are operating concurrently. 

Savings is obtained when the shredder is not operating.  The neutralizer operated continuously at full 

capacity at that time.  The variable speed drive allows the neutralizer motor to operate at the 15.9 kW load 

in this condition.  This occurs for 3,450 hours per year.  Annual kWh savings are calculated as the sum of 

the difference between the base and proposed case values for the two scenarios times the annual operating 

hours. 

kWh Savings = (kWBase – kWVSD) x annual operating hours 

On peak energy savings are calculated as the percentage of operation during the defined on-peak time 

frame to the total operating hours of the scrap collection system.  Seasonal winter and summer demand 

savings are calculated as a weighted average of the demand reduction between the base and proposed 

scenarios to the total operating hours of the system. 

Discussion of Tracking Analysis 

Shredder

Miller 

Flexo Rotaries Flexos Amps

HZ (90 hz 

motor 

nameplate) Voltage Output PF

Calculated 

kW

X X X X 58.0 69.0 477 0.82 39.29

O X X X 25.0 48.0 477 0.77 15.90

O X O X 20.0 35.5 477 0.77 12.72

O X O 0 15.0 22.0 477 0.77 9.54
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The baseline and proposed performance of the dust collection system components are derived from the 

nameplate information of the motors, the annual operating hours and load factors estimated by facility 

engineers, and used accepted formulas and engineering variables. All these factors were within acceptable 

ranges and follow standard practice for similar measures. No baseline or pre-installation monitoring was 

performed. The savings for the measure was limited to the installation and operation of the variable speed 

drive on the neutralizer blower. The variables for the pre/post operation of the neutralizer were 

comprehensive and provided sufficient detail to estimate electrical savings. The interaction of the 

neutralizer with other system components was discussed, but the lack of monitored values for each of the 

remaining fans and blowers prohibited the expansion of the savings to include these units.  

Baseline Validity 

The baseline includes the expansion and changes to the existing dust collection system. A new Miller 

Flexos fan was added to the existing system. No direct impact – energy savings or penalties – were linked 

with the new Mille Flexos unit. The existing neutralizer was a 75-HP unit. This was replaced with a new 

premium efficiency 50-HP motor. The variable speed drive savings are based upon the operation of the 

new efficient 50-HP motor. These conditions accurately portray the conditions in the plant prior to the 

installation of the measure. The baseline assumptions are valid. 

Evaluation Methodology 

The evaluation included the detailed review of the tracking documentation. This review helped in the 

creation of the measurement and verification plan. A site visit was conducted. The installed variable 

speed was identified and reviewed. The system components were also identified. The nameplate 

information for the six motors was obtained and compared to the tracking data. Six Elite power loggers 

were installed to monitor the operation of the scrap collection motors. The loggers monitored the 

operation of the neutralizer, flexos, rotary blower, shredder trim, miller flexos, and dust collector fan.  

The monitored data provided the operating schedules for the fans operation as well as the average hourly 

power consumption values. 

Monitored data from the Elite power logger was downloaded. Pivot tables were generated to convert the 

monitored power into average hourly kW values.  These values are unique for each hour of the day and 

each day of the week.  This monitored data shows power consumption for across all production shifts.  

The tracking savings are derived from the operation on the neutralizer blower with the variable speed 

drive. A “typical” weekly operating schedule was created from the data. This is a process measure that is 

not weather sensitive. This typical schedule applies to each week of the year.  The weekly operating 

schedule for the neutralizer blower is provided in the Table 3  below. 
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Table 3:  Neutralizer Blower Weekly Operating Profile 

 

This weekly data is used as a lookup table that provides a unique kW value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  Hourly baseline kW usage is calculated 

from the tracking assumptions and the discussion of production operation conducted with the site 

contacts. The baseline operation and calculations were discussed with facility personnel. The facility 

engineer confirmed that the tracking assumptions are appropriate. The monitored kW for each hour is 

subtracted from the verified baseline kW to generate savings.  The savings for each hour are summed to 

calculate annual savings.  Summer and winter peak demand savings are generated for the hours in those 

periods using the unique hourly values. 

Evaluation Data Collection 

Hour Sun Mon Tue Wed Thu Fri Sat

1 0.00 0.00 21.30 15.34 15.38 11.49 0.00

2 0.00 0.00 0.00 0.00 0.00 0.00 0.00

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00

4 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 0.00 0.00 0.00 0.00 0.00 0.00 0.00

6 0.00 9.35 8.84 6.86 10.32 8.60 8.73

7 0.00 13.74 11.02 10.95 13.41 12.28 20.64

8 0.00 30.81 30.92 26.14 27.90 28.13 20.91

9 0.00 18.58 17.60 19.98 20.97 19.77 24.95

10 0.00 14.68 14.56 13.16 14.40 15.95 25.77

11 0.00 13.09 15.65 17.47 15.96 24.33 29.56

12 0.00 15.72 16.12 15.71 15.05 20.24 23.75

13 0.00 21.60 21.68 23.64 29.24 25.75 20.30

14 0.00 21.74 23.31 21.87 25.20 25.67 23.13

15 0.00 24.47 25.90 28.57 27.76 28.86 13.61

16 0.00 23.56 19.68 20.87 21.01 20.55 0.00

17 0.00 22.46 20.66 21.32 22.35 20.72 0.00

18 0.00 20.93 21.31 21.06 23.52 21.95 0.00

19 0.00 21.86 21.48 21.05 22.32 20.49 0.00

20 0.00 22.56 22.70 20.36 23.42 20.91 0.00

21 0.00 21.96 21.31 22.63 23.98 21.06 0.00

22 0.00 20.97 22.58 22.88 21.27 21.12 0.00

23 0.00 19.29 20.93 21.76 20.63 20.82 0.00

24 0.00 21.24 16.94 17.06 14.72 0.00 0.00

Site Average Hourly kW
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The make, model, and specifications of the dust collection fans were confirmed during the site visit.  The 

installation of the variable speed drives was also confirmed.  Baseline conditions, scrap collection 

operation, and production levels were discussed with the facility engineer.   

Six Elite power loggers were installed to monitor the operation of the scrap collection fans.  The measure 

savings are obtained from the operation of the neutralizer blower. An Elite logger was installed in the 

electrical service panel that controls the blowers. The power logger was installed on December 18, 2012 

and monitored fan operation for 66 days. This included the Christmas and New Year’s holidays.  Volts, 

amps, kW and power factor were averaged and recorded every five minutes throughout the monitoring 

period. The five minute monitoring duration was chosen to capture short term operational diversity that 

would be lost in longer averaging periods. 

The five additional Elite loggers were installed to obtain the operating schedules and power consumption 

of the additional scrap collection blowers. These units were not included in the measure and do not 

contribute to the tracking savings. The additional Elite loggers were installed to view the operational 

relationship of the flexos, rotary blower, miller flexos, shredder trim blower, and dust collection fan to the 

operation of the neutralizer blower.  Three of the loggers were somehow damaged during the monitoring 

period. All six loggers were installed at the same time in the electrical control cabinet.  The loggers were 

launched in advance an installed during the evening break period when power could be shut off to the 

panel. All loggers were installed at the fuse blocks for each motor load. The loggers for the flexos and 

dust collectors could not be awakened. The data for the shredder logger was inconsistent and not usable 

for identifying power consumption. The data did provide an estimate of the operating schedule. 

Evaluation Savings Analysis 

Annual savings are calculated using an 8,760 hour spreadsheet. The power data obtained from the Elite 

power logger provides a kW value for each operating hour of the year.  The hourly kW value is subtracted 

from the verified baseline kW.  This generates savings for each hour.  Hourly savings are summed to 

create the annual savings.  Summer and winter demand savings are calculated for the hours in those 

periods.  The savings for the first full workday are provided in Table 4 below. 

Table 4: Calculation Spreadsheet 
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The logger data provides the on/off schedule for the neutralizer blower as well as the average power 

consumption. Figure 1 below shows the operating profile of the neutralizer blower over the monitoring 

period. The graph shows the variable speed drive is operational and the load on the blower modulates 

over time. The maximum monitored power consumption was 43.9 kW. This is maximum 5-minute 

increment value and not the hourly value. The average power consumption for the blower was 20.7 kW. 

The periods with no usage correspond with the Christmas and New Year’s holidays and with weekends. 

 

 

 

Figure 1: Neutralizer Operation throughout the Monitoring Period 

Max 30.9 14.6 15.9 25.7 84.8 37.0 14.6 15.9 25.7 92.7 30.1

Min 0 0 0 0 0 0 0 0 0 0 0

Totals 10 Totals 109,919 54,709 85,806 97,572 348,006 202,390 54,709 85,806 97,572 440,476 92,471

Worcester MA TMY3 Temps

Date Month Day

Day 

of 

Wk

Site 

Holiday Hour

Neutralizer 

kW

Miller 

Flexos 

kW

Rotaries 

kW

Shredder 

kW

Site 

Total 

kW

Neutralizer 

kW

Miller 

Flexos 

kW

Rotaries 

kW

Shredder 

kW

Total 

Tracking 

kW

Total 

kWh 

Savings

1/3/2011 Jan Mon 2 0 1 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1/3/2011 Jan Mon 2 0 2 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1/3/2011 Jan Mon 2 0 3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1/3/2011 Jan Mon 2 0 4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

1/3/2011 Jan Mon 2 0 5 0.00 0.00 14.03 0.00 14.03 0.00 0.00 14.03 0.00 14.03 0.00

1/3/2011 Jan Mon 2 0 6 9.35 0.00 14.97 0.00 24.32 37.00 0.00 14.97 0.00 51.97 27.65

1/3/2011 Jan Mon 2 0 7 13.74 0.00 15.72 0.00 29.46 37.00 0.00 15.72 0.00 52.72 23.26

1/3/2011 Jan Mon 2 0 8 30.81 0.00 15.70 25.67 72.18 37.00 0.00 15.70 25.67 78.37 6.19

1/3/2011 Jan Mon 2 0 9 18.58 0.00 15.54 25.67 59.79 37.00 0.00 15.54 25.67 78.21 18.42

1/3/2011 Jan Mon 2 0 10 14.68 0.00 15.37 25.67 55.73 37.00 0.00 15.37 25.67 78.04 22.32

1/3/2011 Jan Mon 2 0 11 13.09 0.00 15.56 25.67 54.33 37.00 0.00 15.56 25.67 78.23 23.91

1/3/2011 Jan Mon 2 0 12 15.72 0.00 15.49 25.67 56.88 37.00 0.00 15.49 25.67 78.16 21.28

1/3/2011 Jan Mon 2 0 13 21.60 12.25 15.49 25.67 75.01 37.00 12.25 15.49 25.67 90.41 15.40

1/3/2011 Jan Mon 2 0 14 21.74 14.33 15.46 25.67 77.20 37.00 14.33 15.46 25.67 92.46 15.26

1/3/2011 Jan Mon 2 0 15 24.47 14.17 15.59 25.67 79.90 37.00 14.17 15.59 25.67 92.43 12.53

1/3/2011 Jan Mon 2 0 16 23.56 14.22 15.60 25.67 79.05 37.00 14.22 15.60 25.67 92.50 13.44

1/3/2011 Jan Mon 2 0 17 22.46 14.24 15.70 25.67 78.06 37.00 14.24 15.70 25.67 92.61 14.54

1/3/2011 Jan Mon 2 0 18 20.93 14.30 15.70 25.67 76.60 37.00 14.30 15.70 25.67 92.67 16.07

1/3/2011 Jan Mon 2 0 19 21.86 14.30 15.59 0.00 51.75 37.00 14.30 15.59 0.00 66.89 15.14

1/3/2011 Jan Mon 2 0 20 22.56 14.16 15.68 0.00 52.39 37.00 14.16 15.68 0.00 66.84 14.44

1/3/2011 Jan Mon 2 0 21 21.96 14.30 15.63 0.00 51.90 37.00 14.30 15.63 0.00 66.93 15.04

1/3/2011 Jan Mon 2 0 22 20.97 14.32 15.02 25.67 75.98 37.00 14.32 15.02 25.67 92.01 16.03

1/3/2011 Jan Mon 2 0 23 19.29 13.84 14.90 0.00 48.03 37.00 13.84 14.90 0.00 65.74 17.71

1/3/2011 Jan Mon 2 0 24 21.24 12.81 0.00 0.00 34.05 37.00 12.81 0.00 0.00 49.81 15.76

Site Evaluation Tracking Evaluation
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The Max Baseline on the graph is the blower operating at full capacity. That value is 39.3 kW and 

includes the kW of the motor as well as the variable speed drive. The tracking assumptions have the 

neutralizer blower operating at this full capacity level for 1,700 hours per year. The graph does not show 

the 43.9 kW value in the hourly average consumption. Using the 5-minute monitoring intervals, 

maximum operation occurs 6.8% of the time. This is the equivalent of 53.5 hours of the 1,588 hour 

monitoring period. 

Figure 2 shows the weekly operating profile in a line chart. The daily profiles show that production begins 

at 5 am and peaks at 8 am. Neutralizer operation then drops around noon time and then rises again to a 3 

pm peak. Second shift operation begins a 4 pm and remains consistent across the days and hours. That 

graph also shows there is a single shift operating on Saturday and no operation on Sunday. 

 

 

 

Figure 2: Neutralizer Weekly Operating Profile 

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

1 4
3

8
5

1
2

7
1

6
9

2
1

1
2

5
3

2
9

5
3

3
7

3
7

9
4

2
1

4
6

3
5

0
5

5
4

7
5

8
9

6
3

1
6

7
3

7
1
5

7
5

7
7

9
9

8
4

1
8

8
3

9
2

5
9

6
7

1
0

0
9

1
0

5
1

1
0

9
3

1
1

3
5

1
1

7
7

1
2

1
9

1
2

6
1

1
3

0
3

1
3

4
5

1
3

8
7

1
4

2
9

1
4

7
1

1
5

1
3

1
5

5
5

k
W

Monitoring Hour

Neutralizer Hourly kW Operation During Monitoring Period
Total kW Max Baseline



DNV KEMA Energy & Sustainability    

KEMA, Inc. June 2013 9 

 

Verification of Equipment and Operating Parameters 

Table 5 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 5:  Data Comparison 

Input                     Tracking Evaluation Eval/Tracking 

Neutralizer Motor Baseline kW 37.00 37.00 100% 

Neutralizer Average Installed kW 23.62 20.09 85% 

Neutralizer Annual Operating Hours 5,150 5,470 106% 

Neutralizer Max Hourly kW w VSD 39.29 39.72 101.1% 

Neutralizer Max kW w VSD [5-min] 39.29 43.88 111.7% 

Neutralizer Annual Hours At Max [5-min] 1,700 371 21.8% 

Miller Flexos Annual Operating Hours* 5,150 4,153 80.6% 

Miller Flexos Average kW* 16.04 13.17 82.1% 

Rotaries Annual Operating Hours* 5,150 5,828 113.2% 

Rotaries Average kW* 25.67 14.72 57.4% 

Shredder Annual Operating Hours* 1,700 3,801 223.6% 

* Collected but not part of savings calculations 
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The neutralizer blower operates 6% longer throughout the year than anticipated. Holidays and weekend 

operation is reflected in this annual operation. The average power usage of the neutralizer blower is 15% 

less than anticipated. The tracking calculations assumed that the blower would operate at 100% capacity 

for 1,700 hour per year. The monitoring shows that operation at full capacity is 371 hours per year. This is 

the primary reason for the reduced average power draw. 

The additional loggers were installed to identify additional savings opportunities, especially with the 

shredder trim fan. The tracking documentation indicates that the shredder was anticipated to operate 1,700 

hours per year. Also, the neutralizer was anticipated to operate at a lower load and speed when the 

shredder was off. Neither case was confirmed. The shredder logger provided no power data, but did 

provide an estimated operating schedule. The shredder operated for 3,800 hours which is more than twice 

of what was expected. There was also little correlation between the neutralizer and shredder operations. 

The neutralizer was expected to operate at full capacity when the shredder was on. The neutralizer 

operated at full capacity for less than 7% of the time even though shredder operation more than doubled. 

Neutralizer power also did not when the shredder was off. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 66,882 kWh.  The evaluation estimates 

annual energy savings to be 92,471 kWh, resulting in an annual energy savings realization ratio of 134%.  

The savings variance is due to the 6% increase in annual operating hours and to the 15% reduction in 

average power consumption. While the maximum power draw is nearly 12% greater than anticipated, 

annual operating hours at full load conditions is 78% less than expected. 

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 

77.0% while the evaluation finds this value to be 70.1% resulting in a realization ratio of 91%.  The 

tracking calculations calculated on-peak energy usage by applying the percentage of annual on-peak 

hours to total annual savings. Evaluation calculations are based upon the diversity of operation identified 

in the monitoring data across the on-peak hours. 

The summer demand peak reduction is estimated in the tracking analysis to be 13.38 kW.  The evaluation 

estimates the summer demand peak power reduction to be 13.67 kW, resulting in a realization ratio of 

102%.   

The winter demand peak reduction is estimated in the tracking analysis to be 13.38 kW, and the 

evaluation found this value to be 15.38 kW, resulting in a realization ratio of 115%.   
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The demand savings are also based upon the total savings for the project.  The demand savings are total 

savings divided by the annual operating hours.  The evaluation savings are specific to the hours in the 

demand periods and include the operational diversity detailed in the monitored data. 
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Application WM 10C105: Vacuum Pump VSD 

Summary 

This application saves 48% of the energy originally estimated in the tracking analysis.  The 
primary reasons for the decrease in savings are a higher than expected post-retrofit average 
kW and lower than expected annual operating hours. 

A dairy farm installed a new 5 HP motor, variable frequency drive (VFD), and vacuum milk 
pump to replace the pre-retrofit constant speed pump.  The VFD allows the pump motor speed 
to modulate rather than using a regulator to control vacuum pressure.  Energy savings result 

from reduced pump motor power.  Figure 1 provides a summary of the tracking and evaluation 
savings value. 

Savings Quantity
Tracking 

Value

Evaluation 

Value

Evaluation ÷ 

Tracking

Annual Energy (kWh) 7,136 3,396 48%

% Energy Savings On-Peak N/A 28% N/A

Summer Seasonal Demand Reduction (kW) 3.0 0.03 1%

Winter Seasonal Demand Reduction (kW) 3.0 0.58 19%  

Figure 1:  Summary of tracking and evaluation savings results 

Project Description 

A dairy farm currently has a variable speed vacuum pumping system used for milking cows.  
The udders are connected to the vacuum system using specialized nozzles.  

Before the VFD was installed, the farm used a conventional single speed motor and regulator 

valve to control suction pressure.  Conventional dairy vacuum pumps and motors are 
intentionally oversized to compensate for leaks in the system.  The largest leaks occur when the 
nozzles fall off of the cows.  When this happens the regulator modulates closed to maintain 

suction pressure in the attached nozzles.  This is an inefficient way of controlling the system as 
there is substantial energy loss associated with pumping excess air through the system.  

The farm has installed a new drive, motor, and pump which controls the vacuum pressure by 

continuously varying the motor speed and minimizing losses.  

Tracking Analysis 

This section describes the methodologies employed in the original energy study, discusses 

aspects of the methodology that had significant impacts on final energy savings estimates, and 
describes the tracking calculation methodologies. 

Tracking Calculation Methodology 

The TA Vendor used a spreadsheet analysis to calculate the savings associated with the 
installation of a VFD vacuum pump system.  

To calculate the pre-retrofit power demand, the TA multiplied the pre-retrofit motor nameplate 
horsepower (4.5-HP) by a conversion factor of 0.746 kW/HP, and divided by motor 
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efficiency (87%) which results in a full load power demand of 3.86 kW.  There are three milking 
units at this farm so the tracking analysis uses units of kW/milking-unit.  The pre-retrofit input 

kW value used is equivalent to 1.29 kW/milking-unit.  

To calculate operating hours the TA assumed that the pump operates six hours per day, 365 
days per year which results in 2,190 annual hours.  These operating hours are then multiplied 

by the kW of the motor to calculate annual energy use. 

The post-retrofit case is based on the TA vendor’s previous experience with VFD vacuum 
pumps.  The TA states in the calculation spreadsheet that conventional (non-VFD) systems 

typically have a demand of 0.28 kW/milking-unit, while similar VFD systems have a demand of 
0.2 kW/milking-unit.  These values are reportedly based on research data gathered from 19 
experimental vacuum pump VFD installations.  This data suggests an average demand savings 

of 28.5%. 

This methodology seems reasonable but the pre-retrofit kW/milking-unit used in the tracking 
analysis does not match the average kW/milking-unit of their historical data.  The TA uses their 

calculated kW/milking-unit for the pre-retrofit case of 1.29 kW/milking-unit.  For the post-
retrofit case they use their historical value of 0.2 kW/milking-unit.  These assumptions result in 
a calculated demand savings of 84% even though the demand savings between traditional and 
VFD systems from their previous experience is only 28.5%.  

It appears that the summer and winter peak demand savings were incorrectly calculated by the 
TA Vendor.  The WMECO screening tool claims a peak demand savings of 3.3 kW for both 
winter and summer.  This is the average calculated demand reduction when the pump is in 

operation and not the demand during the specified summer and winter periods.  According to 
the WMECO screening tool, the summer peak demand period is weekdays from July through 
September, between the hours of 1PM and 5PM.  The winter peak demand period is weekdays 

from November through March, between the hours of 6AM to 10PM.  The correct way to 
calculate the demand savings during this period is to calculate the percent of the peak period 
that the pump is operating and multiply the average kW reduction by this value. 

Evaluation Methodology 

The evaluator has applied a slightly different calculation methodology than the tracking analyst.  
The most significant change includes post-retrofit metered data from 11/15/2012 to 

12/28/2012.  Calculate the average pre-retrofit kW based on three days of metering 

1. Calculate the average post-retrofit kW based on data from the entire metering period. 

2. Calculate the % of the metering period that the pump was operating and extrapolate 

this out to a full year to get annual operating hours.  

3. Calculate diversified summer and winter peak demand savings based on metering kW 
data. 
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Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 

 Exhaust Fan VSD Trends 

Parameter Input kW 

Meter Type Dent ElitePro kW meter 

Sensors 
Voltage clips and current 

transducers 

Installation Temporary 

Observation 
Frequency 

10-minute integration 

Metering 
Duration 

11/15/2012 to 12/28/2012 
 

Base or 
Installed 

Installed 

Metered by Evaluation 

Figure 2:  Summary of Evaluation Metering and Trend Data 

Evaluation Savings Analysis 

Retrofit Vacuum Pump Demand 

It is necessary to determine how often the vacuum pump runs and the power demand when it 

is operating.  The evaluation calculated the average operating demand to be 1.76 kW.  The 
evaluation set the operating cutoff demand to be 0.1 kW.  Whenever the average 10-minute 
demand is greater than or equal to 0.1 kW the motor is considered to be operating.  To 

calculate average operating kW, the total kWh during the metering period was divided by total 
operating hours. 

Pre-Retrofit Demand Calculations 

The pre-retrofit pump was not operated during the metering period.  Although still physically 
located in the mechanical room, it did not appear to be operational without requiring electrical 
repairs.  Due to lack of better data the evaluation uses the same value as the TA for pre-retrofit 

kW.  The TA assumed the 4.5 HP motor was fully loaded and 87% efficient.  They then 
calculated kW using the following equation: 

Pre-Retrofit kW (TA) = 4.5 HP × 0.746 kW/HP ÷ 87% efficiency 

Operating Hours 

The total operating hours during the metering period are divided by total hours in the metering 
period which results in an operating ratio of 18%.  This ratio is then multiplied by 8,760 hours 
to calculate 1,616 annual operating hours.  The evaluation attempted to find a correlation 

between operating hours and weekday as well as ambient outdoor temperature.  No significant 
correlation was found so it was determined that using the operating percentage was the most 
accurate way to predict annual operating hours.   



Impact Evaluation of 2011 Custom Refrigeration/Motor/Other Installations Site 39 
Application WM10C105  Page 4 

Peak Period Savings 

According to the WMECO screening tool, the summer peak demand period is weekdays from 

July through September, between the hours of 1PM and 5PM.  The winter peak demand period 
is weekdays from November through March, between the hours of 6AM to 10PM.  Metering data 
was used to calculate the total operating hours during the peak summer and winter time 

periods.  This methodology assumes the operating schedule during the metering period is the 
same all year.  The two operating hour values were then divided by total peak summer and 
winter hours during the metering period respectively.  This resulted in operation during 1.4% of 

the summer hours and 28% during the winter hours.  The difference between the average pre 
and post-retrofit kW values was multiplied by each of these percentages to calculate peak 
demand savings. 

Project Savings 

The project savings were analyzed using metered pre and post retrofit kW values and metered 
operating hours.  Annual operating hours and energy savings were calculated using the 

following equations. 

Annual Hours = Operating Percentage × 8,760 

Annual Energy Savings = (Pre-retrofit kW – Post-retrofit kW) × Annual Hours 

The average demand savings was calculated to be approximately 2.1 kW.  Annual operating 

hours were calculated to be 1,616.  Multiplying the demand reduction by the annual hours 
results in a total annual energy savings of 3,396 kWh.  Figure 3 shows the annual energy 
savings as well as the summer and winter demand reduction. 

Savings kW Reduction

kWh Summer Winter

3,396 0.03 0.58  

Figure 3: Savings Summary 

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and 

evaluation analysis.  Reasons for discrepancies are presented as well as their qualitative impacts 
on final project energy savings realization.  Figure 4 below shows the major assumptions of 
both the evaluation and the TA. 

Parameter
Tracking 

Value

Evaluation 

Value

Evaluation ÷ 

Tracking

Pre-Retrofit Case kW 3.86 3.86 100%

Post-Retrofit Case kW 0.60 1.76 293%

Annual Hours 2,190 1,616 74%  

Figure 4: Comparison of Major Inputs 

Pre-Retrofit kW 

The pre-retrofit pump could be not operated during the metering period and the evaluation 
assumed the same input kW as the TA for lack of better data.  
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Post-Retrofit kW 

The evaluation found the average post-retrofit kW to be 293% of the tracking analysis value.  

This increase in kW is likely a result of the mismatched historical pre and post retrofit 
kW/milking-unit values.  The TA assumed that the post-retrofit kW/milking-unit would be 0.2 
even though the pre-retrofit kW/milking-unit value was significantly higher (645%) than the 

historical value of 0.29 kW/milking-unit.  The TA adjusted the pre-retrofit kW to match the 
actual motor in this project but did not adjust the post-retrofit kW accordingly.  This 
methodology results in an estimated 84% demand reduction even though the historical data 

suggests a demand reduction of 28.5%.  The evaluation found the demand reduction to be 
approximately 54%.  This indicates that the rule of thumb that the TA cited may not apply to all 
vacuum milking pump applications. 

Annual Operating Hours 

The annual vacuum pump operating hours were found to be 74% of the tracking analysis 
hours.  The TA assumed the pump would operate for 3 hours per milking session with two 

milking sessions every day.  This results in 2,190 annual hours.   

The evaluation observed the daily operating hours to fluctuate between 3.5 hours and 6.3 hours 
(see Figure 5).  The total operating hours during the metering period are divided by total hours 
in the metering period which results in an operating ratio of 18%.  This ratio is then multiplied 

by 8,760 hours to calculate 1,616 annual operating hours. 

 

Figure 5: Daily Operating Hours (Metering Period) 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 7,136 kWh.  The evaluation 
estimates annual energy savings to be 3,396 kWh, resulting in an annual energy savings 
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realization ratio of 48%.  As discussed in the previous section the decrease in savings is due to 
lower than expected operating hours and higher than expected post-retrofit power demand. 

The summer demand peak reduction is estimated in the tracking analysis to be 3.0 kW.  The 
evaluation estimates the summer demand peak power reduction to be 0.03 kW, resulting in a 
realization ratio of 1%.   

The winter demand peak reduction is estimated in the tracking analysis to be 3.0 kW.  The 
evaluation found this value to be 0.58 kW, resulting in a realization ratio of 20%. 

It is unclear what methodology the TA used for calculating summer and winter peak demand 

reductions.  The demand reductions appear to be calculated by subtracting the post-retrofit 
average operating kW from the pre-retrofit average operating kW and then multiplying by some 
assumed operational percentage.  The evaluation multiplied the average operating demand 

reduction by the operating percentage during the peak which was calculated using metering 
data.  
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Application ID: WM10S231 

Measure Category: VFD 

Project Type: New Construction 

Summary 

This measure installs three new 60-HP 480V variable speed drives on existing cutting oil pumps in 

this139, 498 ft
2
 facility.  These drives are linked with new controls to deliver a constant flow of cutting oil 

at a prescribed pressure to 105 machine tools. The existing controls operated two 60-HP pumps at 

constant velocity pumps and one 60-HP pump equipped with a variable speed drive modulated to provide 

topping capacity. 

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 

savings of 53,801 kWh is 14% less than the tracking estimates. Summer on-peak demand savings are 

106% more than the tracking estimates and winter on-peak demand savings are 1% less than anticipated.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 

Estimate 

Evaluation 

Estimate 

Evaluation / 

Tracking 

Annual Energy (kWh) 62,843 53,801 86% 

% Energy Savings On-Peak 49.0% 56.4% 115% 

Summer On-Peak Demand (kW) 5.00 10.29 206% 

Winter On-Peak Demand (kW) 5.00 4.93 99% 

Project Description 

Cutting oil is required in this manufacturing facility.  Machine tools across the facility use the cutting oil 

during the fabrication processes to provide lubrication and cooling.  Full oil is required when tools 

operate in the cutting mode.  Oil requirements fluctuate according to shift changes and with varying 

manufacturing cycles on the plant floor.  Full oil is required when machine tool operators enable cutting 

functions.  Less oil is required during idle and setup periods. The installed three 60-HP variable speed 

drives will vary oil demand delivered three process pumps in response to machine tool requirement. 

These pumps do not operate independently but feed a common cutting oil reservoir. A distribution header 

feeds the cutting machines through branch lines.  

Tracking savings are based upon two pumps operating at constant speed and the third pump operating 

with a variable speed drive. Cutting oil pressure was maintained with this pumping scenario.  However, 
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the existing controls could not accurately respond to changes in operation resulting in excessive pump 

operation. 

Tracking Analysis 

Tracking Calculation Methodology 

The savings for this measure were derived from hand written calculations. Annual savings are determined 

by calculating the summer and winter on and off peak for pumps with VFD’s and added together. This 

value is then subtracted from the on and off peak calculation for pumps without VFD’s to obtain the 

annual kWh savings. The summer and winter on and off peak annual kWh formulas are identically 

derived. The factors that change are pump horsepower with and without VFD, and the weekly operating 

hours dependent on the on and off peak operation. The required brake horsepower [BHP] is a fixed value 

for each period. Table 2 below shows the identified BHP and the hours used in the calculations. How the 

BHP values were created is not detailed. Two pump curves are included in the documentation. It appears 

that the BHP was obtained from these based upon estimated cutting oil flow requirements. A summer 

peak with VFD calculation is shown below which will lead to the total savings, also below:     

Table 2 – Baseline and Proposed Calculation Variables 

 

Period BHP HRS/WK WKS/YR

Summer Peak High Operation 115.0 66 18

Summer Peak Low Operation 102.2 14 18

Summer Off-Peak High Operation 102.2 16 18

Summer Off-Peak Low Operation 53.9 48 18

Winter Peak High Operation 115.0 66 34

Winter Peak Low Operation 102.2 14 34

Winter Off-Peak High Operation 102.2 16 34

Winter Off-Peak Low Operation 53.9 48 34

Period BHP HRS/WK WKS/YR

Summer Peak High Operation 109.2 66 18

Summer Peak Low Operation 72.7 14 18

Summer Off-Peak High Operation 72.7 16 18

Summer Off-Peak Low Operation 49.6 48 18

Winter Peak High Operation 109.2 66 34

Winter Peak Low Operation 72.7 14 34

Winter Off-Peak High Operation 72.7 16 34

Winter Off-Peak Low Operation 49.6 48 34

WITHOUT VARIABLE SPEED DRIVES

WITH VARIABLE SPEED DRIVES
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                      (                    )       

Where: 

HP = pump horsepower  

0.746 = horsepower to kW conversion factor 

Hr = weekly operating hours  

Wk = weeks per year 

With VFD: 

                                                                 

Where: 

kWhSummerOn = Summer On Peak kWh 

kWhSummerOff = Summer Off Peak kWh 

kWhWinterOn = Winter On Peak kWh 

kWhWinterOff = Winter Off Peak kWh 

kWhVFD = Annual kWh with variable speed drive 

Without VFD: 

                                                        

                  

 

kWhSummerOn = Summer On Peak kWh 

kWhSummerOff = Summer Off Peak kWh 

kWhWinterOn = Winter On Peak kWh 
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kWhWinterOff = Winter Off Peak kWh 

kWhPre-existing = Annual kWh without variable speed drive 

Savings is then determined by subtracting the two: 

kWhPre-existing - kWhVFD 

Discussion of Tracking Analysis 

Handwritten calculations and notes are the sources of the tracking savings. The tracking savings estimate 

pre and post installation energy consumption for on-peak and off-peak operation for both the summer and 

winter.  Three levels of pumping requirements are estimated for each of the scenarios. Each pumping 

level is assigned unique operating kW and weekly operating hours.  These levels are based upon 

observations at the site and discussions with facility personnel. This level of detail is sufficient to estimate 

basic pre and post installation performance.   

This approach assumes uniformity in pump operation across all assigned hours at each level of operation.  

The annual operating hours also do not account for holidays or weekend operation.  This lack of 

operational diversity results in less accurate seasonal demand savings estimates. 

Baseline Validity 

The baseline assigned to this measure is less efficient pump controls on existing pumps.  The installation 

of the VSDs and control modifications improved the control of this equipment.  The applied baseline 

conditions reflect how the existing system operated and is valid for this measure. 

Evaluation Methodology 

An Elite power logger was installed to monitor the operation of the three cutting oil pumps.  The 

monitored data provided the operating schedule for the vacuum pump operation as well as the average 

hourly power consumption. 

Monitored data from the Elite power logger was converted into average hourly kW values.  These values 

are unique for each hour of the day and each day of the week.  This monitored data shows power 

consumption for across all production shifts.  A “typical” weekly operating schedule was created from the 

data.  The weekly operating schedule is provided in the Table 3  below. 
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Table 3:  Weekly Operating Schedule 

 

 

This weekly data is used as a lookup table that provides a unique kW value for each hour of the week.  

Savings calculations are performed in an 8,760-hour spreadsheet.  Hourly baseline kW usage is calculated 

from the tracking assumptions and the discussion of production operation conducted with the site 

contacts. The monitored kW for each hour is subtracted from the verified baseline kW to generate 

savings.  The savings for each hour are summed to calculate annual savings.  Summer and winter peak 

demand savings are generated for the hours in those periods using the unique hourly values. 

Evaluation Data Collection 

Hour Sun Mon Tue Wed Thu Fri Sat

1 0.00 45.89 49.21 49.34 50.86 48.46 0.00

2 0.00 45.58 47.56 48.38 48.99 48.07 0.00

3 0.00 45.98 48.57 48.87 50.12 48.17 0.00

4 0.00 45.50 45.92 46.57 48.42 46.75 0.00

5 0.00 46.03 47.42 47.69 48.46 49.24 0.00

6 0.00 49.57 48.44 48.25 48.39 52.46 0.00

7 0.00 51.09 49.47 47.26 48.11 52.16 0.00

8 0.00 59.88 66.04 66.88 68.49 68.03 0.00

9 0.00 69.13 71.61 76.27 76.34 75.59 0.00

10 0.00 67.50 71.13 70.10 75.53 76.47 0.00

11 0.00 66.71 74.88 76.47 76.34 77.07 0.00

12 0.00 66.77 75.84 81.77 74.67 77.86 0.00

13 0.00 59.76 72.91 81.29 74.52 77.13 0.00

14 0.00 61.44 71.85 80.85 80.50 78.97 0.00

15 0.00 54.19 55.62 66.33 64.36 60.95 0.00

16 0.00 60.82 64.55 62.54 64.76 52.33 0.00

17 0.00 66.89 74.72 72.82 74.38 53.00 0.00

18 0.00 68.01 73.08 75.94 74.99 47.81 0.00

19 0.00 63.31 67.58 67.99 70.24 48.88 0.00

20 0.00 62.49 62.33 61.49 67.55 46.49 0.00

21 0.00 67.26 63.82 65.37 70.18 47.95 0.00

22 40.53 65.09 60.49 65.46 67.97 45.39 0.00

23 44.30 55.38 54.27 56.31 55.28 36.05 0.00

24 44.54 48.88 48.91 50.46 48.72 0.00 0.00

Site Average Hourly kW
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The make, model, and specifications of the cutting oil pumps were confirmed during the site visit.  The 

installation of the variable speed drives was also confirmed.  Baseline conditions and production levels 

were discussed with site contacts.   

An Elite power logger was installed to monitor the operation of the three cutting oil pumps.  The logger 

was installed on the main power feed in the cutting pump control cabinet. This captured total performance 

of all three pumps and ancillary controls and provides accurate operating profile for comparison with pre-

installation conditions. 

The power logger was installed on November 29, 2012 and monitored pump operation for 64.5 days 

which included the Christmas holiday.  Power consumption was averaged for every five minutes 

throughout the monitoring period to capture and identify operational diversity.  The data shows that 

operational diversity occurs long term.  Consumption has minor variation between the 5-minute 

increments.  The operational diversity is more evident during shift changes.  This is consistent with 

tracking discussions. 

Evaluation Savings Analysis 

Annual savings are calculated using an 8,760 hour spreadsheet. The power data obtained from the Elite 

power logger provides a kW value for each operating hour of the year.  The hourly kW value is subtracted 

from the verified baseline kW.  This generates savings for each hour.  Hourly savings are summed to 

create the annual savings.  Summer and winter demand savings are calculated for the hours in those 

periods.  The savings for the first full workday are provided in Table 4 below. 

Table 4: Calculation Spreadsheet 
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The logger data provides the on/off schedule for the cutting oil pumps as well as the average power 

consumption.  Tracking savings are based upon 144 hours per week of pump operation.  The facility 

operates for three shifts on Mondays through Fridays.  This equals 120 hours per week of operation.  The 

144 tracking hours assumes a 6 day work week.  

Table 3 above shows no weekend operation.  The early morning operation on Sunday is for machine and 

pump startup after the weekend shut down.  The tracking uses old operating hours that are no longer in 

effect since the slowdown in the economy.  There are no plans to extend operation into the weekends in 

the future. Table 4 below shows the operating profile of the cutting oil pumps over the monitoring period. 

 

 

 

Max 81.8 81.8 87.6 87.6 25.3

Min 0 0 0 0 0

Totals 240 Totals 367,798 367,798 421,599 421,599 53,801

Worcester MA TMY3 Temps

Date Month Day

Day 

of 

Wk

Site 

Holiday % Load

OWB 

Temp

ODB 

Temp Hour Site kW

Site Total 

kW

Tracking 

kW

Total 

Tracking kW

Total 

kWh 

Savings

1/3/2011 Jan Mon 2 0 56.1% 21 23 1 45.89 45.89 49.87 49.87 3.98

1/3/2011 Jan Mon 2 0 55.7% 21 23 2 45.58 45.58 49.54 49.54 3.95

1/3/2011 Jan Mon 2 0 56.2% 22 24 3 45.98 45.98 49.97 49.97 3.99

1/3/2011 Jan Mon 2 0 55.6% 23 24 4 45.50 45.50 49.44 49.44 3.95

1/3/2011 Jan Mon 2 0 56.3% 23 24 5 46.03 46.03 50.03 50.03 3.99

1/3/2011 Jan Mon 2 0 60.6% 24 25 6 49.57 49.57 69.69 69.69 20.12

1/3/2011 Jan Mon 2 0 62.5% 24 25 7 51.09 51.09 71.82 71.82 20.73

1/3/2011 Jan Mon 2 0 73.2% 25 26 8 59.88 59.88 84.18 84.18 24.30

1/3/2011 Jan Mon 2 0 84.5% 27 28 9 69.13 69.13 72.78 72.78 3.65

1/3/2011 Jan Mon 2 0 82.5% 28 29 10 67.50 67.50 71.06 71.06 3.56

1/3/2011 Jan Mon 2 0 81.6% 30 30 11 66.71 66.71 70.24 70.24 3.52

1/3/2011 Jan Mon 2 0 81.7% 31 32 12 66.77 66.77 70.29 70.29 3.52

1/3/2011 Jan Mon 2 0 73.1% 32 33 13 59.76 59.76 84.02 84.02 24.26

1/3/2011 Jan Mon 2 0 75.1% 33 34 14 61.44 61.44 86.37 86.37 24.93

1/3/2011 Jan Mon 2 0 66.3% 34 35 15 54.19 54.19 76.18 76.18 21.99

1/3/2011 Jan Mon 2 0 74.4% 35 36 16 60.82 60.82 85.50 85.50 24.68

1/3/2011 Jan Mon 2 0 81.8% 34 36 17 66.89 66.89 70.42 70.42 3.53

1/3/2011 Jan Mon 2 0 83.2% 34 35 18 68.01 68.01 71.60 71.60 3.59

1/3/2011 Jan Mon 2 0 77.4% 33 35 19 63.31 63.31 66.65 66.65 3.34

1/3/2011 Jan Mon 2 0 76.4% 32 34 20 62.49 62.49 65.79 65.79 3.30

1/3/2011 Jan Mon 2 0 82.3% 31 33 21 67.26 67.26 70.81 70.81 3.55

1/3/2011 Jan Mon 2 0 79.6% 29 32 22 65.09 65.09 68.53 68.53 3.44

1/3/2011 Jan Mon 2 0 67.7% 28 31 23 55.38 55.38 77.86 77.86 22.48

1/3/2011 Jan Mon 2 0 59.8% 27 30 24 48.88 48.88 68.72 68.72 19.84
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Table 5: Pump operation Throughout the Monitoring Period 

 

 

The small gaps in the operating profile correspond to weekend dates.  The long period of no usage occurs 

during the plant shutdown between Christmas and New Year’s.  The tracking hours did not account for 

holidays. 

Table 5 shows the weekly operating profile in a line chart. The daily profiles show that primary 

production occurs during the first shift from 7 am to 3 pm.  At 3 pm the shift change is evident.  Second 

shift operation and pumping requirements are less than first shift operation.  This is consistent with 

information provided by the site contacts. Fewer machines are used during the second shift.  Production is 

reduced again during the third shift. 

These operating profiles are important in recreating pre-installation operation.  Tracking savings are based 

upon 6-day per week operation which has not been in place for many months.  Tracking savings also 

utilize three levels of estimated pump usage.  Pumping operation during the first shift was estimated at 

85.76 kW.  Pumping requirements drop to 76.24 kW at lower production levels.  During shift changes and 

all other off peak operation the required capacity drops to 40.21 kW.  The weekend operation included in 

the tracking estimates falls primarily in this last operating level. 

 

 

 

0.0

20.0

40.0
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80.0

100.0
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Table 6: Pump operation Throughout the Monitoring Period 

 

 

The monitored data, along with the tracking assumptions, were used to estimate hourly baseline usage to 

correspond with the hourly monitored kW of the oil pumps. The baseline was not a fixed constant speed 

and capacity. Two pumps did operate at fixed speed, but the third was equipped with a variable speed 

drive. The tracking calculations presented 3 capacity levels. Table 7 shows how this data was transferred 

to the monitored kW. 

Table 7: Operating Adjustment Factors 

 

0.0

10.0

20.0

30.0

40.0

50.0

60.0

70.0

80.0

90.0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

k
W

Hour

Oil Pump Weekly Operating Profile

Sun

Mon

Tue

Wed

Thu

Fri

Sat

Baseline Operation

BHP kW Hours/Week % Op Trigger kW

115.0 85.76 66 46% 62.40

102.2 76.24 30 21%

53.9 40.21 48 33% 48.50

144 100%

Installed Operation

BHP kW Hours/Week Installed kWh Op Base kWh OP Multiplier

109.2 81.46 66 5,376 5,660 1.05

72.7 54.23 30 1,627 2,287 1.41

49.6 37.00 48 1,776 1,930 1.09

144 8,779 9,877 1.13
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Three levels of operation were identified for the baseline and installed operations.  The Post kWh Op and 

Base kWh Op are calculated by multiplying the kW times the hours per week. The multiplier is the Base 

kWh Op divided by the Installed kWh Op. 

 

The trigger kW values are derived from the monitored data. The monitored kW was sorted from largest to 

smallest. The 62.4 kW trigger is the average kW for the top 46% of the monitoring data. The 48.5 kW 

trigger is the average of the bottom 33% of data. This is used to estimate a baseline kW. 

 

If/then functions are used in the spreadsheet. If hourly monitored data is greater than the 62.4 kW trigger, 

then the monitored kW is multiplied by 1.05 to correspond with that performance. If the monitored kW is 

less than the 48.5 kW trigger, then the monitored kW is multiplied by 1.13. All remaining monitored kW 

is multiplied by 1.41. This transfers the tracking calculations baseline logic to our monitored data. No 

baseline monitoring was performed to provide additional operational diversity. 

 

Verification of Equipment and Operating Parameters 

Table 8 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 8:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

 Motor Quantity 3 3 100% 

 Motor Horsepower 60.0 60.0 100% 

 Average Baseline Pump kW 68.59 69.05 101% 

 Average Installed Pump kW 60.97 60.24 98.8% 

 Annual Operating Hours 7,488 6,106 81.5% 

The difference in operating hours is the primary reason for the savings variance.  Annual operation for the 

cutting oil pumps is 18.5% less than tracking estimates.  This is due the inclusion of a weekend 

production day and operation on holidays that are not in place at the facility. Most of the additional 

operating hours occur during low production periods.  Correcting for these hours results in a 1% increase 

in average baseline usage.  The monitored average pump installed kW is 1.2% less than the tracking 

estimates.  These pumps are drawing slightly less power than anticipated. 

 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 62,843 kWh.  The evaluation estimates 

annual energy savings to be 53,801 kWh, resulting in an annual energy savings realization ratio of 86%.  
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The savings variance is due to reduced annual operation of the cutting oil pumps compared with tracking 

estimates. 

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 

49.0% while the evaluation finds this value to be 56.4% resulting in a realization ratio of 115%.  The 

tracking calculations calculated on-peak energy usage by applying the percentage of annual on-peak 

hours to total annual savings. Evaluation calculations are based upon the diversity of operation identified 

in the monitoring data. 

The summer demand peak reduction is estimated in the tracking analysis to be 5.0 kW.  The evaluation 

estimates the summer demand peak power reduction to be 10.29 kW, resulting in a realization ratio of 

206%.   

The winter demand peak reduction is estimated in the tracking analysis to be 5.0 kW, and the evaluation 

found this value to be 4.93 kW, resulting in a realization ratio of 99%.   

The demand savings are also based upon the total savings for the project.  The demand savings are total 

savings divided by the annual operating hours.  The evaluation savings are specific to the hours in the 

demand periods and include the operational diversity detailed in the monitored data. 
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Application WM 10R103: Vacuum Pump VSD 

Summary 

This application saves 24% of the energy originally estimated in the tracking analysis.  The 
primary reasons for the decrease in savings are a higher than expected post-retrofit average 
kW and lower than expected annual operating hours. 

A dairy farm installed a new 7.5 HP motor, variable frequency drive (VFD), and vacuum milk 
pump to replace the pre-retrofit constant speed pump.  The VFD allows the pump motor speed 
to modulate rather than using a regulator to control flow.  Energy savings result from reduced 

pump motor power.  Figure 1 provides a summary of the tracking and evaluation savings value. 

Savings Quantity
Tracking 

Value

Evaluation 

Value

Evaluation 

÷ Tracking

Annual Energy (kWh) 5,225 1,270 24%

% Energy Savings On-Peak N/A 20% N/A

Summer Peak Diversified (kW) 2.9 0.12 4%

Winter Peak Diversified (kW) 2.9 0.20 7%  

Figure 1:  Summary of tracking and evaluation savings results 

Project Description 

A dairy farm currently has a variable speed vacuum pumping system used for milking cows.  

The udders are connected to the vacuum system using specialized nozzles.  

Before the VFD was installed, the farm used a conventional single speed motor and regulator 
valve to control suction pressure.  Conventional dairy vacuum pumps and motors are 

intentionally oversized to compensate for leaks in the system.  The largest leaks occur when the 
nozzles fall off of the cows.  When this happens, the regulator modulates closed to maintain 
suction pressure in the attached nozzles.  This is an inefficient way of controlling the vacuum 

pressure as there is substantial energy loss associated with pumping excess air through the 
system.  

The farm has installed a new drive, motor, and pump which controls the vacuum pressure by 

continuously varying the motor speed to maintain a suction pressure.  Energy savings result 
from reduced average motor demand. 

Tracking Analysis 

This section describes the methodologies employed in the original energy study, discusses 
aspects of the methodology that had significant impacts on final energy savings estimates, and 
describes the tracking calculation methodologies. 

Tracking Calculation Methodology 

The TA Vendor used a spreadsheet analysis to calculate the savings associated with the 
installation of a VFD vacuum pump system.  
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To calculate the pre-retrofit power demand, the TA multiplied the pre-retrofit motor nameplate 
horsepower (5-HP) by a conversion factor of 0.746 kW/HP, and divided by motor 

efficiency (87.5%) which results in a full load power demand of 4.26 kW.  There are seven 
milking units at this farm so the tracking analysis uses units of kW/milking-unit.  The pre-retrofit 
input kW value used is equivalent to 0.61 kW/milking-unit.  

To calculate operating hours, the TA assumed that the pump operates five hours per day, 365 
days per year which results in 1,825 annual hours.  These operating hours are then multiplied 
by the input kW of the motor to calculate annual energy use. 

The post-retrofit case is based on the TA vendor’s previous experience with VFD vacuum 
pumps.  The TA states in the calculation spreadsheet that conventional (non-VFD) systems 
typically have a demand of 0.28 kW/milking-unit, while similar VFD systems have a demand of 

0.2 kW/milking-unit.  These values are reportedly based on research data gathered from 19 
experimental vacuum pump VFD installations.  This data suggests an average demand savings 
of 28.5%. 

This methodology seems reasonable but the pre-retrofit kW/milking-unit used in the tracking 
analysis does not match the average kW/milking-unit of the historical data.  The TA uses their 
calculated kW/milking-unit for the pre-retrofit case of 0.61 kW/milking-unit.  For the post-
retrofit case they use their historical value of 0.2 kW/milking-unit.  These assumptions result in 

a calculated demand savings of 67% even though the demand savings between traditional and 
VFD systems from their previous experience is only 28.5%.  

It appears that the summer and winter peak demand savings were incorrectly calculated by the 

TA Vendor.  The WMECO screening tool claims a peak demand savings of 3.3 kW for both 
winter and summer.  This is the average calculated demand reduction when the pump is in 
operation and not the demand during the specified summer and winter periods.  According to 

the WMECO screening tool, the summer peak demand period is weekdays from July through 
September, between the hours of 1PM and 5PM.  The winter peak demand period is weekdays 
from November through March, between the hours of 6AM to 10PM.  The correct way to 

calculate the demand savings during this period is to calculate the percent of the peak period 
that the pump is operating and multiply the average kW reduction by this value.  

Evaluation Methodology 

The evaluator has applied a slightly different calculation methodology than the tracking analyst.  
The most significant changes include post-retrofit metered data from 11/15/2012 to 12/28/2012 
and three days of metering of the pre-retrofit case pump and motor combination.  The dairy 

farm still has the pre-retrofit pump installed as a backup.  To ensure the old pump stays in 
operable condition, it is used in place of the VFD pump occasionally.  The evaluator followed the 
basic steps below. 

1. Calculate the average pre-retrofit kW based on three days of metering 

2. Calculate the average post-retrofit kW based on data from the entire metering period 
less the three days where the constant speed pump was running.  

3. Calculate the % of the metering period that the pump was operating and extrapolate 
this out to a full year to get annual operating hours.  

4. Calculate diversified summer and winter peak demand savings based on metering kW 

data. 



Impact Evaluation of 2011 Custom Refrigeration/Motor/Other Installations Site 54 
Application WM10R103  Page 3 

Evaluation Data Collection 

A summary of the metering and trend data used in this evaluation is provided below. 

 Exhaust Fan VSD Trends 

Parameter Input kW 

Meter Type Dent ElitePro kW meter 

Sensors 
Voltage clips and current 

transducers 

Installation Temporary 

Observation 
Frequency 

10-minute integration 

Metering 
Duration 

11/15/2012 to 12/28/2012 
 

Base or 
Installed 

Installed 

Metered by Evaluation 

Figure 2:  Summary of Evaluation Metering and Trend Data 

Evaluation Savings Analysis 

Pre-Retrofit Demand Calculations 

The dairy farm still has the pre-retrofit pump and motor system in place as a backup.  In order 

to keep the pump and motor in working condition they run the old system in place of the new 
system occasionally.  The metering data shows this old pump running for three days from 12/8 
to 12/10.  The average pre-retrofit demand was calculated using the same methodology as the 

retrofit demand described above.  The result was an average pre-retrofit demand of 4.19 kW.   

Retrofit Vacuum Pump Demand 

It is necessary to determine how often the vacuum pump operates and the corresponding 

power demand.  The evaluation calculated the average operational power demand to be 
3.24 kW.  This value is based on metering data which includes some operation of the old pump.  
Operation of the old pump had to be included because it operates occasionally throughout the 

year which increases the average operating kW.   

The evaluation set the operating cutoff demand to be 0.1 kW.  Whenever the average 
10 minute demand is greater than or equal to 0.1 kW the motor is considered to be operating.  
To calculate average operating kW, the total kWh during the metering period was divided by 

total operating hours. 

Operating Hours 

The total operating hours during the metering period are divided by total hours in the metering 

period which results in an operating ratio of 15%.  This ratio is then multiplied by 8,760 hours 
to calculate 1,345 annual operating hours.  The evaluation attempted to find a correlation 
between operating hours and weekday as well as ambient outdoor temperature.  No significant 

correlation was found so it was determined that using the operating percentage was the most 
accurate way to predict annual operating hours.   
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Peak Period Savings 

According to the WMECO screening tool, the summer peak demand period is weekdays from 

July through September, between the hours of 1PM and 5PM.  The winter peak demand period 
is weekdays from November through March, between the hours of 6AM to 10PM.  Metering data 
was used to calculate the total operating hours during the peak summer and winter time 

periods.  This methodology assumes the operating schedule during the November/December 
metering period is the same all year.  These total operating hours were then divided by total 
peak summer and winter hours during the metering period respectively.  This resulted in 

operation during 11% of the summer hours and 20% during the winter hours.  The difference 
between the average pre and post-retrofit kW values was multiplied by each of these 
percentages to calculate peak demand savings. 

Project Savings 

The project savings were analyzed using metered pre and post retrofit kW values and metered 
operating hours.  Annual operating hours and energy savings were calculated using the 

following equations. 

Annual Hours = Operating Percentage × 8,760 

Annual Energy Savings = (Pre-retrofit kW – Post-retrofit kW) × Annual Hours 

The average demand savings was calculated to be approximately 0.94 kW.  Annual operating 

hours were calculated to be 1,345.  Multiplying the demand reduction by the annual hours 
results in a total annual energy savings of 1,270 kWh.  Figure 3 shows the annual energy 
savings as well as the summer and winter demand reduction. 

Savings Demand Reduction (kW)

kWh Summer Winter

1,270 0.12 0.20  

Figure 3: Savings Summary 

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and 

evaluation analysis.  Reasons for discrepancies are presented as well as their qualitative impacts 
on final project energy savings realization.  Figure 4 below shows the major assumptions of 
both the evaluation and the TA. 

Parameter
Tracking 

Value

Evaluation 

Value

Evaluation 

÷ Tracking

Pre-Retrofit Case kW 4.26 4.19 98%

Post-Retrofit Case kW 1.40 3.24 232%

Annual Hours 1,825 1,345 74%  

Figure 4: Comparison of Major Inputs 
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Pre-retrofit kW 

The evaluation found the pre-retrofit kW to be 98% of the tracking analysis.  .  The TA 

assumed the 5 HP motor was fully loaded, and this appears to have been a reasonable 
assumption.  Input kW was calculated using the following equation:   

Pre-Retrofit kW (TA) = 5 HP × 0.746 kW/HP ÷ 87.5% efficiency 

Post-Retrofit kW 

The evaluation found the average post-retrofit kW to be 232% of the tracking analysis value.  
This increase in kW is likely a result of the mismatched historical pre and post retrofit 

kW/milking-unit values.  The TA assumed that the post-retrofit kW/milking-unit value would 0.2 
even though the pre-retrofit kW/unit value was significantly higher (210%) than the historical 
value of 0.29 kW/unit.  The TA adjusted the pre-retrofit kW to match the actual motor in this 
project but did not adjust the post-retrofit kW accordingly.  This methodology results in an 

estimated 67% demand reduction even though the historical data suggests a demand reduction 
of 28.5%.  The evaluation found the demand reduction to be approximately 22.6%.  This value 
would be slightly higher if occasional operation of the old system was not accounted for.   

This indicates that the rule of thumb that the TA cited was in-line with the evaluation findings 
but the TA deviated from this in its calculations.  Had the TA applied the 28.5% demand 
reduction to the fully-loaded pre-retrofit motor assumption, the demand reduction would have 

been significantly more accurate. 

Annual Operating Hours 

The annual vacuum pump operating hours were found to be 74% of the tracking analysis 

hours.  The TA assumed the pump would operate for 2.5 hours per milking session with two 
milking sessions every day.  This results in 1,825 annual hours.   

The evaluation observed the daily operating hours to fluctuate between 2.3 hours and 5.6 hours 

(see Figure 5) for an average of 3.6 hours per day.  This translates into 1,345 annual operating 
hours, which is 74% of the TA’s estimate. 
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Figure 5: Daily Operating Hours (Metering Period) 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 5,225 kWh.  The evaluation 
estimates annual energy savings to be 1,270 kWh, resulting in an annual energy savings 
realization ratio of 24%.  The primary reasons for the decrease in savings is due to lower than 

expected operating hours and higher than expected post-retrofit power demand. 

The summer demand peak reduction is estimated in the tracking analysis to be 2.9 kW.  The 
evaluation estimates the summer demand peak power reduction to be 0.12 kW, resulting in a 
realization ratio of 4%.   

The winter demand peak reduction is estimated in the tracking analysis to be 2.9 kW, and the 
evaluation found this value to be 0.20 kW, resulting in a realization ratio of 7%. 

It appears that the TA used the wrong methodology for calculating summer and winter peak 

demand reductions.  The demand reductions were calculated by subtracting the post-retrofit 
average operating kW from the pre-retrofit average operating kW.  This methodology assumes 
that the pump operates continuously during the peak period, which is not the case according to 

the metered data.  The evaluation multiplied the average operating demand reduction by the 
operating percentage during the peak which was calculated using metering data.  
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SUMMARY 
This Design 2000 new construction project installed a high efficiency uninterruptible power supply (UPS) 
in a new 900 sq.ft. data center. Overall savings were calculated as the sum of the direct savings associated 
with the installed UPS and the indirect savings associated with the resulting reduction in cooling load. 
The tracking estimate of annual savings was calculated as the average annual savings based on an 
assumed 15-year load profile. The evaluation estimate of savings is also based on a 15-year average, with 
the same percent increases year-over-year as was assumed for the tracking estimate; however, the first-
year average power draw was found to be only 28.6% of the first-year tracking assumption. This resulted 
in a considerable discrepancy between the evaluation and tracking values, which was partially offset by 
an evaluated baseline-to-installed UPS efficiency improvement that was 62% greater than the 
improvement assumed for the tracking estimate.  The evaluated annual energy savings was estimated to 
be 16,211 kWh, equivalent to a 46% realization rate for the overall project. Summer and winter demand 
savings reflected commensurate reductions from their respective tracking estimates. Table 1summarizes 
these findings. 

Table 1: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of 
Tracking 

Annual Energy, kWh 34,916 16,211 46.4% 
Percent Energy On-peak  46.0% 46.4% 101% 
Summer Peak Diversified kW  4.0 1.9 46.3% 
Winter Peak Diversified kW  4.0 1.9 46.3% 

  

SBW Consulting, Inc. 1 
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PROJECT DESCRIPTION 
The new 900 sq.ft. datacenter includes floor-mounted server racks, in-row cooling (IRC), and a dedicated 
UPS. The 10’-0” tall space is designed for an average of 96.5 W/sq.ft, including eight server racks at 10.0 
kW each, one 100 kW UPS with an estimated 5% loss factor, and one 100 kW power distribution unit 
(PDU) with an estimated loss factor of 2%.  The total design cooling load was calculated as [8 x 10 kW x 
(1+.05 +.02)] = 85.6 kW.  The actual load on the UPS was assumed to step up by a nominal amount each 
year until year five, after which time it would be assumed to remain constant. Total savings is calculated 
for each year as the sum of the direct savings associated with the high efficiency UPS and the indirect 
savings associated with the resulting reduction in cooling load.   Overall savings is assumed to be the 15 
year weighted average of the annual totals. 

Table 2 provides a summary of the key performance parameters for the base case and proposed case 
equipment. 

Table 2: UPS Base Case and Proposed Case Summary 

 

2  SBW Consulting, Inc.  
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Base Case Equipment and Operation 
For the base case evaluators assumed the same model as the TA had assumed, namely, the APC MGE 
Galaxy PW 225kVA UPS.  Evaluators also assumed the same cooling system performance factor (2.5 
kW/Ton) as the TA had assumed for the base case.  Since this was a new construction project and there 
was no actual base case equipment, evaluators assumed the base case loads to be the same as those 
measured for the installed case.  A discussion about the assumptions that were applied to the base case is 
given below in the Baseline Verification section. Evaluators applied manufacturer’s data to generate 
regression models for the efficiency of both the base case UPS and the installed case UPS as a function of 
percent full load. A discussion about the development of these models is given in the Appendix. The 
results are depicted in Figure 1. 

Figure 1: Installed Case and Base Case UPS Performance Curves 

 

In Figure 1, UPS performance data used in the TA analysis for the proposed and baseline cases are 
represented by blue diamonds and green triangles, respectively. Also represented in Figure 1 are 
manufacturer’s performance data for the same UPS models as were used in the TA analysis, represented 
by blue and green “X” symbols, respectively. The blue and green lines represent performance curves for 
the respective UPS’s obtained from regression analysis of the respective sets of data. The blue circle 
represents the operating point of the installed UPS as measured during the data collection period. The 

SBW Consulting, Inc. 3 
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green circle represents where the operating point of the baseline UPS would have been if the larger-
capacity designated baseline UPS had been installed. This figure shows that the TA analysis assumed the 
same % Full Load operating points for both the baseline and installed cases despite the fact that the 
baseline UPS had greater capacity while serving the same load as was assumed for the proposed case. It 
also shows that the TA analysis assumed the projected first-year load on the UPS would be greater than 
was actually found to be the case. 

Installed Case Equipment and Operation 
The installed UPS was the APC Symmetra PX 100kW Scalable UPS, same as the TA had expected.  
Evaluators were unable to verify the actual characteristics of the installed cooling system, but, like the 
TA, assumed it to be the same as in the base case. Evaluators collected data from the installed UPS for 
just over five weeks. The logged trends for input kW and output kW and the corresponding calculated 
efficiency are summarized in Figure 2. For unknown reasons only three weeks of output kW data (load) 
were logged.  Considering the margin of error associated with the measuring equipment, the load 
appeared to be essentially fixed at a level slightly higher than 17 kW.  

Figure 2: Directly Measured UPS Input and Output kW and Efficiency    
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TRACKING ANALYSIS  
Tracking Calculation Methodology 
Table 3 and Table 4 show the 15-year load and performance profiles assumed by the TA for the base case 
and the proposed case UPS, respectively. 

Table 3: TA’s 15 Year Base Case Load and Performance 

Year Average Load % Load % Efficiency
Annual Direct 
Energy (kWh)

Annual Indirect 
Energy (kWh)

1 60 26.7% 92.5% 568,012 30,156
2 65 28.9% 92.6% 615,050 32,459
3 70 31.1% 92.6% 662,044 34,730
4 75 33.3% 92.7% 708,993 36,969
5 80 35.6% 92.7% 755,896 39,176
6 80 35.6% 92.7% 755,896 39,176
7 80 35.6% 92.7% 755,896 39,176
8 80 35.6% 92.7% 755,896 39,176
9 80 35.6% 92.7% 755,896 39,176

10 80 35.6% 92.7% 755,896 39,176
11 80 35.6% 92.7% 755,896 39,176
12 80 35.6% 92.7% 755,896 39,176
13 80 35.6% 92.7% 755,896 39,176
14 80 35.6% 92.7% 755,896 39,176
15 80 35.6% 92.7% 755,896 39,176

Average Annual kWh= 724,597 37,683
Overall Average Annual kWh= 762,280  

Table 4: TA’s 15 Year Proposed Case Load and Performance 

Year Average Load % Load % Efficiency
Annual Direct 
Energy (kWh)

Annual Indirect 
Energy (kWh)

1 60 26.7% 95.1% 552,875 19,394
2 65 28.9% 95.2% 598,389 20,612
3 70 31.1% 95.2% 643,817 21,770
4 75 33.3% 95.3% 689,161 22,868
5 80 35.6% 95.4% 734,420 23,905
6 80 35.6% 95.4% 734,420 23,905
7 80 35.6% 95.4% 734,420 23,905
8 80 35.6% 95.4% 734,420 23,905
9 80 35.6% 95.4% 734,420 23,905

10 80 35.6% 95.4% 734,420 23,905
11 80 35.6% 95.4% 734,420 23,905
12 80 35.6% 95.4% 734,420 23,905
13 80 35.6% 95.4% 734,420 23,905
14 80 35.6% 95.4% 734,420 23,905
15 80 35.6% 95.4% 734,420 23,905

Average Annual kWh= 704,191 23,173
Overall Average Annual kWh= 727,364  
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In each table the annual direct energy consumption for each year was calculated by dividing the average 
load by the respective efficiency and multiplying by 8760.  Annual indirect energy for each year was 
calculated by multiplying the energy lost to inefficiency by the cooling system performance, which the 
TA took to be 2.5 kW/ton. Overall average annual energy consumption (kWh) was calculated as the sum 
of the annual direct energy and annual indirect energy averaged over 15 years. Overall savings was 
calculated as the difference in overall average annual energy consumption between the base case and 
proposed case shown at the bottom of the Table 3 and Table 4, respectively. 

Evaluators found one error in the TA’s base case assessment.  The TA calculated the average load during 
the first year to be equivalent to 26.7% of the design full load.  This implies that the TA assumed the base 
case design full load to be 225 kW.  Evaluators found this to be an erroneous assumption, given 
manufacturer’s data clearly stating that the design capacity for this unit was 225 kVA (not kW) or 205 
kW. The load percentage for the first year should therefore have been 29.3%, not 26.7%, and the 
percentages for subsequent years should have been slightly higher as well.   From Figure 1, higher load 
percentages for the base case would have resulted in higher efficiencies, and higher efficiencies would 
have resulted in less direct and indirect energy.  Moreover, assuming no corrections to the TA’s 
assessment of the proposed case, higher base case efficiencies would have also resulted in lower overall 
savings. 

However, evaluators also found an error in the TA’s assessment of the proposed case.  While rightly 
assuming the average loads for the proposed case to be the same as in the base case, the TA assumed that 
the percent full load values were also the same, disregarding the fact that the design proposed case full 
load was actually 100 kW, less than half that of the base case.  The percent full load for the first year for 
the proposed case should have been 60%, not 26.7%, and the percentages for subsequent years should 
have been much higher as well.   From Figure 1, higher load percentages for the proposed case would 
have resulted in higher efficiencies, and higher efficiencies would have resulted in less direct and indirect 
energy. 
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EVALUATION ANALYSIS 
Evaluation  Calculation Methodology 
Evaluators’ methodology took the following general steps: 

1. Logged input and output kW of the UPS over a five-week period 

2. Generated performance curves of the baseline and installed UPS equipment from manufacturer’s 
data and TA data 

3. Calculated hourly energy consumption values over the data collection period for baseline and 
installed case operation 

4. Generated the demand savings trend corresponding to the logging period 

5. Verified that demand savings could be represented as a fixed value weighted by daytype, and 
applied this value to each hour of the year to calculate the first year energy savings 

6. Calculated the demand and energy savings for each subsequent year in proportion to the 
respective load assumed by the TA for each of those years 

7. Calculated the overall savings for the project as the average of the annual savings calculated over 
15 years 

Demand savings for the logging period was calculated as the sum of the direct demand savings and the 
indirect demand savings. To generate the direct demand savings trend, evaluators first derived the load 
trend (output kW) by applying the logged (installed case) input kW to the regression model for the 
installed case efficiency shown in Figure 1. Evaluators then calculated the base case input kW by 
applying the load trend to the regression model for base case efficiency.  The direct demand savings trend 
was then generated by subtracting the installed case input kW from the base case input kW.  The 
corresponding indirect savings trend was calculated by simply converting the resulting kW savings values 
to tons of refrigeration and multiplying those values by the cooling system performance factor of 2.5 
kW/ton, which is the same as that used in the TA analysis.   
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Figure 3 summarizes the results of these demand savings calculations for the five weeks of logged data.  
Close examination of these results makes it clear that demand savings varies insignificantly within any 
given day.  However, when compared against the academic calendar, it is apparent that the small step 
changes seen in Figure 3  coincide directly with specific day types within the academic year.  Table 5 
maps the logged savings data of Figure 3  to five apparent academic day types. 

Figure 3: Demand and Savings Trends over the Logging Period 

  

Table 5: kW Savings by Daytype 

Daytype Dates Logged Days in Year % of Year
Average 

Direct
Average 
Indirect

Total 
Average

Regular Session 1 12/1-12/12 186 51% 0.92 0.66 1.580

Exams 2 12/13-12/20 27 7% 0.92 0.65 1.571

No School 3 12/21-1/1 49 13% 0.91 0.65 1.554

Maintenance 4 12/28 1 0% 0.91 0.64 1.550

Winter/Summer Session 5 1/2-1/6 102 28% 0.91 0.65 1.560

Weighted Average kW Savings 1.57  
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Figure 4 shows the result of extrapolating these daytype demand savings across the entire academic year.  
Note that the maximum variation in savings between daytypes is only 30 watts, which is only 2% of the 
maximum savings.   If it is assumed that this extrapolated trend holds regardless of load, and that demand 
savings rises proportionally with load, then at the maximum load predicted by the TA over 15 years of 
operation,  this variation would amount to no more than 140 watts.     

Figure 4: kW Savings Extrapolated to Calendar Year 

 

Given the insensitivity of savings to time-of-day and the negligible sensitivity to daytype, evaluators 
concluded that demand savings could be characterized as being constant over the calendar year and 
calculated it to be simply the duration-weighted average of the demand savings for the five daytypes 
shown in Table 5, or 1.57 kW. First year annual energy savings were then calculated simply by 
multiplying this weighted average demand savings by 8760 hours. 

For this project, however, tracking savings were not based on a single year but were based on the average 
savings over 15 years.  As shown in Table 3 and Table 4 above, over the span of 15 years the TA 
expected that the average annual load would rise incrementally from 60 kW the first year to 80 kW the 
fifth year, and then remain at 80 kW for the remaining ten years.  Having been unable to assess for 
themselves the projected 15-year load profile for the UPS, evaluators decided to assume that the load 
would grow in a manner proportional to what the TA proposed.  Table 6 compares the 15-year load trend 
proposed by the TA with the proportional trend assumed by the evaluators. Using this revised 15-year 
load trend, evaluators applied the pre-retrofit and installed case performance models to determine the 
annual savings for each year, and then took the average to find the overall annual savings for the project. 

Table 6: 15-Year Load Projections (Output kW) 

Year 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
TA 60 65 70 75 80 80 80 80 80 80 80 80 80 80 80

Evaluator 17.1 18.6 20.0 21.4 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9 22.9
% Increase 8.3% 7.7% 7.1% 6.7% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%  
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Baseline Verification 
Three main questions arose about the parameters that were applied to the base case analysis. The first 
regarded the fact that the design capacity of the TA’s base case UPS was more than two times greater 
than the unit that was installed.  The second regarded the seemingly low quality of the cooling system 
serving the datacenter.  The third was in regard to the projected-15 year load profile. 

The TA analyst assumed a 255 kVA (205 kW) UPS to represent the base case for this project. The 
evaluators attempted to identify a baseline UPS that would be closer in rated capacity to the installed 
UPS; however, selection of a baseline UPS proved difficult and, in the end, it was found the rated 
capacity of the UPS would have little impact on the evaluated savings estimate. There is a wide range of 
equipment available; little part-load performance data was found among the potential baseline equipment 
choices and of those providing data, what was presented was imprecise generic curves produced for 
marketing purposes and not engineering;, there is reportedly no standard for measuring UPS performance, 
allowing each manufacturer to measure in a way that provides an apparent advantage for their equipment. 
In spite of these difficulties, an attempt was made to analyze a smaller 135 kW UPS to use as the baseline 
UPS. Only three part-load efficiencies were identified on a generic plot (% Efficiency vs % Load) at 25%, 
50% and 75% load. The curve on the plot extended below 25% load and efficiency values were estimated 
for 20%, 15% and 10% loads by graphically interpolating between 0% and 25% loads on the abscissa. 
The resulting values were carried through the evaluation methodology and the results showed a difference 
of less than 1% from the same analysis using the TA’s data for the larger baseline UPS. Due to the 
imprecisions encountered and the resulting apparently small impact, it was decided to retain the baseline 
UPS for the evaluation. 

The discussion in the previous paragraph also applies to the installed UPS outside the narrow band of 
loads measured for this evaluation. As is the case for the baseline, no better data than those used by the 
TA analyst were found and the TA data were used to avoid biasing the results with imprecisions 
introduced from other sources of unknown accuracy. 

For the cooling system the TA assumed a performance factor of 2.5 kW/ton for both the base case and 
proposed case. This is exceedingly high for a new construction project, where one would expect a 
performance factor closer to 1 kW/ton for an air-cooled split system.  However, the new construction 
aspect of this project applied only to the datacenter space itself, not the building in which it was built.  
The building itself is quite old.  That being said, evaluators were unable to verify the precise 
characteristics of the actual cooling system serving the datacenter.  The owner was uncomfortable with 
the hands-on nature of the evaluation process due to the perceived risk it presented to his datacenter, so 
once the loggers were installed the site visit was over.  On the way out the owner pointed to a housing 
within one of the datacenter racks that appeared to contain a DX coil and fan.  Unfortunately evaluators 
were unable to investigate deeper, and instead asked the owner if he wouldn’t mind forwarding the model 
numbers for the cooling system via e-mail. After several unsuccessful attempts to follow-up on this 
matter, evaluators decided that it was reasonable to assume that the local convection unit serving  the 
space might be new, the associated remote air-cooled condensing unit, assuming there is one, very likely 
is not new.  Given this scenario, 2.5 kW/ton, while still quite high, is not quite so unreasonable. That 
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being said, it is easy to estimate the savings that would accrue if another number had been assumed.  For 
example, if the actual kW/ton is not 2.5, but, 2.0, then the overall savings would be about 8% lower. 

The 15 year load profile that was assumed by the TA is shown in Table 6 above.  Evaluators were unable 
to independently assess the validity of this assumption.  Evaluators solicited the owner for his views on 
this matter but received no reply.  Having no basis for changing it, evaluators assumed the TA’s projected 
growth rate to be no more or less reasonable than any other.  That being said, it should be pointed out that 
according to the performance profiles shown in Figure 1, as load increases, the performance difference 
between the installed case and base case asymptotically approaches a minimum.  In other words, 
regardless of what the load is in the first year, if the actual load rate of growth is in fact greater than zero, 
then over the course of 15 years the average savings will always be less than what it is in the first year.  In 
this case then, as the results of this evaluation show, the 15 year extrapolation represents a conservative 
approach to evaluating savings. 

Key Savings Calculation Inputs 
 Trends of UPS input & output (kW) 

 Manufacturers’ efficiency data for base case UPS 

 Design data for cooling system equipment we didn’t get this, so I don’t think it should remains as 
a key input 

Evaluation Data Collection 
Loggers were installed to trend the input and output kW of the UPS.  Table 7 below provides information 
about this equipment. Photos of the deployed loggers are shown in the appendices. Calendar events were 
downloaded from the public website.  Evaluators were unable to obtain any information about the cooling 
system or the 15 year projected load profile. 

Table 7: Monitored Equipment  

Equipment/ 
Parameter Metered UPS Input kW UPS Output kW 

Measurement Variable(s) Amps, Power Factor, kW on each 
of three phases 

3-phase kW (2) 

Measurement Equipment Dent ELITEpro Onset Energy Logger Pro with 
Veris Transducers 

Type of Measurement Equipment Four Channel Power Logger Multi-channel general purpose 
logger & True RMS kW 

transducer 
Installation of Monitoring Equipment Clamp-On CTs and Voltage taps Clamp-On CTs and Voltage taps 
Frequency of Observations 15 minutes, average 15 minutes, average 
Duration of Metering 5 weeks 3 weeks 
Metered by SBW/Electrician SBW/Electrician 
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Results 
Average annual energy savings was 16,211 kWh, equivalent to a 46% realization rate for the project. 
Demand savings was 1.9 kW. Table 8 summarizes these results. 

Table 8: Overall Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of 
Tracking 

Annual Energy, kWh 34,916 16,211 46.4% 
Percent Energy On-peak  46.0% 46.4% 101% 
Summer Peak Diversified kW  4.0 1.9 46.3% 
Winter Peak Diversified kW  4.0 1.9 46.3% 

Table 9 compares the evaluators’ first-year findings with the TA’s first year expectations. Evaluators 
found the load on the UPS to be effectively fixed at 17.1 kW, about 72% less than the 60 kW the TA 
expected for the first year. At such a low load, however, the efficiency improvement between the installed 
case and the base case was found to be 5.0%, about 79% more than the 2.8% improvement expected by 
the TA for the proposed case.  The net product of the lower-than-expected load and the higher-than-
expected increase in efficiency resulted in an average first-year demand savings of 1.57 kW, which was 
47% less than the 2.96 kW expected by the TA.  Energy savings was calculated to be 13,722 kWh, 
equivalent to a 53% realization rate when considering only the first year of operation. 

Table 9: Comparison of Evaluators’ First Year Findings with TA’s First Year Expectations 

 

Full 
Load 
kW

Actual 
Load 
kW

% Full 
Load

% 
Efficiency

Direct 
Input 
kW

Indirect 
Input 
kW

Total 
kW

Total 
kWh

Base Case 225 60.0 26.7% 92.5% 64.84 3.44 68.28 598,133

Proposed Case 100 60.0 26.7% 95.1% 63.11 2.21 65.32 572,203

Savings or % Improvement 2.8% 1.73 1.23 2.96 25,930

Base Case 205 17.1 8.4% 89.4% 19.17 1.44 20.62 180,613

Installed Case 100 17.1 17.1% 93.9% 18.26 0.79 19.05 166,891

Savings or % Improvement 5.0% 0.92 0.65 1.57 13,722
First Year Realization Rate 52.9%
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Table 10 compares the evaluators’ 15-year averages with the TA’s overall expectations.  Evaluators found 
the 15-year average load on the UPS to be 21.9 kW, about 71% less than the 76.7 kW the TA expected. 
Based on this average load, however, the efficiency improvement between the installed case and the base 
case was found to be 4.7%, about 62% more than the 2.9% improvement expected by the TA.  The net 
product of the lower-than-expected average load and the higher-than-expected increase in efficiency 
resulted in an overall average 15-year demand savings of 1.9 kW. This was 54% less than the 4.0 kW 
expected by the TA.  Average annual energy savings over 15 years was 16,211 kWh, equivalent to a 46% 
realization rate for the 15-year project.   

Table 10: Comparison of Evaluators’ 15-Year Projection with TA’s 15-Year Expectations 

Full 
Load 
kW

Actual 
Load 
kW

% 
Full 

Load
% 

Efficiency

Direct 
Input 
kW

Indirect 
Input 
kW

Total 
kW

Total 
kWh

Base Case 225 76.7 34.1% 92.7% 82.72 4.30 87.02 762,280

Proposed Case 100 76.7 76.7% 95.4% 80.39 2.65 83.03 727,364

Savings or % Improvement 2.9% 2.33 1.66 3.99 34,916

Base Case 205 21.9 10.7% 90.4% 24.25 1.66 25.91 226,949

Installed Case 100 21.9 21.9% 94.6% 23.16 0.89 24.06 210,754

Savings or % Improvement 4.7% 1.08 0.77 1.85 16,195
15 Year Realization Rate 46.4%

15 Year Average
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Note: The Evaluation Total kWh Savings in this table varies from the Evaluation 
values provided in Table 1 and Table 8 because the value in this table was 
derived independently. The difference is due to rounding errors and is less 
than 0.1% of the reported Evaluation value. 
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APPENDICES 
Performance Regression Models 
For the installed case UPS evaluators applied seven points based on the manufacturer’s data shown in 
Figure 5 to generate a linear regression of percent efficiency as a function of the inverse of the fraction of 
full load.  These seven points included the four given explicitly in the manufacturer’s table, as well as 
three picked by evaluators by zooming into the low end of the manufacturer’s curve at 70%, 80% and 
90% efficiency.  The results of this model are plotted in Figure 6.  

Figure 5: Manufactuer’s Data for Installed Case UPS 

 

Figure 6: Linear Regression of Installed Case Efficiency 
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For the base case UPS, evaluators were able to find manufacturer’s data associated with only 50% and 
100% full load, so in order to generate a reasonable model evaluators included the data provided by the 
TA shown in the third and fourth columns of Table 3. As shown in Figure 7, this combination of data 
resulted in a good fit. 

Figure 7: Linear Regression of Base Case Efficiency    

 

Because the actual measured “Output kW” data stream obtained from monitoring was truncated and 
lacked resolution, the evaluators decided to replace it with a surrogate stream “backed out” by applying 
the “Input kW” monitored data (which covered a longer time period and had better resolution) to the 
manufacturer’s efficiency curve. First a regression was performed on manufacturer’s data to derive an 
expression for efficiency as a function of Fractional Load: 
  
Ƞ = m*(1/Fractional Load)+b, 
  
Written another way, this is: 
  
Output kW/Input kW = m*(Design Output kW/Output kW) + b 
  
Input kW and Design Output kW are known, and, from the regression, so are m and b.  To solve this for 
Output kW, both sides of the equation were multiplied by Output kW and Input kW and the terms 
rearranged to obtain a quadratic in terms of Output kW: 
  

A*(Output kW)2 + B*(Output kW) + C = 0 
 Where 

A = 1 
B = -b * Input kW (Column “F” in the analysis workbook for this report) 
C = -m*Input kW* Design Output kW (Column “G” in the analysis workbook for this report) 

  
Output kW (Column “H” in the analysis workbook for this report) is then found by applying the formula 
for finding the roots of a quadratic, which in this case requires the plus sign to make it reasonable: 

 Output kW = (-B + (B2 – 4AC).5)/4A.
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Demand Saving as a Constant Value 
Close examination of Figure 3 makes it clear that demand savings varies insignificantly within any given 
day.  However, when compared against the academic calendar, it is apparent that the small step changes 
seen in Figure 3  coincide directly with specific daytypes within the academic year.  Table 5 maps the 
logged savings data of Figure 3  to five apparent academic daytypes, and Figure 4 shows the result of 
extrapolating these daytype demand savings across the entire academic year.  In absolute terms the 
difference in demand savings between daytypes is practically negligible. The annual savings trend is 
represented in normalized terms in Figure 8, which shows that over the course of the year demand savings 
fluctuates by less than 2%. 

Furthermore, if it is assumed that the normalized trend of Figure 8 holds regardless of load, and that 
demand savings rises proportionally with load, then at 80% of full load (predicted by the TA for years 5 
through 15), the 2% variation shown in Figure 8 would amount to no more than 140 watts.   

Figure 8: Normalized Annual Savings Trend 

 

Given the insensitivity of savings to time-of-day and the negligible sensitivity to daytype, evaluators 
concluded that demand savings could be characterized as being constant over the calendar year and 
calculated it to be simply the duration-weighted average of the demand savings for the five daytypes 
shown in Table 5, or 1.57 kW. First year annual energy savings were then calculated simply by 
multiplying this weighted average demand savings by 8760 hours,  
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Photos 
Photos of the input and output sides of the UPS are shown in Figure 9 and Figure 10, respectively. The 
loggers can be seen resting on the bottom of the electrical panel in Figure 10. Figure 10 also shows the 
two sets of three-phase watt transducers that were necessary for monitoring the loads connected to the two 
sets of bus bars on the output side of the UPS. 

Figure 9: Input Side of UPS 

 

Figure 10: Output Side of UPS 
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SUMMARY 
In this Energy Initiative project, proprietary software was installed on a central server that enables the 
university’s information technology (IT) staff to automatically distribute and maintain standard power 
management policies on all network-connected computers and laptops operated by the school’s faculty 
and staff.  Table 1 summarizes the evaluation findings. The discrepancy between the tracking estimate 
and the evaluated savings arises from a reduction in the number of computers that are controlled by the 
software and minimal difference between the computers’ energy management settings and the imposed 
settings. 

Table 1: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of 
Tracking 

Annual Energy, kWh 209,969 18,962 9.0% 
Percent Energy On-Peak 0% 82% NA 
Summer On-Peak kW  0.0 3.9 NA 
Winter On-Peak kW  0.0 1.9 NA 

  

PROJECT DESCRIPTION 
Proprietary software was installed on an IT-administered server that enables the IT staff to automatically 
distribute and maintain standard power management configurations on all network-connected computers 
and laptops.  The TA estimated that on average, 1,100 computers and 400 laptops are normally connected 
to the network.  Each of the computers was assumed to be accompanied by a separately-powered 
computer monitor. Each of the notebooks was assumed to include an on-board display screen. Four power 
management states were defined: 

• Active – CPU and hard-drive are energized and actively processing data; monitor/display is on 

• Idle – CPU and hard-drive are energized but not processing data (idle); monitor/display is on 

• Asleep  – the equipment is in software-induced “sleep” or “hibernation” mode 

• Off – the equipment is powered off 

Pre-Retrofit Equipment and Operation 
Each computer is operated according to the power management settings that each user has chosen. There 
is no set schedule for campus staff.  The majority of activity on campus takes place between 8 a.m. and 10 
p.m. Monday-Thursday, and 8 a.m. and 5 p.m. on Friday as shown in Table 2.  The campus closes for ten 
holidays each year.   
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Table 2: Operation Schedule 

Day Begin End 
Monday-Thursday 8:00 22:00 
Friday 8:00 17:00 

 

Installed Equipment and Operation 
During work hours, all the equipment operates as it did in the pre-retrofit case, except that individual 
machines may be put to sleep after being idle for an amount of time prescribed by the new power 
management software.  Only 1056 (of the 1500) computers were controlled by the power management 
software. There are six different power management configurations, called policies, which are employed 
throughout the campus as shown in Table 3. Each one has differences, but roughly, the hard drives are 
turned off after 20 minutes of inactivity, turn off the monitor and hibernate or sleep after 30 minutes, and 
turn off the computer at either 6 or 10 p.m. if the user doesn’t object.  No actual schedule of operation was 
obtained.  

Table 3: Policies 

Policy Count Description 
ITS Classroom Power Settings 152 Computers in the classrooms 
Departmental & Student Worker 201 General computers 
ITS Lab Power Settings 111 Computers in the Lab 
CR 319 Laptops and general computers 
kiosk 15 Kiosks 
RDC 258 Laptops and remote access 

 

TRACKING ANALYSIS  
Tracking Calculation Methodology 
To simplify and avoid overestimating energy savings, all “active state” operating hours were re-
categorized as “idle state” hours for the pre-retrofit condition.  The equipment was assumed to operate at 
the power levels shown in Table 4. Each of the computers was also assumed to be accompanied by a 
separately-powered computer monitor. Each of the notebooks was assumed to include an on-board 
display screen requiring 50% of the notebook’s power. 

Table 4: TA Assumed Unit Power Levels (Watts) by Equipment Type 

Power State 
Computer 

(Watts) 

Computer 
Monitor 
(Watts) 

Notebook – 
CPU/Hard Drive 

(Watts)  

Notebook - 
Display Screen 

(Watts) 
Idle 69 32 10.5 10.5 
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Sleep 3 1 1 1 
Off 2 1 0.5 0.5 

 

For the installed case, a typical 10-hour work day was modeled to estimate the percentage of hours that 
the equipment was asleep.  This model work day is shown in Table 5, with the resulting sleep state 
percentages summarized at the bottom.  Note that during these work hours when the equipment was not 
asleep, it was assumed to be “on”, which, in this context, was the equivalent of “idle”. 

For both the pre-retrofit case and the installed case, the annual energy consumption was calculated by 
summing the product of power and hours of operation over the three power states and the four types of 
equipment (Computer, Computer Monitor, Notebook CPU/Hardrive, and Notebook Display Screen). 

Overall energy savings was calculated to be 209,969 kWh, which, distributed across all 1,500 machines, 
equals a unit savings of 140 kWh/machine/year. 

Calculations for demand savings and indirect savings associated with reduced HVAC cooling were not 
included in the TA study. 
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Table 5: Model 10-hr Work Day 

Monitor Computer Screens Computer
Setting 10 30 5 30

Time Activity
Computer in 
use? Time On Time Sleep Time On Time Sleep Time On Time Sleep Time On Time Sleep

8:30 Power on
8:45 Check email Y 15 0 15 0 15 0 15 0
9:00 Telephone calls 15 10 5 15 0 5 10 15 0
9:15 30 0 15 15 0 0 15 15 0
9:30 45 0 15 0 15 0 15 0 15
9:45 Check e-mail Y 15 0 15 0 15 0 15 0
10:00 Meeting 15 10 5 15 0 5 10 15 0
10:15 30 0 15 15 0 0 15 15 0
10:30 45 0 15 0 15 0 15 0 15
10:45 60 0 15 0 15 0 15 0 15
11:00 Draft paper Y 15 0 15 0 15 0 15 0
11:15 Y 15 0 15 0 15 0 15 0
11:30 Walk-in meeting 15 10 5 15 0 5 10 15 0
11:45 30 0 15 15 0 0 15 15 0
12:00 Lunch 45 0 15 0 15 0 15 0 15
12:15 60 0 15 0 15 0 15 0 15
12:30 75 0 15 0 15 0 15 0 15
12:45 90 0 15 0 15 0 15 0 15
13:00 Computer Work Y 15 0 15 0 15 0 15 0
13:15 Y 15 0 15 0 15 0 15 0
13:30 Y 15 0 15 0 15 0 15 0
13:45 Y 15 0 15 0 15 0 15 0
14:00 Meeting 15 10 5 15 0 5 10 15 0
14:15 30 0 15 15 0 0 15 15 0
14:30 45 0 15 0 15 0 15 0 15
14:45 Check e-mail Y 15 0 15 0 15 0 15 0
15:00 Walk-in meeting 15 10 5 15 0 5 10 15 0
15:15 Computer Work Y 15 0 15 0 15 0 15 0
15:30 Telephone Call 15 10 5 15 0 5 10 15 0
15:45 Check e-mail Y 15 0 15 0 15 0 15 0
16:00 Non-computer work 15 10 5 15 0 5 10 15 0
16:15 Non-computer work 30 0 15 15 0 0 15 15 0
16:30 Non-computer work 45 0 15 0 15 0 15 0 15
16:45 Non-computer work 60 0 15 0 15 0 15 0 15
17:00 Draft paper Y 15 0 15 0 15 0 15 0
17:15 Telephone Call 15 10 5 15 0 5 10 15 0
17:30 Check e-mail Y 15 0 15 0 15 0 15 0
17:45 Read 15 10 5 15 0 5 10 15 0
18:00 Y 15 0 15 0 15 0 15 0
18:15 Clean up 15 10 5 15 0 5 10 15 0

Shut Down
Totals (Min) 310 275 435 150 260 325 435 150

% Sleep 47% 26% 56% 26%

COMPUTERS NOTEBOOKS
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EVALUATION METHODOLOGY 
The proprietary software tracks the amount of time the controlled computers spend in the various states. It 
produces an annual report containing monthly totals of the calculated energy use. These reports are based 
on accumulated time in each operating state for each computer as compared to the existing Windows 
energy management settings (i.e. the energy management settings using the software that is resident on an 
individual computer). It is our understanding that, for example, if the software would reset the operating 
state from “idle” to “sleep” after 15 continuous minutes in idle mode, and the Windows system would 
have made the reset after 20 minutes, savings are credited at the Wattage difference between the two 
states for the 5-minute difference. On the other hand, if the native system would have reset after 10 
minutes, the 5-minute difference in energy consumption would be subtracted from the total savings. The 
reports we obtained provided only the summarized savings for entire groups of computers for each month. 
We have no information as to how long the computers spent in each of the states. The power draw of each 
computer is based on values provided to the software by the IT department and shown in Table 6.  The IT 
staff estimated these Wattages by averaging the nameplate Wattages for each of the computer models and 
weighting them by the number of each model of computer.  The software calculates the energy savings by 
comparing the actual usage to what the usage would have been, based on the computer’s original energy 
management settings.  This can result in both increases and decreases in energy usage, depending on the 
settings.  To investigate the computer Wattage, the evaluation team studied a sample of computers. It was 
determined that a sample of 16 computers would be enough to represent the entire population with the 
desired 80-20 confidence interval. The computers were selected from among the different types that 
contributed to the computation of the average Wattage value. All computers controlled by the software 
were included in the energy savings report from the software.  The evaluated computer energy savings are 
taken from these software reports.  We could not adjust the reported savings using our one-time readings 
because we do not know the durations of the respective states across the computers in any group.  

In essence, the two key variables in evaluating savings are the durations of each operational state and the 
power draw in those states. We had a choice of using the historical report data with the durations of states 
of operation inherent in the reported values but without directly applying our one-time readings, or using 
our one-time readings and having to make assumptions regarding the relative durations of the states of 
operation. We chose the former approach because the durations of the operational states are inherent in 
the data and we have one-time readings for comparison to the values used in the software. Using the latter 
approach would have allowed us to use our one-time measured Wattage data, but no data were available 
to allow a comparison of any assumptions we might have made about durations to comparable values 
from the software. 

To calculate demand savings, the monthly savings were spread across the workdays and hours in the 
month based on the typical schedule as shown in Table 2. For the purpose of calculating the demand 
savings only, the Evaluation assumed that all equipment was off outside of the work week hours. 

The pre-retrofit case was not explicitly validated.  Since the pre-retrofit case was whatever power 
management settings were currently on the computers, it can change at any time based on the whim of the 
user. 

5  June 2013 
 



NGRID Project 713111                                        MA Custom Refrigeration, Motor and Other Impact Evaluation                                      

Table 6: Unit Power Levels (Watts) used by Software 

Power State Computer 
Computer 
Monitor 

Idle 58 28 
Sleep 2.8 0.5 
Off NA NA 

 

Key Savings Calculation Inputs 
 Software report 

 Equipment nameplate and corresponding sleep and idle mode power levels for a sample of the 
computers. 

 Algorithm used by the software to calculate savings. 

 Estimated performance parameters of the space cooling and heating systems serving the typical 
work space. 

Evaluation Protocol 
SBW conducted a single site visit during which the IT staff was interviewed about pre-retrofit and 
installed case system operation.  The IT staff provided a software-generated report showing energy (kWh) 
use and direct savings for 2012 for all software-controlled computers.  One of the six historical savings 
reports is shown in Figure 1 in the Appendix. The total number of computers affected by the policies is 
1056, about 70% of the expected 1500 machines.  The missing computers were a combination of the 
laptops which were not on the network (and hence couldn’t be controlled) and users who had not opted in 
to the program. 

Instantaneous energy usage was collected for a sample of computers.  The one-times were collected for 
16 computers (6 laptops and 10 desktops). These values were compared to the nameplate data the IT 
department used to calculate the average computer energy use that the software used.  The average 
measured idle Wattage value was 0.4 Watts lower (0.5%) than the reported value. The measured average 
hibernate Wattage value was 1.8 Watts lower (55%) than the reported value.  These differences would 
lead to an overestimate in the savings values. Unfortunately, due to the fact that we have no data on the 
amount of time spent in the different modes, there is no way to use the collected data.  It is included here 
only to show that it is not very different than the values used to calculate the savings.  

As stated previously, the evaluated computer energy savings are taken from the software reports for each 
policy. The software does not measure actual real-time power, but instead tracks activity and creates a 
state log.  This state log is then used in conjunction with IT-defined average computer Wattage to 
calculate energy use.  For the pre-retrofit case it uses the computer’s current power management settings 
to determine the state of the computer given the recorded activity periods. For the installed case it uses the 
applicable policy.  
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Site personnel indicate that the cooling loads across campus are evenly split between the central chiller 
plant running VFD chillers and roof top units. We assumed typical efficiency values for these two cooling 
types and assume half the cooling load reduction will be met by each type. Indirect energy savings 
associated with the reduction in cooling load were calculated by multiplying the direct savings by a 
conservative estimate of cooling system performance for all hours that the outside air temperature (OAT) 
is above the nominal balance temperature of 60°F. All heating on campus is provided by gas-fired boilers 
and any electrical energy increases due to fan operation to meet increased heating loads were considered 
to be insignificant and therefore ignored.   

Peak demand savings cannot be calculated from the software-generated reports since they offer only 
monthly accumulated energy savings. Demand savings was calculated by assuming that energy savings 
accrues based on the schedule in Table 2.  

Evaluation Data Collection 
The IT staff provided electronic copies of the software-generated installed case energy use and savings 
report for the controlled machines.  Evaluators contacted the software manufacturer to determine the 
algorithm used for calculating the energy use and savings. 

Evaluators interviewed the appropriate staff person to obtain the necessary information about the cooling 
and heating systems serving the spaces in which the machines operate. 

Results 
Evaluated savings (18,962 kWh) are 9.0% of the tracking savings (209,969 kWh). The direct savings 
from the reduction in computer use was 18,208 kWh, and the indirect savings from the reduced cooling 
load was 754 kWh (4% of total savings).  Differences between evaluation and tracking savings were due 
to a 30 % reduction in the number of computers that are controlled by the software and an overestimate in 
the change that the enforced policies would create. One possible reason for the overestimate is the 
policies of the IT department, which determine the default power management settings on new computers. 
Another is the effect of the policy implementation in raising power management awareness in the users. It 
is also possible that the complete change in the method of calculating the savings impacted the results. 
The fact that the data used to arrive at the savings is truly based on the performance of all the computers 
that were “opted in” at the time of the readings and that our 1-time readings were in reasonable agreement 
with the Wattage values used in the software suggests that our methodology (although not as originally 
planned) and results are reasonable. 

An additional piece of supporting evidence is that, in the process of our calculations, we did redo the 
analysis using the TA’s approach. We entered our 1-time readings and actual participation (i.e. “opt in”) 
rates, along with an estimate of the percentage of time the computers went into sleep mode, into the TA’s 
methodology and came up with a 13% realization rate. This suggests that, even though the two 
approaches to determining savings are substantially different, they both yield results that are not greatly 
different when measured data are used. 
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Table 7: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of 
Tracking 

Annual Energy, kWh 209,969 18,962 9.0% 
Percent Energy On-Peak % 82% NA 
Summer On-Peak kW  0.0 3.9 NA 
Winter On-Peak kW  0.0 1.9 NA 
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APPENDIX 
Data Summaries 
Data used in the determination of savings for this project as well as samples of calculation sheets 
excerpted from Excel worksheets are included below. 
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Figure 1: Software Report Data 
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Figure 2: Cooling System Assumptions 

Rooftop units 
  

 
SEER 

 
12 BTUh/kW 

 
Approx EER 11.4 

assume 2-speed 
compressor 

 
Approx kW/ton 1.05 

 
     Central chiller (Carrier Evergreen VFD) 

 
IPLV 

 
0.40 kW/ton (assumed) 

     Average kW/ton 0.725 
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Figure 3: Measured Computer Wattages 

 

 

Table 8: Typical Policy Settings (Student Worker:LPDM) 

Action Device Inactivity Trigger Source Day Time 
Turn on Computer 

  
Wed 1 am 

Turn off Computer Soft 
 

Wed 3 am, 6pm, 10pm 
Standby Computer After 30 mins Either Mon-Sun 12 am-11 pm 
Hibernate Computer After 1 hr Either Mon-Sun 12 am-11 pm 

Turn off 
Hard 
disks After 20 minutes Either Mon-Sun 12 am-11pm 

Turn off Monitor After 20 minutes Either Mon-Sun 12 am-11pm 
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SUMMARY 

This Energy Initiative project replaced 63 leaking or broken steam traps at a cogeneration power plant.  

Reduced steam loss permits more electricity to be generated on-site, thereby reducing demand on the 

utility’s grid and effectively conserving utility-generated electric power. 

Table 1 summarizes the savings findings. 

Table 1: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings 
Evaluated % of 

Tracking 

Annual Energy, kWh 3,849,196 1,230,350 32.0% 

Percent Energy On-peak 46% 46.4% 101% 

Summer On-Peak kW  439 140 32.0% 

Winter On-Peak kW  439 140 32.0% 

Reasons for the differences between the tracking and evaluated estimates of savings are due to substantial 

changes in the flow regime between those assumed for the tracking estimate and those obtained from the 

measured data used in the evaluation.  The actual observed changes between pre-retrofit and installed 

conditions in the average turbine steam flow regime, as evidenced by site-metered data from the pre-

retrofit (2009) and installed case (2011) periods, are summarized in Table 2.  

Without the new steam traps, depending on the owner’s strategy for limiting grid demand, either the 2011 

average demand would have been 0.1 MW higher than it actually was or the overall output of the turbines 

would have been 0.1 MW lower (or something in between). 

According to the owner’s logged data, the average non-normalized demand on the grid was 0.2 MW 

higher in 2011 than in 2009.  Moreover, the average non-normalized turbine output was 3.7 MW lower. 

Based on this information it appears that plant electric load was reduced and purchased electric energy 

increased following installation. 

Table 2: Comparison of Tracking and Evaluated Changes between Pre-Retrofit and Installed 

Turbine Steam Flow Regimes 

Steam Flow Regime 
Tracking 

Change (kpph) 

Evaluated 

Change (kpph) 

Evaluated % 

Difference from 

Tracking 

600# Throttle 8.1 0.1± 58% 98.8% 

200# Extraction 0 -2.1±36% NA 

3# Extraction 8.1 -0.4±111% -105% 
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PROJECT DESCRIPTION 

Figure 1 provides a schematic representation of this cogeneration power plant. The plant features four 

natural gas boilers and one heat recovery boiler that together generate up to 890 klb/hr of 600 psig (#), 

825°F steam.  Some of the 600# steam is delivered to process loads, but most is used to generate 

electricity in the three customer-built 10 MW steam turbine generators (STGs), two of which typically 

operate at any given time. On average these generators continuously produce about 3.75 MW of electrical 

power. 

Each of the STGs features auto-extraction steam at 200# to serve various process loads. STG-7 also has 

auto-extraction steam at 3# that is used for space heating and for feeding the deaerator.  

Figure 1: Power Plant One-Line Diagram 

 

On the 600# side of the system (shown in Figure 1 in red) analog steam flow meters are installed on the 

downstream side of each of the boilers (M1), on the upstream side of each of the process loads (M2), and 

on the upstream side of the turbines (M3). Located on the “common header” between the boilers and the 

loads but not shown in Figure 1 are a series of 600# steam traps which are intended to allow the small 

amount of condensate that accumulates in the header system (shown in Figure 1 in red) to be channeled to 

the condensate return line (shown in Figure 1 in black) while retaining the 600# steam for use at the loads. 

On the 200# and 3# sides of the system (shown in Figure 1 in blue) analog steam flow meters are installed 

downstream of the respective turbine extraction ports (M4 and M5) and upstream of the respective loads 

(M7 thru M10). Though not shown in Figure 1, a series of steam traps is also located on this lower 

pressure header system between the turbine extraction ports and the lower-pressure loads. 



MA Custom Process/Compressed Air Impact Evaluation                                                 NGRID Project 591245 

Error! No text of specified style in document. 3 

The dearator is not shown in Figure 1, but is presumed to be located downstream of flowmeter M9b, 

being served as one of the 3# auxiliary loads.  

The gas turbine shown in Figure 1 applies to this project only to the extent that the conjoined heat 

recovery steam generator (HRSG) is enabled when the gas turbine runs.  When the gas turbine and the 

HRSG operate simultaneously, the HRSG uses the waste heat from the gas turbine to generate and deliver 

600# steam to the common 600# header. 

The focus of this investigation is the electrical energy impact associated with replacing a subset of the 

200# and 600# steam traps described above. 

Electrical power production increases as the flow of 600# steam increases through M3 (see Figure 1).  

Conversely, electrical power decreases as the flow of 200# steam increases through M4.   

Pre-Retrofit Equipment and Operation 

All of the 600# and many of the 200# steam traps were observed to be leaking steam directly into their 

respective condensate return lines. Leakage of 600# steam meant less steam available at the turbines (M3) 

to generate power. Leakage of the 200# steam meant more steam required from the 200# steam extraction 

port (M4), resulting in a reduction in turbine efficiency. Moreover, steam leaking from the traps into the 

condensate system caused the pressure in the deaerator to rise to 14#, which had the effect of exerting 

back-pressure on the 3# steam line serving the dearator and effectively blocking the flow of 3# steam into 

the deaerator.  

Installed Equipment and Operation 

By repairing the failed steam traps, more 600# steam is available to drive the turbines, less 200# steam is 

required to be extracted, and the back-pressure on the 3# steam line serving the deaerator is removed. 

This change in flow regime allows the turbines to more efficiently generate more electricity during all 

hours of operation. Even though the 3# steam flow to the deaerator was not quantified, the evaluators 

agree with TA’s assumption that this flow should increase because repairing the steam traps would result 

in reduced deaerator pressure. The observed reduction in total 3# steam flow may appear to refute this 

conclusion, however, some portion of the baseline 3# steam flow served HVAC reheat coils. A reduction 

in these loads may have influenced the overall change between the baseline and installed case flows. 

TRACKING ANALYSIS 

Tracking Calculation Methodology 

The TA assumed that all the steam saved through the repair of the cogeneration plant’s steam traps would 

be used to produce electricity, and that this increase in electrical production would translate directly to 

grid savings. The TA’s calculation approach was a three-step process predicated on a year of semi-weekly 

pre-retrofit data (December, 2009 through November, 2010) and a detailed inventory of the replaced 

traps.  The TA’s approach is outlined here and discussed in detail in the appendix. 
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1. Estimate the Increase in STG-7 Electrical Output associated with eliminating the back-pressure 

on its 3# Extraction Port 

a. Boiler Feedwater Flow - Using the semi-weekly logged data, estimate the overall 

quantity of feedwater flowing to the boilers out of the deaerator in the pre-retrofit case. 

Feedwater flow is calculated as 106% of the total steam flowing into the three turbines. 

b. Reintroduction of 3# Extraction Flow – Assuming that the feedwater flowing out of the 

dearator in the pre-retrofit case remains the same for the proposed case, calculate the 

quantity of STG-7’s 3# extraction steam that should be expected to resume flowing into 

the deaerator after the traps have been repaired and the back-pressure on the deaerator has 

been removed. 

c. Increase in 600# Throttle Flow – Assume that the increase in STG-7’s 3# extraction flow 

results in an equal increase in STG-7’s 600# throttle flow (kpph). 

d. Increase in STG-7 Electrical Output (kW)- Using the nomograph of Figure 23, for each 

data interval, estimate the increase in kW output corresponding to the increase in 3# 

extraction flow (assumed equal to 600# throttle flow) calculated above. 

e. Increase in STG-7 Electrical Output (kWh) – Multiply the average of the kW output 

values calculated above, including zero values when the turbine was not running, by 8760 

hours to obtain the increase in STG-7’s annual kWh output. 

f. STG-7 Sensitivity to Change in Flow Regime (kWh/kppy) – Divide the increase in STG-

7’s electrical output (kWh) by the increase in STG-7’s 600# throttle flow (kppy) resulting 

from the elimination of back pressure on STG-7’s 3# extraction port. 

2. Extrapolate the Increase in STG-7 Electrical Output to an Increase in Plant Electrical Output 

a. Fuel Gas Savings resulting from Trap Repair – Apply the utility’s proprietary calculation 

tool to estimate the annual quantity of fuel gas that could be saved by repairing the traps. 

b. Increase in 600# Steam - Assuming that all the fuel gas that could be saved annually is 

instead fed to the boilers to generate more steam, and assuming a nominal value for boiler 

efficiency, calculate the corresponding increase in 600# boiler steam production. 

c. Increase in Plant Electrical Output - Estimate the overall increase in plant electrical 

output by multiplying STG-7’s sensitivity (kWh/kppy) calculated above (Step 1f) by the 

increase in 600# boiler production (Step 2b). 

3. Equate the Increase in Plant Electrical Output to Grid Savings 

Evaluator’s Observations 

Pertaining to steps 1a and 1b above, Figure 2 and Figure 3 show the actual 3# extraction flow profiles for 

the pre-retrofit and installed case. The overall average 3# extraction energy flow in the installed case 

dropped roughly 10% compared to the pre-retrofit case. This is in contrast to the average 60% increase 

the TA predicted would occur as a result of eliminating the back-pressure on the 3# valve serving the 
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dearator. This brings into question the fundamental premise underlying the tracking approach discussed 

above, which is that the turbines’ electrical output should be expected to increase as a result of the 

combined effects of a large increase in the 600# steam mass flowing into them and an equally large 

increase in 3# steam mass flowing out.  

Figure 2: 2009 3# Header Inflows 

 

Figure 3: 2011 3# Header Inflows 

 

Second, the tracking analysis assumed that the changes in flow regime in the steam plant would be 

manifested at STG-7 only. The TA applied all the predicted changes in 600# and 3# steam flow to the 

performance nomograph for STG-7 to estimate the overall effect on turbine electrical output, when in 

fact, since two STG’s are practically always running, STG-7 should only see half of the change in 600# 

flow, and another one of the other STG’s should see the other half (assuming both are operating at the 
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same part load).  Only STG-7 should see the change in 3# flow since it is the only STG with a 3# 

extraction port. 

Third, evaluators found an error in the turbine sensitivity (kWh/kppy) calculated by the TA in step 1f. The 

denominator term (kppy) was calculated as the overall average increase in 3# extraction flow when STG-7 

was running. The numerator term (kWh), on the other hand, was calculated based as the overall average 

increase in STG-7 electrical output regardless of whether the turbine was running.  Since the increase in 

turbine output was zero when the turbine was not running, this meant that the calculated overall average 

kWh was smaller than it should have been.  The TA calculated the turbine sensitivity to be 54.3 

kWh/kppy. The corrected value is 73 kWh/kppy, about 34% higher. 

Fourth, the data used by the TA for the tracking analysis was obtained after the trap replacement was 

underway. Based on data provided in the TA’s report, in December of 2009, at the onset of the period 

over which step 1 of the TA’s analysis was performed, 15% of the traps, weighted by the TA’s presumed 

leakage rate, had already been replaced. By the end of November, 2010, the end of the TA’s analysis 

period, more than 60% of the trap leakage had been fixed.  This means that the TA applied numbers to 

regions of the nomograph where the turbine was not actually operating. 

Fifth, the tracking approach assumes no change in 200# extraction flow, as if the loads on the 200# header 

would not be impacted whatsoever by the trap replacement project.  This should not be the case, since 

leakage through the 200# traps represents a load on the 200# header downstream of the 200# extraction 

ports on all three STG’s. 

Sixth, it is unknown precisely the extent to which STG-7’s nomograph represents as-found conditions.  

Electrical output is sensitive to changes in 600# throttle flow and 3# and 200# extraction flow, but the 

sensitivity is a function of age, maintenance, and load.  For example, the tracking analysis calculated the 

increase in STG-7’s electrical output by subtracting the actual logged kW output under the pre-retrofit 

regime from the output predicted by the nomograph under the proposed flow regime.  This is significantly 

less than what is found by subtracting the output kW predicted by the nomograph under the pre-retrofit 

regime from the output predicted under the proposed regime. In other words, the nomograph output 

appears to be more sensitive to changes in flow regime than the owner’s logged data bears out. 

In sum, with respect to Step 1 of the tracking analysis, it appears that the predicted changes in flow 

regime at the 3# extraction port were not realized.  Moreover, the steam savings that was predicted was 

assumed to impact the plant’s electrical generating performance in a manner not optimally reflective of 

the plant’s actual operating conditions. 

With respect to Step 2, in which the TA estimated the pre-retrofit trap losses, it is evident that the TA 

assumed “full blow by” for all the traps.  Evaluators did not undertake to assess the probabilities 

associated with different modes of failure for the pre-retrofit traps. While the equation used in the Custom 

Express workbook is not precisely known, it can be assumed that trap loss is a power function of orifice 

size, as shown in Figure 4, which is taken from a “Federal Technology Alert” issued by the Federal 

Energy Management Program (FEMP) entitled, Steam Trap Performance Assessment.  This same 

reference also states the following:  

“The maximum steam loss rate occurs when a trap fails with its valve stuck in a fully opened 

position. While this failure mode is relatively common, the actual orifice size could be any 
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fraction of the fully opened position. Therefore, judgment must be applied to estimate the 

orifice size associated with a specific malfunctioning trap. Lacking better data, assuming a 

trap has failed with an orifice size equivalent to one-half of its fully-opened condition is 

probably prudent.”   

In other words, if the steam savings curves shown in Figure 4 represent quadratic functions of orifice size, 

for example, then the leakage of a trap that is stuck “half open” should only be expected to be roughly a 

quarter  of the leakage of the same trap when it is stuck in “full blow by”.  “Half-open” is considered a 

reasonable conservative estimate, according to FEMP.  This is corroborated by the TA’s own calculation 

tool (i.e., the utilities Custom Express Tool), which indicated that the savings estimated at this site, where 

all traps are assumed to be in “full blow-by”, was higher than what would be expected based on the site’s 

overall usage.  Moreover, another version of the calculation tool was found among the project documents 

that applies the “full blow by” assumption to only the 600# traps (presumably since they were not 

designed to operate at 600#) and “partial blow by” to all the 200# traps.  Comparing this version with the 

one that was used to support the tracking analysis (found in the TA’s Post-Installation Report), it appears 

that the savings associated with fixing a trap stuck in partial blow-by is 75% of the savings associated 

with fixing a trap stuck in full blow-by, according to the trap savings calculation tool.   

Figure 4: Energy Loss from Leaking Steam Traps 
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EVALUATION ANALYSIS 

Evaluation Calculation Methodology 

Like the TA, evaluators assumed grid savings to be equivalent to the associated increase in plant electrical 

output. However, where the TA estimated the increase in plant output by comparing logged data for the 

pre-retrofit case with assumed data for the installed case, evaluators calculated the increase in plant output 

by comparing pre-retrofit logged data from prior to August 2009 with installed-case logged data from 

2011. 

Evaluators approached the analysis first by endeavoring to clearly understand the derivation and meaning 

of the daily logged data, then formulating a means for assessing the overall change in turbine electrical 

output associated with the reduction in trap losses. 

Savings Formulation 

It is possible to separate the impacts of the steam trap repairs from any boiler or turbine projects that may 

have occurred during the evaluation period.  By including the impact of the high pressure PRV on the 

600# and 200# headers, and the impact of the low pressure PRV on the 200# and 3# headers, evaluators 

created and analyzed three control volumes, here forward referenced simply as the “600# Header”, the 

“200# Header”, and the “3# Header”. These three control volumes are depicted in Figure 5, Figure 6, and 

Figure 7, respectively, in terms and symbols similar to those used in Figure 1, but with the addition of the 

two PRV sub-systems, the “Unaccounted” flow from the 200# header, and the respective “Error and 

Loss” components. Arrows have been added to indicate the direction of energy flowing into or out of the 

control volume.  The “Gear Test Stand” end-use, which is shown as an outflow from the 600# header in 

Figure 1, has been deleted here since it registered no flow during the three year logging period.  Flow 

meters are shown to indicate where mass flow is physically monitored. Note in Figure 7 that even though 

a meter is shown serving the 3# auxiliary load (consistent with Figure 1), the owner’s data reflected that 

the Aux flow was not measured but inferred from the difference between the total mass flowing into the 

header and the mass flowing to the heating load.  Moreover, since the owner assumed that the enthalpy of 

the mass flowing in was equal to the enthalpy flowing out, the owner’s data reflected also that the steam 

being delivered to the 3# auxiliary load represented exactly the difference between the overall steam 

energy flowing into the 3# header and 3# steam energy serving the heating load. 
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Figure 5: 600# Header One-Line Diagram 

 

Figure 6: 200# Header One-Line Diagram 

 

Figure 7: 3# Header One-Line Diagram 

 

The depiction for the 600# Header is simplified in Figure 8, where “Inferred” incorporates all the energy 

flows that are not directly measured, including the auxiliary loads and the trap losses. The 200# Header is 

similarly simplified in Figure 9, with the exception that the inferred energy flow does not include the 

auxiliary flows.   
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Figure 8: Simplified 600# Header 

 

Figure 9: Simplified 200# Header 

 

However, as shown in Figure 10, the 200# inferred flow trend tracked very closely with the “4-inch Aux” 

flow, which plant operators explained served the plant’s oil heating system.  This flow is one of several 

auxiliary loads measured at meter M9a shown in Figure 1. Given this finding, and in the interest of 

normalizing the inferred energy flows for the 200# Header in a manner consistent with the 600# Header 

(in which the 600# aux flows are inherently included in the inferred flows, and together accounted for all 

the parasitic flows associated with the 600# Header), evaluators concluded that the 200# aux flows should 

be included with the 200# inferred flows in assessing the 200# trap savings.   

In this manner evaluators assumed that trap losses would be found by analyzing the changes in the 

parasitic flows associated with the respective headers (without this step no trap savings could be detected 

on the 200# Header), where the parasitic flow at each header represents the sum of the auxiliary and the 

inferred energy flowing out of the respective header. 

Figure 10: Correlation between 200# Inferred Energy Flow and 4” Aux Energy Flow 
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The parasitic energy flows associated with the 600#, 200# and 3# headers are shown chronologically in 

Figure 11 for 2009 and Figure 12 for 2011.  Note that the parasitic flows associated with the 200# Header 

are more than an order of magnitude greater than that of the 600# Header. This is due to the relatively 

large amount of flow serving the 200# auxiliary loads.  

Figure 11: 2009 Parasitic Energy Flows 

 

Figure 12: 2011 Parasitic Energy Flows 

 

Evaluators generated regression models of the 600#, 200# and 3# parasitic loads as linear functions of the 

respective overall end-use load on their respective headers.  For the 600# and 200# models the header’s 

input flow was assumed to serve as a proxy for its respective end-use load.  For the 3# model the total 

600# boiler output (equal to the 600# header input) was assumed to serve as a proxy for its end-use load. 

The 2009 model for 600# parasitic flow is shown in Figure 13 with its 90% confidence and prediction 
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intervals.  The 2011 model for 600# parasitic flow is shown in Figure 14.  The corresponding 200# 

parasitic flow models are shown in Figure 15 and Figure 16, and the corresponding 3# models are shown 

in Figure 17 and Figure 18. Note that in general on all three headers both the parasitic flows and 

respective input flows were higher on average in 2009 than in 2011. 

Figure 13: 2009 Model of 600# Parasitic Flow  

 

Figure 14: 2011 Model of 600# Parasitic Flow  
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Figure 15: 2009 Model of 200# Parasitic Flow 

 

Figure 16: 2011 Model of 200# Parasitic Flow 
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Figure 17: 2009 Model of 3# Parasitic Flow 

 

Figure 18: 2009 Model of 3# Parasitic Flow 

 

Given these regression models, and assuming nothing happened to impact the performance of the headers 

between 2009 and 2011 except the trap replacement project, evaluators then calculated the steam savings 

associated with each header as the average difference between the results given by the 2009 and 2011 

parasitic flow models using 2011 data as the input. 

To then calculate how these steam savings translate to electrical energy savings, evaluators first 

developed a linear regression model for the daily average electrical output of the turbines in 2011 as a 

function of the daily average throttle inflows, 200# extractions, and 3# extractions.  The results of this 

regression are shown in Figure 19.  The slope of this regression model reveals a bias in the model which 

results in a tendency to under-predict the turbine output.  The overall error associated with this bias, 
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calculated in terms of the net determination bias error (NBE), is -0.16% of the average of the measured 

values. 

Figure 19: Turbine Electrical Output Model 

  

Note that the dependent variable in this regression is in units of daily total capacity (MWH/Day), unlike 

the nomograph applied by the TA (shown in the appendix in Figure 23) in which output is given in terms 

of instantaneous capacity (MW).  Moreover, the independent variables for this regression are in units of 

daily total steam energy flow (MMBtu/Day) and not instantaneous mass flow (kpph).  

Evaluators calculated the daily average electrical savings as the difference between the output of the 

turbine model using 2011 daily data, and the output using the same data but with the throttle flow 

decremented by the average difference calculated from the regression models shown in Figure 13 and 

Figure 14 (2.4 MMBtu/Day, or 0.1 kpph), the 200# extraction flow incremented by the average difference 

calculated from the regression models shown in Figure 15 and Figure 16 (67.6 MMBtu/Day, or 2.1 kpph), 

and the 3# extraction flow incremented by the average difference calculated from the regression models 

shown in Figure 17 and Figure 18 (13.3 MMBtu/Day, or 0.4 kpph).  

Figure 20, Figure 21 and Figure 22 depict the overlap of the 2009 and 2011 error bands for the 600#, 

200# and 3# models, respectively.  Note that in general on both headers as the input flow increases, the 

difference between the 2009 and 2011 parasitic flow models increases.  Figure 20 shows that when 

considering the overlap of the 90% confidence bands of the 2011 600# parasitic flow model with those of 

the 2009 model there is no statistical difference in parasitic flow between 2009 and 2011 until the input 

flow exceeds roughly 5,500 MMBtu/Day.  Similarly, Figure 21 and Figure 22 show that there is hardly 

ever any statistical difference between 2009 and 2011 200#  and 3# parasitic flows. 
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Figure 20: Confidence Intervals of 600# Parasitic Flow Models 

 

Figure 21: Confidence Intervals of 200# Parasitic Flow Models 
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Figure 22: Confidence Intervals of 3# Parasitic Flow Models 

 

Taking into account the systematic uncertainties associated with the confidence intervals in the parasitic 

energy flow models, as well as the random uncertainties associated with the mass flow data (nominally 

assumed to be 3% by the utility) and enthalpy data (nominally assumed to be 1% by evaluators), and 

assuming the errors associated with the turbine model to be negligible, the overall propagated uncertainty 

in the increase in turbine output is calculated to be 35%.  

Baseline Verification 

The TA’s Post-Installation Report contained before and after thermographic images of almost half of the 

inventoried traps.  Since evaluators were not allowed to take pictures during the site visit, the owner took 

photos on their behalf of several of the new traps, but these photographs have not yet been provided.   

During the site visit the owner indicated that the trap retrofit project began and ended in 2010.  However, 

according to the TA’s Post-Installation Report, the first trap replacement occurred in September of 2009.  

The owner indicated that the project was completed by the end of 2010, at which point, according to the 

report, roughly 70% (by mass flow) of the originally reported leaks had been repaired.  The inventory of 

traps that were shown in the TA’s Post-Inspection Report (dated September 2011) to have actually been 

replaced was applied to the trap savings calculation tool to generate the “final” gas savings number for 

step 2a of the TA’s analysis. 

The TA established the pre-retrofit turbine electrical output trend from data taken from a period of time 

beginning in December 2009 and ending in December 2010, during which time the actual trap leakage 

was undergoing a continuous gradual decline.  The TA then applied the flow data coincident with this 

time period to calculate the proposed case flow regime, which was then applied to the performance 

nomograph for STG-7 to calculate the proposed case electrical output.   

It is not known what the actual pre-retrofit trap leakage was.  As detailed in the appendix, the TA 

estimated a total of 70,845 kppy. This was found by applying the utility’s Custom Express trap savings 
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calculation tool to estimate the annual gas savings (MMBTU) that could be realized by repairing all the 

inventoried traps assuming they were all leaking at a rate of “full blow by”.  Actual steam leakage (kppy) 

was then calculated by dividing the projected gas savings by 1.11 MMBtuh/kpph, a value taken from 

historical plant performance and confirmed accurate by evaluators.  If all the traps were assumed to be 

leaking at “partial blow by” rather than “full blow-by”, then the pre-retrofit leakage would have been 

significantly less. 

Key Calculation Inputs 

 Pre-retrofit and installed case mass and energy flows into and out of the 600# header 

 Pre-retrofit and installed case mass and energy flows into and out of the 200# header 

 Installed case mass and energy flows into and out of the three steam turbines 

Evaluation Data Collection 

The owner provided Excel workbooks of logged and calculated daily average data for a timeframe 

extending from January, 2009 through November, 2011.  These data are summarized in Table 3Error! 

Reference source not found..  The pre-retrofit time period was assumed to begin January, 2009 and last 

through August, 2009.  The installed case time period was assumed to begin January, 2011 and last 

through November, 2011. 
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Results 

The evaluation estimated an average increase in turbine electrical output of 140 kW, which equates to an 

annual energy increase in turbine output of 1,230,350 kWh and represents a tracking realization rate of 

32.0%.  Table 3 summarizes the evaluated increase in turbine electrical energy generation, which, for this 

application, is equated to savings in demand and consumption from the grid. 

Table 3: Overall Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings 
Evaluated % of 

Tracking 

Annual Energy, kWh 3,849,196 1,230,350 32.0% 

Percent Energy On-peak 46% 46.4% 101% 

Summer On-Peak kW 439 140 32.0% 

Winter On-Peak kW 439 140 32.0% 

Reasons for the substantial difference between the evaluation results and the tracking estimate are due to 

differences between the predicted steam flow changes assumed in the tracking estimate as opposed to 

those obtained from measured data available for the evaluation.  While the TA predicted an average 

increase of 8.1 kpph (70,845 kppy) in both 3# extraction flow and 600# throttle flow and no change in 

200# extraction flow, evaluators found a decrease of 0.4 kpph in 3# extraction flow (non-normalized), an 

increase of only 0.1 kpph in 600# throttle flow (normalized), and an increase of 2.1 kpph in 200# 

extraction flow (normalized).  These differences are shown in Table 4.   

Table 4. Comparison of Tracking and Evaluated Changes in Turbine Steam Flow Regime 

Overall Turbine Flows  Tracking 

Change (kpph) 

Evaluated 

Change (kpph) 

Evaluated % 

Difference from 

Tracking 

600# Throttle 8.1 0.1± 58% 98.8% 

200# Extraction 0 -2.1±36% NA 

3# Extraction 8.1 -0.4±111% -105% 

According to the owner’s logged data, the average non-normalized demand on the grid was 0.2 MW 

higher in 2011 than in 2009.  Moreover, the average non-normalized turbine output was 3.7 MW lower.  

Without the new steam traps, depending on the owner’s strategy for limiting grid demand, the 2011 

average demand would have been as much as 0.1 MW higher than it actually was, the turbine output 

would have been as much as 0.1 MW lower, or some combination of higher demand and reduced turbine 

output between these two limits. 
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APPENDICES 

Tracking Calculation Methodology 

The TA obtained operators’ semi-weekly pre-retrofit records for a period of one year starting in 

December, 2009.  These records included: 

 STG-5,6,7 Throttle Flow - M3 (kpph) 

 200# Extraction Flow – M4 (kpph) 

 3# Extraction Flow – M5 (kpph) 

 STG-7 Generator Output (MW) 

Approximately 25% of these records were missing, including all of August and September of 2010, and 

most of October. In addition, the TA obtained general data about the average thermodynamic conditions 

of the condensate entering the deaerator and the feedwater leaving, which the TA applied equally to the 

pre-retrofit and the proposed case.  The TA also obtained a detailed inventory of the steam traps affected 

by the project. 

Estimate the Increase in STG-7 Electrical Output associated with eliminating 

the back-pressure on its 3# Extraction Port 

Pre-Retrofit Feedwater Flow  

The TA estimated the pre-retrofit feedwater flow for each bi-weekly logged interval by multiplying the 

sum of the throttle flows of the three turbines by 1.05 to account for an assumed quantity of makeup 

water.  Assuming flow to be zero during those logged intervals where data was missing, the TA 

calculated the average feedwater flow for the pre-retrofit period to be 102 kpph. 

Proposed Reintroduction of STG-7 3# Extraction Steam Flow 

The TA applied an energy balance equation on the deaerator to predict what the flow should be from 

STG-7’s extraction port in the proposed case.  This was done by multiplying the estimated pre-retrofit 

feedwater flow by the ratio of the enthalpy difference between the leaving and entering water to the 

enthalpy difference between the entering 3# steam and the leaving water. This calculation resulted in an 

average proposed flow of 16.3 kpph from STG-7’s 3# extraction port (compared to zero flow in the TA’s 

pre-retrofit case). 

Proposed Increase in STG-7 Throttle Flow 

The TA assumed for the proposed case that STG-7’s throttle flow (M3) would increase by exactly the 

amount by which STG-7’s 3# extraction steam flow increased (16.3 kpph).  Applying this value to 8,760 

hours in a year, the TA then estimated the annual increase in STG-7’s throttle flow to be 143,559 kppy. 
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Proposed Increase in STG-7’s kW Output 

Assuming for the proposed case that the 200# extraction flow from STG-7 would be unchanged, for each 

logged pre-retrofit interval the TA estimated the generator output (kW) for the proposed case by applying 

the proposed case throttle flow and extraction flow to the customer’s nomograph of Figure 23.  The 

overall average increase in generator kW for the proposed case was then assumed to equal the average of 

the differences between the proposed case generator kW and the pre-retrofit generator kW at each interval 

over the course of the pre-retrofit year. For those intervals where data was missing the TA assumed the 

increase in generator kW would be zero.   

Proposed Increase in STG-7’s Annual kWh Output 

The annual increase in generated energy (kWh) for the proposed case was then calculated by multiplying 

the proposed increase in generator output (kW) by 8760 hours. In this manner the TA estimated that the 

generator output would increase by 890 kW, and the annual increase in generated energy would be 

7,799,965 kWh.   

Proposed STG-7 Sensitivity to Changes in Flow Regime 

STG-7’s sensitivity under these conditions was then calculated as the ratio of the proposed annual kWh 

output to the proposed annual increase in 600# throttle flow (i.e., 3# extraction flow).  This sensitivity 

was calculated to be 54.33 kWh/kppy. 

Extrapolate the Increase in STG-7 Electrical Output to an Increase in Plant 

Electrical Output 

To calculate the gas savings associated with the trap repair the TA applied the data from the customer’s 

trap inventory to the utility’s trap savings spreadsheet tool.  This spreadsheet is shown in Figure 24. Note 

that all the traps were identified as operating in “full blow-by” prior to the retrofit. The equations are 

hidden and protected from being revealed, so it is uncertain precisely how these heat loss numbers were 

derived.  The overall annual gas savings was estimated in this way to be 786,376 therms (78,637.6 

MMBtu). 

Proposed Overall Increase in Turbine Throttle Flow Resulting from Gas Savings 

The TA calculated the overall increase in boiler output (turbine throttle flow) by dividing the annual gas 

savings by a boiler performance factor of 1.11 MMBtuh/kpph, which was estimated from historical data.  

In this manner the TA estimated the increase in throttle flow for all the turbines to be 70,845 kppy.  

Proposed Increase in Plant kW and kWh Generation 

The average annual increase in plant electrical output was assumed to equal the product of the proposed 

overall increase in turbine throttle flow (boiler output of 70,845 kppy) to the sensitivity calculated for 

STG-7 under the conditions presumed above (54.33 kWh/kppy). This calculation resulted in a proposed 
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increase in annual plant electrical output of 3,849,196 kWh, which, when divided by 8760 hrs, converts to 

an increase in plant output of 439 kW. 

Equate the Increase in Plant Electrical Production to Utility Savings 

Demand savings equals 439 kW and annual energy savings equals 3,849,196 kWh. The nomograph of 

Figure 23 shows the relationship between flow rates for the different steam pressures (M3, M4 and M5 of 

Figure 1 in the body of the report) and electricity generated by STG-7. The nomograph is entered with the 

flow rate of 600# steam in kpph. A horizontal line is followed from that value to the first set of curves, 

which represent different flow rates of 200# steam (M4 in Figure 1 in the body of the report) in pph. The 

purple (lower) line in the nomograph represents the 110 kpph 600# flow of the pre-installation case while 

the green (upper) line represents the 600# flow rate of the installed case. Because both of these lines 

intersect the 40 kpph lines representing the 200# flow rate, there appears to be no assumption of repairs to 

the 200# steam traps in this representation of pre-retrofit and installed case conditions. 

From the intersection of the horizontal 600# flow line and the 40 kpph 200# line, vertical lines drop to the 

200# reference line (third line up in the set of 200# lines). From there, each line is extended horizontally 

to the set of curves representing the flow of 3# steam for each case. In the pre-retrofit case, the 

intersection is with the zero-flow line while the installed-case line intersects the 20 kpph line, the 

difference between the values these lines represent reflecting the difference in 3# steam flow between the 

two cases. From the respective intersecting points, the lines are dropped to the horizontal axis, which 

represents the amount of electricity generated for each case. The pre-retrofit and installed case lines fall to 

the left and right of 8.5 MW, respectively. The difference between the two generation values represents 

the increase in electric power due to the steam trap repairs which was reported as 439 kW.
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Figure 23: Nomograph Relating 600#, 200# and 3# Steam Flow Rates to Electric Power Generation for STG-7 
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Figure 24: Inventory of  Repaired Leaks 
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Application ID: NGRID 591663 

Measure Category: Other 

Project Type: Retrofit 

Summary 

This measure installs new controls on existing evaporator fans in a walk-in cooler.  These new controls 
include a time clock operation and temperature sensors to cycle the fans. 

Table 1 below summarizes the energy and demand savings achieved by this project. The evaluation 
savings of 3,942 kWh is 166% of the tracking estimate. Summer on-peak demand savings are 34% less 
than the tracking estimates and winter on-peak demand savings are 2% less than anticipated.  The 
increase in savings was the result of the evaporator fans running fewer hours in the controlled, post-
condition than proposed.  

Table 1:  Summary of tracking and evaluation savings results 

Savings Quantity Tracking 
Estimate 

Evaluation 
Estimate 

Evaluation / 
Tracking 

Annual Energy (kWh) 2,380 3,943 166% 
% Energy Savings On-Peak 47.0% 42.5% 90% 
Summer On-Peak Demand (kW) 0.54 0.36 66% 
Winter On-Peak Demand (kW) 0.54 0.53 98% 

Project Description 

This project installs an interval timer to control two constant speed 1/15 HP evaporator fans in an existing 
walk-in cooler.  The walk-in cooler is used at this farm to house and age cheese produced at this location.  
The cooler is built into a hillside and has several feet of sod roof and side walls providing insulation.  A 
small prep room is outside the entrance to the cooler.  This room is where the product is weighed and 
packaged. The evaporator fans are each rated at 2.1 amps, 115 volts, and a 75% power factor. These fans 
operate continuously [8,760 hours] in the baseline. 

An interval timer was installed to control the evaporator fan operation.   The timer will be tied into the 
control circuit and monitor the operation of both the fans and compressor.  The evaporator fans will come 
on with the compressor and remain on for a set interval after the compressor shuts off.  The timer will 
then enable the fans once every 15-minutes after the compressor shuts down to prevent air stratification.   

KEMA, Inc. June 2013 1 
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Tracking Analysis 

Tracking Calculation Methodology 

Annual energy savings are calculated in an Excel spreadsheet using nameplate data for the evaporator 
fans.  The baseline fan power is calculated as: 

 

𝑘𝑊ℎ𝑏𝑎𝑠𝑒𝑙𝑖𝑒𝑛 =
𝑣𝑜𝑙𝑡𝑠 𝑥 𝑎𝑚𝑝𝑠 𝑥 𝑝𝑓 𝑥 𝑞𝑢𝑎𝑛𝑡𝑖𝑡𝑦

1000
𝑥 ℎ𝑜𝑢𝑟𝑠 

where: 

kWhbaseline = annual baseline fan electric consumption 

Volts = voltage 

Amps = amperage 

pf = power factor 

Quantity = number of evaporator fans 

1000 = 1,000 watts per kW 

Hours = 8,760 annual operating hours 

As noted above, the evaporator fans ran continuously.  The new interval timer is expected to reduce fan 
operation by 50%.  The kWhbaseline is multiplied by 50% to obtain the annual fan savings for this measure. 

𝑘𝑊ℎ𝑓𝑎𝑛𝑠 =  𝑘𝑊ℎ𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑥 50% 

where: 

kWhfans = annual fan kWh savings 

kWhbaseline = annual baseline fan electric consumption 

50% = annual reduction in fan operation 

KEMA, Inc. June 2013 2 
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The evaporator fans are located in the walk-in cooler.  The reduction in fan operation also reduces the 
waste heat from the fans in the cooler box.  Additional energy savings are obtained from eliminating this 
load on the compressor.  The existing compressor efficiency is estimated at a 2.0 COP. 

𝑘𝑊ℎ𝑟𝑒𝑓𝑟𝑖𝑔𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =
𝑘𝑊ℎ𝑓𝑎𝑛𝑠
𝐶𝑂𝑃

 

where: 

kWhrefrigeration = annual refrigeration electric savings  

kWhfans = annual fan kWh savings 

COP = refrigeration system coefficient of performance 

Total annual savings are the sum of the fan savings [kWhfans] and the refrigeration savings [kWhrefrigeration]. 

Summer and winter demand savings are calculated using the total annual kWh savings and the proposed 
annual operating hours. 

𝑘𝑊𝑑𝑒𝑚𝑎𝑛𝑑 =
𝑘𝑊ℎ𝑡𝑜𝑡𝑎𝑙

𝑎𝑛𝑛𝑢𝑎𝑙 ℎ𝑜𝑢𝑟𝑠 𝑥 50%
 

where: 

kWdemand = summer and winter demand savings 

kWhtotal = annual fan and refrigeration electric savings 

annual hours = baseline operating hours 

50% = annual reduction in fan operation 

The percentage of energy savings occurring during energy peak periods is calculated using the ratio of 
savings during peak periods to total energy savings.  The tracking analysis reported 46.6% on-peak 
savings, which is the ratio of total peak hours to total annual hours. 

Discussion of Tracking Analysis 

The savings calculations in the TA report use nameplate data from the existing evaporator fans, an 
estimated efficiency for the refrigeration compressor, and operating hours identified during that site visit.  
This approach provides an accurate snapshot of potential savings including interactive savings from the 

KEMA, Inc. June 2013 3 
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compressor.  The TA report noted that the reduction in annual operating hours was difficult to predict.  A 
50% reduction in operation was selected but that value was subject to change. 

The percentage of energy savings occurring during energy peak periods is calculated using on the ratio of 
savings during peak periods to total energy savings.  The tracking analysis reported 46% on-peak savings, 
which is the ratio of total peak hours to total annual hours.  The summer and winter peak demand savings 
are calculated using by dividing the annual kWh savings by the annual operating hours and the 50% 
operational reduction. 

Baseline Validity 

The data used in the tracking analysis is consistent with equipment of this size.  Continuous evaporator 
fan operation is common with small refrigeration system.  The selected baseline is appropriate. 

Evaluation Methodology 

It was not possible to install an Elite power logger to monitor fan operation.  The electrical panel was too 
small to house the logger and there were no other electrical panels feeding this load.  A time-of-use logger 
was installed on the evaporator fan circuit.  This logger provides the percentage of time the evaporator 
fans were on during the monitoring period.  Instantaneous power measurements were also taken during 
the logger installation and retrieval site visits.  These instantaneous power readings were averaged 
together and represent the power consumed by the evaporator fans.  These are constant speed fans and the 
instantaneous power measurement is indicative of operation at any time during the year. 

Monitored data from the time-of-use logger was converted into average hourly operational values.  These 
values are unique for each hour of the day and each day of the week.  A “typical” weekly operating 
schedule was created from the data.  That schedule is provided in the Table 2  below. 
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Table 2:  Weekly Operating Schedule 

 

This weekly data is used as a lookup table that provides a unique value for each hour of the week.  
Savings calculations are performed in an 8,760-hour spreadsheet.  The instantaneous power measurement 
is multiplied by the percentage of hourly operation to estimate fan power for each hour in the weekly 
profile.  This calculated power is subtracted from the verified baseline kW for the fans to calculate hourly 
savings.  The savings for each hour are summed to calculate annual savings.  Summer and winter peak 
demand savings are generated for the hours in those periods using the unique hourly values. 

Evaluation Data Collection 

The make, model, and specifications of existing evaporator fans and refrigeration compressor were 
confirmed during the site visit.  The refrigeration controller was also located.  The baseline conditions 
were discussed with the site contact. 

The walk-in cooler is used at this farm to house and age cheese produced at this location.  The cooler is 
built into a hillside and has several feet of sod roof and side walls providing insulation.  A small prep 
room is outside the entrance to the cooler.  This room is where the product is weighed and packaged. 

Hour Sun Mon Tue Wed Thu Fri Sat
1 0.22 0.09 0.07 0.11 0.12 0.11 0.18
2 0.09 0.11 0.05 0.07 0.03 0.01 0.01
3 0.00 0.00 0.00 0.00 0.00 0.02 0.00
4 0.22 0.22 0.20 0.20 0.20 0.22 0.22
5 0.08 0.11 0.19 0.17 0.14 0.12 0.20
6 0.04 0.03 0.01 0.00 0.00 0.08 0.00
7 0.04 0.00 0.00 0.00 0.01 0.19 0.00
8 0.25 0.22 0.26 0.28 0.42 0.52 0.24
9 0.55 0.54 0.52 0.56 0.60 0.54 0.53
10 0.27 0.35 0.30 0.40 0.40 0.34 0.25
11 0.32 0.33 0.39 0.43 0.42 0.43 0.36
12 0.27 0.27 0.29 0.35 0.31 0.32 0.36
13 0.50 0.44 0.43 0.45 0.47 0.48 0.38
14 0.35 0.33 0.27 0.38 0.38 0.42 0.30
15 0.36 0.37 0.33 0.47 0.47 0.54 0.40
16 0.26 0.37 0.20 0.34 0.35 0.35 0.32
17 0.34 0.41 0.29 0.44 0.37 0.49 0.44
18 0.13 0.15 0.13 0.08 0.15 0.11 0.12
19 0.09 0.01 0.01 0.00 0.09 0.00 0.13
20 0.20 0.22 0.20 0.25 0.26 0.20 0.27
21 0.13 0.12 0.24 0.15 0.10 0.17 0.15
22 0.05 0.04 0.03 0.01 0.08 0.07 0.06
23 0.00 0.00 0.00 0.00 0.03 0.00 0.01
24 0.22 0.20 0.20 0.20 0.20 0.22 0.22

Site Average Hourly Operating Percentage
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Access to the cooler is sporadic with the heaviest entry occurring when new cheese is produced and when 
existing product is removed for sale.  There is no fixed production time schedule.  Cheese is made on a 
part time basis and is also reliant upon milking production.  This results in extended periods with little 
walk-in cooler activity.  

Evaluation Savings Analysis 

Annual savings were calculated using an 8,760 hour spreadsheet. The calculated power for each hour is 
derived from the typical weekly operating profile and instantaneous power measurement.  That value is 
subtracted from the verified baseline kW to obtain hourly savings.  Hourly savings are summed to 
generate the annual savings.  Summer and winter demand savings are calculated for the hours in those 
periods.  The fan electrical savings are converted to BTUs and then into tons of refrigeration.  This 
represents the waste heat reduction from the motor that is seen at the compressor.  The refrigeration tons 
are multiplied by the kW/ton efficiency of the compressor to estimate the electrical savings. Evaluators 
estimated the efficiency of the compressor based on manufacturer’s data.  The savings for day one of the 
analysis are provided in Table 3 below. 

Table 3: Calculation Spreadsheet 
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Verification of Equipment and Operating Parameters 

Table 4 below provides a comparison of the data that contribute to the calculated energy savings. 

Table 4:  Data Comparison 

Input Tracking Evaluation Eval/Tracking 

 Fan Motor Quantity 2 2 100% 
 Fan Motor HP 0.067 0.067 100% 
 Average Evaporator Fan kW 0.362 0.393 108.6% 
 Annual Operating Hours 4,380 1,905 43.5% 
 Refrigeration Compressor kW/Ton 1.758 1.630 92.7% 

The quantity of the existing evaporator fans matched the tracking documentation.  The instantaneous 
power readings found that they consume nearly 9% more power than anticipated.  Also, manufacturer 

Max 0.2 0.2 0.4 0.4 0.2 0.6
Min 0 0 0 0 0 0

Totals Totals 749 749 3,443 3,443 1,249 3,943
Worcester MA TMY3 Temps

Date Month Day

Day 
of 

Wk
OWB 
Temp

ODB 
Temp Hour Site kW

Site Total 
kW

Tracking 
kW

Total 
Tracking 

kW
Refrigeration 

Savings

Total 
kWh 

Savings
1/1/2011 Jan Sat 7 25 29 1 0.07 0.07 0.39 0.39 0.15 0.47
1/1/2011 Jan Sat 7 25 28 2 0.00 0.00 0.39 0.39 0.18 0.57
1/1/2011 Jan Sat 7 24 28 3 0.00 0.00 0.39 0.39 0.18 0.58
1/1/2011 Jan Sat 7 24 27 4 0.09 0.09 0.39 0.39 0.14 0.45
1/1/2011 Jan Sat 7 24 27 5 0.08 0.08 0.39 0.39 0.15 0.46
1/1/2011 Jan Sat 7 24 26 6 0.00 0.00 0.39 0.39 0.18 0.58
1/1/2011 Jan Sat 7 23 26 7 0.00 0.00 0.39 0.39 0.18 0.58
1/1/2011 Jan Sat 7 24 27 8 0.10 0.10 0.39 0.39 0.14 0.43
1/1/2011 Jan Sat 7 25 29 9 0.21 0.21 0.39 0.39 0.09 0.27
1/1/2011 Jan Sat 7 26 30 10 0.10 0.10 0.39 0.39 0.14 0.43
1/1/2011 Jan Sat 7 26 30 11 0.14 0.14 0.39 0.39 0.12 0.37
1/1/2011 Jan Sat 7 26 31 12 0.14 0.14 0.39 0.39 0.12 0.37
1/1/2011 Jan Sat 7 26 31 13 0.15 0.15 0.39 0.39 0.11 0.36
1/1/2011 Jan Sat 7 25 30 14 0.12 0.12 0.39 0.39 0.13 0.40
1/1/2011 Jan Sat 7 25 30 15 0.16 0.16 0.39 0.39 0.11 0.34
1/1/2011 Jan Sat 7 24 29 16 0.13 0.13 0.39 0.39 0.12 0.39
1/1/2011 Jan Sat 7 23 27 17 0.17 0.17 0.39 0.39 0.10 0.32
1/1/2011 Jan Sat 7 21 26 18 0.05 0.05 0.39 0.39 0.16 0.51
1/1/2011 Jan Sat 7 20 24 19 0.05 0.05 0.39 0.39 0.16 0.50
1/1/2011 Jan Sat 7 18 22 20 0.11 0.11 0.39 0.39 0.13 0.42
1/1/2011 Jan Sat 7 16 19 21 0.06 0.06 0.39 0.39 0.16 0.49
1/1/2011 Jan Sat 7 14 17 22 0.02 0.02 0.39 0.39 0.17 0.54
1/1/2011 Jan Sat 7 13 16 23 0.00 0.00 0.39 0.39 0.18 0.57
1/1/2011 Jan Sat 7 12 15 24 0.09 0.09 0.39 0.39 0.14 0.45
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data shows that the compressor is approximately 7% more efficient than the tracking estimate.  The TA 
noted that the 50% reduction in rum time was an estimate and actual fan operation would be dictated by 
the use of the cooler.  The monitoring period covered a 77-day span from the end of September to the 
beginning of December. The monitored fan operation shows lower cooler usage and fan operation than 
the 50% TA estimate.  Annualized fan usage is 44% of the anticipated usage. 

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 2,380 kWh.  The evaluation estimates 
annual energy savings to be 3,943 kWh, resulting in an annual energy savings realization ratio of 166%.  
The savings variance is primarily due to the decrease in annual operation of the evaporator fans and by 
the other factors noted above. 

The percentage of savings occurring during energy peak periods estimated in the tracking analysis is 
46.6% while the evaluation finds this value to be 42.5% resulting in a realization ratio of 90%. 

The summer demand peak reduction is estimated in the tracking analysis to be 0.54 kW.  The evaluation 
estimates the summer demand peak power reduction to be 0.36 kW, resulting in a realization ratio of 
66%. 

The winter demand peak reduction is estimated in the tracking analysis to be 0.54 kW, and the evaluation 
found this value to be 0.53 kW, resulting in a realization ratio of 98%. 

Summer and winter peak demand reduction is calculated in the TA with the 50% reduction in operation.  
It is assumed that the reduction is fixed over time.  The time-of-use logger found that use is not uniform 
across all hours.  Fan operation is a function of entry into the cooler which fluctuates over time.  The 
evaluation demand savings are a function of that varied usage. 
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SUMMARY 
This Energy Initiative project repaired the leaks in a compressed air system at a manufacturing facility. 
Table 1 summarizes the evaluation findings. The evaluated savings  is 27.8% of the tracking estimate; this 
is primarily attributable (48% of tracking estimate) to the determination that a lower percentage of leaks 
were successfully repaired than estimated by the TA. Lower annual operating hours and different 
compressor performance also factored into the reduced energy savings (10% and 14% of tracking 
estimate respectively) 

Table 1. Savings Summary 

Savings Quantity 
Tracking  
Estimate 

Evaluated  
Savings 

Evaluated % of 
Tracking 

Annual Energy, kWh           236,148            65,767                       27.8% 
Percent Energy On-peak              75%              67%               89.3% 
Summer On-Peak kW               36              10.6             29.4% 
Winter On-Peak kW               36              10.6             29.4% 

  

The key assumptions in the original tracking database were the annual operating hours (6,482 hrs), the 
percentage of identified leaks that would be successfully repaired (75%), and the compressor performance 
characteristic (5.13 CFM/kW). In this evaluation, SBW uses a more rigorous method to quantify the 
percentage of leaks repaired and the demand operating profile.  

As described below in the Project Description section, there were major changes made to the compressed 
air system at this facility between the time of the TA analysis and the evaluation; these changes required 
adjustments to the pre-retrofit conditions for the evaluation.  

The major changes made at the facility were recommended in the TA’s assessment.   However, rather 
than considering the cumulative effect of the all the changes together, the TA calculated the annual 
energy savings due to leak repairs independent from their other recommended changes. For example, the 
TA recommended dividing the compressed air system into two isolated systems, which by their own 
estimation would reduce the operating hours of one compressor by 70%; this alone would have reduced 
their energy savings estimate for leak repairs by 5%.  

 

PROJECT DESCRIPTION 
This Energy Initiative project repaired the leaks in a compressed air system at a manufacturing facility. 
The facility operates for three shifts per day, five days per week except holidays. The facility shuts down 
on weekends and also two days per year for maintenance.   
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Pre-Retrofit Equipment and Operation 
At the time of the TA study, the plant consisted of one Atlas Copco model GA50VSD with a capacity of 
330 CFM (at 105 psig) and one rented GA90VSD compressor with a capacity of 600 CFM (at 105 psig).  
The peak load served by these compressors was estimated to be around 900 CFM.  There were no dryers 
in the system.  System performance was estimated to average 5.13 CFM/kW. 

The system generally operated at 105 psig; however one of the production processes required 120 CFM at 
130 psig, so whenever it was scheduled to run, the system pressure setpoint was changed from 105 psig to 
130 psig and the balance of the air not used by the higher pressure load had to be throttled back down 
before being delivered to the lower pressure loads.  

The TA logged the current draw of the compressors for two weeks. The resulting load profile, shown in 
Figure 1 of the Appendix indicates that the system was 30% to 50% loaded for the majority of the time 
and was only fully loaded for a very small period of time. The TA used this data to arrive at their estimate 
of 6,482 annual operating hours.  

To improve overall plant performance the TA recommended various energy savings measures in addition 
to the leak repairs, all of which the owner implemented. The updated plant now features: 

• Two new Atlas Copco GA75VSD compressors to satisfy what the TA estimated to be about 680 
CFM of 105-psig loads.   

• The existing GA50VSD compressor, which is dedicated to providing approximately 120 CFM 
required by the 130-psig loads.   

• Plant re-piping so that the two systems now normally operate in isolation from one another, but 
can be easily tied together in the event of a compressor failure.   

• New filtration equipment and cycling refrigerated dryers. 

• A new 2000-gallon storage tank. 

Prior to installing new equipment and reconfiguring the system piping, the TA surveyed the facility to 
identify airflow leaks. A total of 77 leaks were identified and tagged for repair. It’s not clear from the 
project documentation  whether the leaks were repaired prior to or after reconfiguring the system piping. 

The application being evaluated here addresses only the savings associated with repairing the leaks.  It is 
not known if the customer submitted other applications to address the other measures. 

Because this evaluation addresses only the savings associated with the leak repair measure, the pre-
retrofit equipment for this evaluation shall be assumed to consist of the installed equipment (i.e. bulleted 
list above) with leaks yet to be identified and repaired.  

The two GA75VSD compressors, their storage tank, and the associated piping for the 105-psig end-users 
shall be referred to in this report as the LP (Low-Pressure) system. The GA50VSD compressor, its 
storage tank, and the associated piping for the 130-psig end-users shall be referred to as the HP (High-
Pressure) system. 
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Pre-Retrofit Case  

The TA analyzed data logged during non-production hours and found that the air demand 
during these hours was approximately 250 cfm, the majority of which could be attributed to 
leaks in the system.  

Using a UE Systems Ultraprobe 100 ultrasonic leak detection gun, the TA identified and tagged 77 
compressed air leaks. Upon determining the location of a leak, “the ultrasonic gun along with sound and 
feel” was used to determine its relative leakage rate. Leak types included threaded connections, valves, 
hoses, and hose couplings. Table 2 in the Appendix summarizes the leaks that were found, and their TA-
estimated leakage rates. Information has been redacted from this table that might be more revealing of the 
precise nature of the owner’s manufacturing application.  It should be noted that while the leaks shown in 
Table 2 all appear to be associated with end-use pressures of 105 psig or less, evidence from the redacted 
portion of the table clearly indicates that some of the leaks are actually associated with what became the 
HP system.  

In total, 249 CFM of leaks were detected. 230 CFM of the leaks were located in what is now the LP 
system. The remaining 19 CFM of leaks were located in what is now the HP system.  

 

TRACKING ANALYSIS  
Tracking Calculation Methodology 
To estimate the savings associated with repairing the leaks, the TA assumed that 75% of the known leaks 
would be successfully repaired. Demand savings was then calculated by simply dividing the assumed leak 
reduction (75% of 249 CFM = 187 CFM) by the TA’s estimate of the compressor performance at the time 
of their study (5.13 CFM/kW).  Annual energy savings was then calculated by multiplying the demand 
savings (36.4 kW) by the estimated operating hours (6,482 hrs).   

EVALUATION METHODOLOGY 
The evaluation savings are estimated by first estimating pre-retrofit (which includes new measures listed 
above) leakage rates for the HP and LP systems.  The installed leakage for the HP system is estimated 
based on an industry-standard equation that uses system pressure decay trend and system volume as 
inputs.  The percent of leaks repaired for the HP system was then determined, and assumed to be the same 
for the LP system.  The installed CFM demand was calculated using metered kW data and the compressor 
datasheets.  The pre-retrofit CFM was determined by adding the difference in pre-retrofit and installed 
leakage rates to the installed CFM.  Finally, the pre-retrofit demand profiles were determined using the 
pre-retrofit CFM values and the compressor data sheets.  Demand and energy savings were determined by 
taking the difference between the pre-retrofit and installed demand profiles.   

The TA’s report indicates that all 77 leaks were identified and quantified while the system was operating 
at 105 psig. The motive force driving the leaks is the absolute pressure in the system, so when the system 
operates at higher pressure the leakage rate will increase in direct proportion to the increase in system 
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absolute pressure. Pressure data logged by SBW shows that when fully pressurized, the HP system 
operates at an average pressure of 139.5 psig; and based on the elevation of the site (200ft above sea 
level) the ambient pressure at the site is 14.5 psia. Therefore, the HP system leakage rate quantified by the 
TA (19 CFM) was adjusted upward by multiplying by the ratio of the fully pressurized absolute pressure 
(139.5 psig + 14.5 psia =  154 psia) to the absolute pressure when the leaks were quantified by the TA 
(105 psig + 14.5 psia  = 119.5 psia). This results in a pre-retrofit HP system leakage rate of 24.5 CFM (19 
CFM x 154.0 psia/119.5 psia). 

Therefore, the evaluation used leakage rates for the pre-retrofit case as follows. 

• 24.5 CFM for the HP system  

• 230 CFM for the LP system 

 

Whereas system pressure trends were not logged in the TA’s pre-retrofit evaluation, for this evaluation 
the pressure in the HP system was logged every ten seconds, continuously from November 2nd through 
December 7th, 2012.  Leakage CFM was then calculated by applying the industry-standard equation 
shown in Equation 1. 

Equation 1: Leakage Equation 

CFM = 1.25 x (V x (P1 – P2)) / (T x Patm) 

where:  

CFM = average system operating leakage 

P1 = system pressure immediately prior to shut down (psig) 

P2 = ½ P1 (psig) 

T = time it takes following shut down for the system pressure to decay from P1 to P2 (minutes) 

Patm = atmospheric pressure (psia) 

V = total internal volume of system storage tank and piping (ft3) 

Table 5 in the Appendix provides the logged pressure data for 18 separate transient pressure shutdowns of 
the HP system during a five week period. The system pressurized volume is also listed in Table 5.   

The average leakage rate across the 18 shutdowns is 17.4 CFM with a maximum leakage rate of 21.2 
CFM and a minimum leakage rate of 12.4 CFM. There is a relatively wide range of leak rates across the 
18 shutdowns; this range could be the result of different end uses being left in different states, or it may 
be the result of leaks being repaired and/or new leaks starting up. Without a definitive means to determine 
the reason for the range in leakage rates, and because the evaluation is to look at the operations as they 
exist at the time of the data collection, SBW elected to use the average leakage rate of 17.4 CFM. 

Comparing the pre-retrofit case leakage rate of 24.5 CFM to the installed case leakage rate of 17.4 CFM 
indicates that 29 % of the pre-retrofit leaks were successfully repaired. 
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The evaluation team was unable to obtain system pressure trends for the LP system; therefore the leakage 
rate of the LP system was calculated by assuming that the same percentage of leaks were successfully 
repaired in the LP system as in the HP system (29%). This assumption is based on the fact that the HP 
and LP distribution systems were combined as a single system in the pre-retrofit case and can reasonably 
be assumed to have received the same level of maintenance prior to the leak repairs. So 230 CFM of pre-
retrofit leaks becomes 163.3 CFM for the installed case. In summary, the installed case system leakage is: 

• 17.4 CFM for the HP system 

• 163.3 CFM for the LP system 

The volumes of the LP system, tank and piping were not used in the evaluation because we were not able 
to obtain pressure decay data for the LP system. In most compressed air systems, determining the 
volumes of receivers and the main headers will account for the preponderance of the piping volume. 
While there may be many small (1/2” – ¾”) drops from the headers, the small diameters and generally 
shorter runs of these drops result in a relatively small contribution to system volume. If the volume of 
pipng in the HP system changed by 25%, the annual energy savings would change by 3%.   

For this evaluation, demand (kW) was logged for all three compressors (two GA75VSD compressors in 
the LP system and one GA50VSD compressor in the HP system) every 15 minutes continuously 
throughout the last half of October and all of November, 2012. A weekly demand trend was created for 
each compressor by averaging its demand for each hour of the week (i.e. hour 1 is defined as Sunday 
from 12:00am to 1:00am; hour 168 is Saturday from 11:00pm to 12:00pm). Figure 2 in the Appendix 
shows the average weekly demand (kW) of each compressor.  

Because the weekly demand of this facility is essentially constant for all seasons, an installed case annual 
hourly kW profile was created by populating all 52 weeks of the year with this same weekly demand 
profile.  The annual hourly profile accounts for six Holidays plus two other days when the facility is non-
operational. The profiles for the three compressors were then combined to obtain the overall annual 
installed case demand profile. 

A Compressed Air & Gas Institute (CAGI) part-load performance datasheet, for an operating pressure of 
125psig, was obtained for the GA75VSD compressor (see Figure 4 in the Appendix). The power levels 
from the CAGI datasheet were adjusted down (1% power for every 2 psi)  to reflect the LP system 
nominal operating pressure of 105 psig. This data was used to generate a regression equation for part-load 
CFM as a function of operating kW (see Figure 5 in the Appendix). The compressor performance 
characteristic represented by the slope of the line, 6.293 CFM/kW, will be referred to in this study as 
“specific power.”  A similar datasheet for the GA50VSD could not be found on the CAGI website; 
however, datasheets for the GA45VSD and GA55VSD (125 psig operating pressure) were available. 
SBW averaged the performance of the GA45VSD and GA55VSD and adjusted the power levels to reflect 
the HP system nominal operating pressure of 140 psig (see Figure 6 in the Appendix); the resulting 
compressor specific power is 5.095 CFM/kW.  

Figure 3 in the Appendix shows the average weekly load profile for each compressor. These profiles were 
calculated by applying the regression equations to the power demand profiles. The pre-retrofit annual 
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hourly CFM load profile for each system was calculated by adding the difference between the pre-retrofit 
and installed case leakage to the installed case operating CFM for the respective systems.   

The CAGI part-load performance sheet for each compressor was then used to generate a regression 
equation for part-load kW as a function of CFM. The annual hourly kW profile for each compressor was 
generated by applying to these equations the respective annual hourly CFM profile.  The profiles for the 
three compressors were then combined to obtain the overall annual pre-retrofit case demand profile. 

The impact of the new dryers and filters on pressure drop and compressor performance is assumed to be 
negligible. 

Key Savings Calculation Inputs 
 TA’s airflow leakage rates for pre-retrofit condition. 

 Trends of compressor power (kW) for all three compressors 

 Transient  pressure trend upon shutdown (psig) for the HP system 

 Lengths and diameters of piping runs and volume of storage tank for the HP system 

 CAGI part-load performance data for the GA75VSD, GA45VSD, and GA55VSD compressors 
(CFM, psig, and kW) 

Evaluation Protocol 
SBW visited the site to install metering and interview the facility staff about pre-retrofit and installed case 
system operation.  The on-site evaluator took photos of the compressed air system equipment, including 
nameplate data, and made measurements of the HP system piping. The on-site evaluator also spoke with 
the facility staff  member who worked on repairing the leaks which had been tagged by the TA. This staff 
member reported that all of the leaks were fixed. 

Evaluation Data Collection 
Evaluators collected the following data to establish the kW demand for all three compressors and pressure 
profiles for the HP system: 

Table 2. Equipment To Be Monitored 

Equipment/ 
Parameter Metered 

Compressor Power  
           (for 3 Compressors) 

System Pressure 
 (HP System) 

Measurement Variable(s) kW Psig 
Measurement Equipment Dent ELITEpro  PACE Pocket Logger 
Type of Measurement Equipment Four Channel Power Logger Four Channel Power Logger 
Installation of Monitoring Equipment Clamp-On CTs and Voltage taps Air pressure sensor 
Frequency of Observations 15 minutes, average  10 seconds, average  
Duration of Metering 6 weeks 5 weeks 
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Equipment/ 
Parameter Metered 

Compressor Power  
           (for 3 Compressors) 

System Pressure 
 (HP System) 

Metered by SBW/Electrician SBW 

 

RESULTS 
Subtracting the overall installed case kW profile from the overall pre-retrofit case kW profile gives the 
overall savings profile. This overall savings profile was then used to calculate the peak demand and 
annual energy savings. The annual energy savings is 65,767 kWh, which is 27.8% of what the TA 
estimated in their analysis.  

Peak demand savings were calculated using the definitions of peak demand periods as defined by 
National Grid.  

Table 3 summarizes the evaluation savings. 

Table 3. Evaluation Savings Summary 

Savings Quantity 
Tracking  
Estimate 

Evaluated  
Savings 

Evaluated % of 
Tracking 

Annual Energy, kWh           236,148            65,767                       27.8% 
Percent Energy On-peak              75%              67%             89.3% 
Summer On-Peak kW               36              10.6             29.4% 
Winter On-Peak kW               36              10.6             29.4% 

 

The reduction in energy savings between the tracking estimate and the evaluated savings is attributable to 
the following three factors. 

• The TA estimate assumed that the entire system (which is now separated into two systems: the LP 
and HP systems) would operate for 6,482 hours per year. The evaluation determined that the LP 
system operates for 6,050 hours while the HP system only operates 1,110 hours per year. This 
difference in operating hours accounts for  10% of the reduction in energy savings  

• The TA estimate assumed 75% of the total system leakage would be successfully repaired (i.e. 
187 CFM of leaks repaired). The evaluation found that only 29% of the total system leakage was 
successfully repaired (67 CFM repaired in the LP system and 7 CFM repaired in the HP system). 
This difference in leakage rate reduction accounts for 48% of the reduction in energy savings.  

• The TA assumed 5.13 CFM/kW as the specific power for all three compressors. The evaluation 
used specific power derived from the CAGI datasheets. This difference in compressor 
performance accounts for 14% of the reduction in energy savings.The HP compressor 
(GA50VSD) performance has a very minor affect on the overall energy savings; this is because 
the HP system only operates for 1,110 hours per year and because the leakage rate in the HP 
system is small compared to the total system leakage.  
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In summary, the TA used the following equation and values to calculate the annual energy savings: 

LP+HP Systems: 187 CFM / 5.13CFM/kW x 6482 hrs = 236,283 kWh 

 Where: 187 CFM is the amount of repaired leaks (75% of 249) 

The evaluation findings can be presented using this same equation, but with the input values determined 
during the evaluation.  

LP System: 67 CFM / 6.29 CFM/kW x 6050 hrs = 64,444 kWh 

Where: 67 CFM is the amount of LP system repaired leaks (29% of 230 CFM) 

HP System: 7 CFM / 5.095 CFM/kW x 1110 hrs = 1525 kWh 

Where: 7 CFM is the amount of HP system repaired leaks (29% of 24.5 CFM) 
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APPENDIX 

Data Summaries 
Data used in the determination of savings for this project as well as samples of calculation sheets 
excerpted from Excel worksheets are included below. 

Figure 1 – Pre-Retrofit Compressed Air Load Profile Based on TA-Gathered Data 
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Table 4. TA-Gathered Inventory of Leaks 
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Table 5. Installed Case, Pressure Transients, HP system 

# Date Time, GMT-04:00

PSIG, PSIG
 (LBL: Higher 

Pressure)

Start & 
End
 Points

Delta  Time
(minutes)

DP
 (ps i )

Patm 
(ps ia)*

Receiver 
Volume
 (cu ft)

Piping 
Volume
 (cu ft)

Tota l  
Volume 

(cu ft)
Leakage

(CFM)
26708 11/5/12 12:53 PM 143.555 Start 1 17 72.0 14.596 53.5 5.0 58.5 21.2
26814 11/5/12 1:10 PM 71.582 End 1
36262 11/6/12 3:25 PM 143.359 Start 2 19 72.1 19.0
36377 11/6/12 3:44 PM 71.289 End 2
43923 11/7/12 12:42 PM 143.359 Start 3 18 72.4 20.1
44031 11/7/12 1:00 PM 70.996 End 3
52906 11/8/12 1:39 PM 143.359 Start 4 17 71.8 21.1
53011 11/8/12 1:57 PM 71.582 End 4
86884 11/12/12 12:02 PM 143.555 Start 5 18 71.8 20.0
86994 11/12/12 12:20 PM 71.777 End 5
95400 11/13/12 11:41 AM 143.652 Start 6 19 72.1 19.0
95514 11/13/12 12:00 PM 71.582 End 6
156834 11/20/12 2:20 PM 143.359 Start 7 17 71.7 21.1
156941 11/20/12 2:38 PM 71.68 End 7
165700 11/21/12 2:58 PM 143.066 Start 8 16 71.4 22.3
165797 11/21/12 3:14 PM 71.68 End 8
217840 11/27/12 3:48 PM 141.113 Start 9 17 70.8 20.9
217945 11/27/12 4:06 PM 70.312 End 9
225471 11/28/12 1:00 PM 142.969 Start 10 22 71.5 16.3
225606 11/28/12 1:22 PM 71.484 End 10
226438 11/28/12 3:41 PM 142.676 Start 11 24 71.3 14.9
226586 11/28/12 4:06 PM 71.387 End 11
234372 11/29/12 1:43 PM 143.262 Start 12 23 71.7 15.6
234510 11/29/12 2:06 PM 71.582 End 12
243782 11/30/12 3:52 PM 143.555 Start 13 26 71.9 13.8
243943 11/30/12 4:19 PM 71.68 End 13
268061 12/3/12 11:18 AM 142.285 Start 14 26 70.9 13.7
268218 12/3/12 11:44 AM 71.387 End 14
269561 12/3/12 3:28 PM 143.555 Start 15 29 72.0 12.4
269740 12/3/12 3:58 PM 71.582 End 15
277523 12/4/12 1:35 PM 143.652 Start 16 26 72.0 13.9
277682 12/4/12 2:02 PM 71.68 End 16
286176 12/5/12 1:37 PM 143.555 Start 17 27 71.9 13.3
286339 12/5/12 2:05 PM 71.68 End 17
294486 12/6/12 12:42 PM 143.359 Start 18 26 71.7 13.8
294646 12/6/12 1:09 PM 71.68 End 18 *Fal l  River, MA, elevation = 200ft above SL

Ramp DownsLogger Data Inputs
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Figure 2 – Installed Case, Weekly Power Demand 
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Figure 3 – Installed Case, Weekly Load Profiles 
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Figure 4 – CAGI Data Sheet for LP Compressor 
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Figure 5 – GA75VSD (LP compressors) Compressor Specific Power  

GA75VSD GA75VSD
125 psig 105 psig

from CAGI datasheet
kW CFM kW CFM
92.0 488 83.6 488
72.4 382 65.9 382
56.6 293 51.5 293
41.9 207 38.1 207
28.3 127 25.8 127
23.0 94 20.9 94
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Figure 6 – GA50VSD (HP compressor) Compressor Specific Power 

GA45VSD (HP Comp) GA55VSD (HP Comp) GA50VSD (HP Comp)
125 psig 125 psig 140 psig

from CAGI datasheet from CAGI datasheet
kW CFM kW CFM kW CFM
58.0 284 68.4 343 67.0 314
55.3 270 54.1 273 58.0 272
45.8 225 44.6 225 48.0 225
36.8 178 35.8 177 39.0 178
24.1 107 27.7 131 28.0 119
15.0 55 14.5 54 16.0 55
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SUMMARY 
This 2011 Custom Retrofit project repaired leaks to a compressed air system and installed a meter to 
monitor airflow. Table 1 summarizes the evaluation findings. The discrepancy between the tracking 
estimate and the evaluated savings arises from an assumption made in the TA analysis that the 
compressor performance would be linear over the full range of its capacity. The compressor actually 
modulates its capacity by means of an inlet butterfly valve down to 20% of capacity, at which point it 
unloads. Because modulation is a less efficient form of capacity control, there is less potential for energy 
savings. 

Table 1: Savings Summary 

 

 

 

 

PROJECT DESCRIPTION 
Pre-Retrofit Equipment and Operation 
At the time of the TA analysis was performed, two 25-hp Ingersoll-Rand compressors were installed in 
the compressed air system. Based on information obtained from plant staff, only one of these compressors 
was operated at a time, normally one that was a VSD compressor. The second compressor was used as 
backup. The TA report indicated only one compressor operated initially, but the second compressor was 
required to meet the compressed air load due to leaks at the time of that study. Neither compressor was 
identified as a VSD compressor. 

At the time of the evaluation site visit, one of the 25-hp compressors had been replaced with a 40-hp 
Gardner Denver EBH99H compressor that runs to meet current loads. The remaining 25-hp compressor 
has been retained as a backup. The new 40-hp compressor has modulating capacity control with an unload 
point that was reported at 20% of full capacity. Because it is this system that is expected to be in place for 
the remainder of the effective useful life of the implemented measure, it has been adopted as the pre-
retrofit system. The air is dried by a cycling refrigerated air dryer and two 400-gallon receivers are 
located downstream of the dryer. A 2-inch main header serves most of the facility and a 1-inch header 
serves the warehouse area.  The compressed air system runs continuously all year. Based on observations 
made by the TA, plant air demand was an average of 125 acfm (no source given).  According to the TA 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of 
Tracking 

Annual Energy, kWh 58,223 20,915 36% 
Percent Energy On-peak NA 46.3% NA 
Summer Peak Diversified kW  6.80 2.38 35% 
Winter Peak Diversified kW  6.80 2.38 35% 

1                                                                                                                                                                       June 2013 



WMECO Project WM11S007  MA Custom Process/Compressed Air Impact Evaluation 

calculation, approximately 30 acfm of the demand was due to repairable leaks.  This was based on 
estimates of flow from leaks identified in a comprehensive leak audit performed by the TA. 

Proposed Equipment and Operation 
The proposed case was the same compressed air system as the pre-retrofit case, but with 30 acfm of leaks 
repaired.  Repairs included tightening loose hose connections and replacing leaking fittings and damaged 
tubing. In addition, a CDI 5400 mass flow meter was proposed to monitor the compressed air demand so 
that increased leakage in the future could be quickly identified and fixed.  It was estimated that only one 
compressor would be required to run once the leaks were fixed.  

TRACKING ANALYSIS  
Tracking Calculation Methodology 
The tracking analysis used the results of an air leak audit to calculate savings.  An ultrasonic leak detector 
was used to find leaks throughout the system.  The leaks were then categorized as “small”, “small to 
medium”, “medium”, and “large”, with the estimated leakage for each category defined as follows: 

• Small leak – 0.25 acfm leakage 

• Small to Medium leak – 0.50 acfm leakage 

• Medium leak – 0.75 acfm leakage 

• Large leak – 1.25 acfm leakage  

A total of 73 leaks were discovered and categorized for 39.75 acfm of total leakage.  The final leakage 
total used in the calculation was 30 acfm.  The reasoning behind this was that the TA wanted to be 
conservative with the savings.  The manufacturer rated efficiency of the compressors (4.39 acfm/kW) was 
used to determine the demand required to overcome the leaks (30 acfm / 4.39 acfm/kW = 6.83 kW).  
Even though the facility operates 8,760 hours per year, to be conservative the TA removed 10 days for 
holidays and vacations, reducing the operating hours to 8,520 hours per year.  The total energy used to 
overcome the leaks, which is also the savings, was calculated as 6.83 kW x 8,520 hours = 58,223 kWh 
/year, which matches the tracking savings.  Air dryer energy was deemed insignificant and was not 
included.   

EVALUATION METHODOLOGY 
Average compressor power (kW) was logged at 15-minute intervals on the 40-hp compressor for a period 
of six weeks after the evaluators confirmed only one compressor runs.  Power was checked with one-time 
measurements.  Readings from the flowmeter installed as part of the project are not being recorded by the 
site, either electronically or manually, and it was not feasible to use this meter to provide flow data.   

For the installed case energy use, logged average hourly kW was used to develop a weekly profile, which 
was then applied repetitively over the entire year to define an annual demand profile.  Data indicate there 
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is very little variation in compressor loads for the entire data collection period, which included six 
weekends and Thanksgiving. The weekly hourly demand profile was developed by averaging the logged 
kW values by hour-of-the-week to arrive at a 168-hour demand profile. 

Because airflow data were not available, the manufacturer’s compressor performance was obtained from 
the appropriate CAGI data sheet and used in the analysis.  The total package input power, less fan power, 
was coupled with the weekly demand profile to determine the average hourly flow rate for each hour of 
the week. Pre-retrofit total flow rates for each hour were then determined by adding the 30 acfm flow 
reduction claimed in the tracking savings estimates.  The pre-retrofit average hourly kW values were 
subsequently determined from the inverse of the kW: acfm relationship used to derive the installed-case 
acfm profile. The equations used and plots of the compressor performance are provided in the appendix. 
Hourly demand savings were calculated as the difference between corresponding kW values for the pre-
retrofit and installed case demand profiles. 

Peak demand savings were calculated using the appropriate WMECO definitions of peak demand periods. 

As in the TA analysis, savings in air dryer energy were considered insignificant. 

Pre-Retrofit Verification 
For this evaluation, quantification of pre-retrofit leaks and the volume flow rates from the repaired leaks 
have been assumed equal to those provided in the TA analysis. Following the leak repairs, no evidence 
remained that could be used to determine the magnitude of the original leaks and generally, evidence of 
specific repairs are not necessarily identifiable. A handwritten list of leaks and the repairs attempted by 
the TA was provided in the project documentation, lending credence to the implementation of the repairs. 
Not all leaks were repaired, owing to operational constraints (e.g. repairs that required system shutdown 
were not implemented), and the reasons for not repairing those leaks was included in the list. 

Quantification of compressed air leaks is difficult and the TA’s estimates are subjective; however, for the 
reasons stated above, they are the only source of any estimate of leak rates and there were no means 
available for us to improve on that value.  

Key Savings Calculation Inputs 
 Compressed air system power (kW) 

 Compressor rated efficiency (kW/cfm) 

 System operating hours 

Evaluation Protocol 
SBW conducted a single site visit during which metering was installed and the facility staff was 
interviewed about pre-retrofit and installed case system operation.  Evaluators took photos of the 
compressed air system equipment, including nameplate data, and confirmed with the site contact that the 
plant runs continuously throughout the year. A second site visit was performed by the electrical contractor 
who installed the metering equipment to decommission the metering gear.
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Evaluation Data Collection 

Evaluators collected the following data on the 40-hp compressor to establish a kW demand and airflow 
profile for the operational compressors: 

Table 2: Equipment To Be Monitored 

Equipment/ 
Parameter Metered Compressor Power Compressor Airflow 

Measurement Variable(s) kW cfm 
Measurement Equipment Dent ELITEpro  CAGI data sheet used  
Type of Measurement Equipment Single Channel Power Logger Not applicable 
Installation of Monitoring Equipment Clamp-On CTs and Voltage taps Not applicable 
Frequency of Observations 15 minutes, average  Not applicable 
Duration of Metering 6 weeks Not applicable 
Metered by SBW/Electrician Not applicable 

 

Results 
Evaluated savings (20,915 kWh) are 36% of the tracking savings (58,223 kWh).  Differences between 
evaluation and tracking savings were due to a difference in the type of compressor capacity control 
assumed. The TA analysis assumed a compressor whose part-load performance curve would be linear 
with a kW/cfm ratio of 0.18 over its full range of air delivery. According to the vendor of the compressor, 
the installed compressor modulates flow with an inlet butterfly valve down to 20% of full flow, at which 
point it unloads to zero capacity. Modulation is significantly less efficient, with a kW/cfm ratio of 0.079 
from full capacity down to 20% of full capacity. Because the compressor always operates in this range, it 
is this ratio that determines actual savings. 

 

APPENDIX 
Data Summaries 
Data used in the determination of savings for this project as well as samples of calculation sheets 
excerpted from Excel worksheets are included below. 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of 
Tracking 

Annual Energy, kWh 58,223 20,915 36% 
Percent Energy On-peak NA 46.3% NA 
Summer Peak Diversified kW  6.80 2.38 35% 
Winter Peak Diversified kW  6.80 2.38 35% 
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40-hp Compressor Characteristics (see CAGI data sheet) 
  cfm kW*   
Modulation     
 Full Capacity 155 35.1   
 Unload point 31 25.3   
 Full Modulation 0 22.8   
 Slope 0.079    
 Intercept 22.8    
 Full Modulation % Full Load 65% Assumed  
      
Unloading     
 Unload point 31.0 25.3   
 Unloaded  0 6.25   
 Slope 0.613    
 Intercept 6.25    
 Unload Point 20% of capacity  
      
 * Fan power (0.75 kW) removed from total package kW 

 

Plot of ACFM vs kW used to determine installed case flow from measured kW 
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Plot of kW vs ACFM used to determine pre-retrofit kW from installed case flow plus leaks 
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Sample Calculations: Weekly Profile Development 

 

Day

Hour 
of 

Week Date/Time (end)
day of 
week

Hour 
Ending

Installed 
Case 

Measured 
kW

Installed 
Case 

Calculated 
cfm

Pre-Retrofit 
Case 

Calculated 
cfm

Pre-
Retrofit 

Calculated 
kW Savings 

Hour of 
Week

Average 
Hourly 
Savings 

(kW)
Tuesday 57 10/23/2012 9:00 3 9 31.25 107 137 33.64 2.38 1 2.38
Tuesday 58 10/23/2012 9:15 3 10 31.27 107 137 33.66 2.38 2 2.38
Tuesday 58 10/23/2012 9:30 3 10 31.18 106 136 33.56 2.38 3 2.38
Tuesday 58 10/23/2012 9:45 3 10 31.22 107 137 33.60 2.38 4 2.38
Tuesday 58 10/23/2012 10:00 3 10 31.30 108 138 33.68 2.38 5 2.38
Tuesday 59 10/23/2012 10:15 3 11 31.28 107 137 33.66 2.38 6 2.38
Tuesday 59 10/23/2012 10:30 3 11 31.23 107 137 33.61 2.38 7 2.38
Tuesday 59 10/23/2012 10:45 3 11 31.26 107 137 33.64 2.38 8 2.38
Tuesday 59 10/23/2012 11:00 3 11 31.16 106 136 33.54 2.38 9 2.38
Tuesday 60 10/23/2012 11:15 3 12 31.17 106 136 33.56 2.38 10 2.38
Tuesday 60 10/23/2012 11:30 3 12 31.11 105 135 33.49 2.38 11 2.38
Tuesday 60 10/23/2012 11:45 3 12 31.10 105 135 33.49 2.38 12 2.38
Tuesday 60 10/23/2012 12:00 3 12 31.18 106 136 33.57 2.38 13 2.38
Tuesday 61 10/23/2012 12:15 3 13 31.18 106 136 33.56 2.38 14 2.38
Tuesday 61 10/23/2012 12:30 3 13 31.13 105 135 33.52 2.38 15 2.38
Tuesday 61 10/23/2012 12:45 3 13 31.19 106 136 33.57 2.38 16 2.38
Tuesday 61 10/23/2012 13:00 3 13 31.21 106 136 33.59 2.38 17 2.38
Tuesday 62 10/23/2012 13:15 3 14 31.17 106 136 33.55 2.38 18 2.38
Tuesday 62 10/23/2012 13:30 3 14 31.18 106 136 33.56 2.38 19 2.38
Tuesday 62 10/23/2012 13:45 3 14 30.98 103 133 33.36 2.38 20 2.38
Tuesday 62 10/23/2012 14:00 3 14 30.99 104 134 33.37 2.38 21 2.38
Tuesday 63 10/23/2012 14:15 3 15 30.97 103 133 33.35 2.38 22 2.38
Tuesday 63 10/23/2012 14:30 3 15 31.00 104 134 33.38 2.38 23 2.38
Tuesday 63 10/23/2012 14:45 3 15 31.55 111 141 33.93 2.38 24 2.38
Tuesday 63 10/23/2012 15:00 3 15 31.56 111 141 33.95 2.38 25 2.38  
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Sample Calculations: Savings 
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Custom Impact Evaluation of 2011 Refrigeration/Motor/Other Applications Site 48 
 

Application ID: WMECO WM11P023 

Measure Category: Other 

Project Type: Retrofit 

Summary 

This application saves 292% of the energy originally estimated in the tracking analysis.  The 
primary reason for the increase in savings is a larger increase in the reduction of compressed air 
flow than was originally predicted.  A comparison of the results of the tracking and evaluation 
studies is presented in Table 1 below.  

An industrial facility repaired compressed air leaks as an energy conservation measure.  This 
custom measure saves electrical energy due to reduced compressed air flow and air 
compressor energy consumption.   

Savings Quantity Tracking 
Value 

Evaluation 
Value 

Evaluation ÷ 
Tracking 

Annual Energy (kWh) 644,364 1,881,264 292% 
% Energy Savings On-Peak NA 46% NA 
Summer Seasonal Demand Reduction (kW) 73.56 214.8 292% 
Winter Seasonal Demand Reduction (kW) 73.56 214.8 292% 

Table 1: Summary of Tracking and Evaluation Savings Results 

Project Description 

The facility manufactures chemical compounds.  Their process consists of chemical tanks, 
cooling apparatus, dust collectors and assorted equipment used to make plastic sheets and 
other related products.  There are many buildings located within this large industrial complex, 
and six business units make up the campus.  The facility operates 24 hours a day.  

Compressed air is used for actuating pneumatic pistons and other related pneumatic 
equipment such as air powered pumps, mixers and dust collectors.  Due to the flashpoint and 
the nature of the chemicals used, compressed air is a preferred source of energy for many of 
these applications.  All compressed air is supplied through a common header by three 
900 horsepower centrifugal air compressors located in the power house.  The centrifugal air 
compressors are water-cooled, oil-free, and controlled with inlet guide vanes.   

Normally, only one compressor operates to provide compressed air to the entire industrial 
complex.  The second compressor starts automatically if the house air pressure falls to a certain 
level, and it is manually stopped after a cool down period once facility air pressure appears to 
have stabilized.  The third compressor is energized at no load in order to provide an idle/backup 
machine in case of equipment failure.  
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A compressed air leak survey was conducted in spring 2010, and an ultrasonic leak detector was 
used to estimate the leak flowrate at individual pieces of equipment.  Another leak audit was 
completed in 2011, and many of the leaks identified in 2010 had been repaired by the site.  The 
TA study was submitted in September 2011, so the leak audit was most likely conducted in 
summer 2011.  Due to the reduction in leaks, the total compressed air flowrate provided by the 
compressors also decreased.  The reduction in flowrate saves energy due to the reduced 
compressor demand.   

Tracking Analysis 

This section describes the methodologies employed in the original energy study, discusses 
aspects of the methodology that had significant impacts on final energy savings estimates, and 
describes the tracking calculation methodologies.  

The tracking analyst measured the amount of compressed air leaks in the facility in 2010 using 
an ultrasonic leak detector.  The total flowrate of all leaks was estimated to be 921.1 cfm 
(pre-retrofit case) by the tracking analyst, and this leakage rate was assumed to not vary 
throughout the year.  In 2011, the tracking analyst returned after the site conducted 
compressed air leak surveys and repaired the leaks.  The air leak flowrate decreased to 
429.0 cfm (proposed case).  The energy conservation measure resulted in a reduction of 
492.1 cfm. 

The power demand of the air compressors in the pre-retrofit case was calculated using 
4,160 Volts, power factor of 0.85, and an average current (amps) of the two compressors.  The 
maximum current of compressor 1 was 106 A, and the maximum current of compressor 2 was 
102.5 amps.  The square root of three was approximated as 1.73.  The power demand of the air 
compressor was calculated, assuming one compressor runs fully loaded year-round. 

Power demand, kW = 1.73 × 4,160 V × (106 A + 102.5 A) ÷ 2 × 0.85 PF ÷ 1,000 = 637.7 kW 

The tracking analyst estimated that the operating efficiency of the air compressors was 
6.69 cfm/kW.  These values are based on a technical assistance study conducted by the tracking 
analyst for the same site in 2005.  The average flow rate of the air compressors from the 2005 
study was 4,265 cfm.   

Compressed air efficiency, cfm/kW = 4,265 cfm ÷ 637.7 kW = 6.69 cfm/kW 

With an assumed 492.1 cfm decrease in compressed air leaks during all annual hours, the 
annual energy savings was calculated: 

Annual energy savings, kWh = 492.1 cfm ÷ 6.69 cfm/kW × 8,760 hr = 644,364 kWh 

The average demand reduction was assumed to be applicable to all annual hours.  Therefore, 
the claimed seasonal demand reductions are 73.56 kW.  The percent of on-peak energy savings 
was reported as 80% on the PA’s custom screening tool.  This value was not explicitly calculated 
by the tracking analyst, and it is unclear whether this value was used in error.   
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Evaluation Methodology 

The evaluator uses a spreadsheet analysis approach similar to the tracking analysis and uses 
site-provided facility compressed air flowrate trend data from January 2010 through February 
2012 to determine the energy savings.   

The general outline for the evaluation methodology is below. 

1. Use site-provided total facility compressed air flowrate to determine the number of 
base-loaded, trim, and idle compressors are running.   

2. Confirm assumptions of compressor sequencing based on site-provided power meter 
data  

3. Calculate compressor power demand using manufacturer-provided performance data 
correlating compressor capacity (cfm) with motor power (bhp). 

4. Determine average compressor power demand vales (kW) for both the pre-retrofit case 
and installed case.  

5. Assume this reduction in demand (kW) applies for all 8,760 annual hours. 

Evaluation Data Collection 

A summary of the information and trend data used in this evaluation is provided in Table 2.  
Due to the medium voltage (4,160 V) of the air compressors and large scale of the facility, the 
evaluator did not conduct power metering of the equipment or measure compressed air leaks.   

Compressed Air Compressed Air

Equipment Monitored Air Compressors Air Compressors

Parameter Measured
Input Power (kW), 
Operating Hours

Compressed Air 
Flowrate (cfm)

Model of Measurement Equipment
In-house 
Equipment

In-house 
Equipment

Type of Measurement Equipment kWh Meter Flowmeter
Quantity of Measurement Equipment 2 1
Installation of Monitoring Equipment Permanent Permanent
Frequency of Observations 1 day 1 day
Duration of Monitoring Period 2 years 2 years

Energy Efficiency Measure
Compressed Air 
Leak Repair

Compressed Air 
Leak Repair

Metering Conducted By Site Site  
Table 2: Summary of Evaluation Metering and Trend Data 

 

The site was able to provide trend data for total facility air flowrates and power demand of all 
three air compressors and their associated air dryers and oil coolers. The data was recorded on 
a daily basis over the course of two years.   
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Evaluation Savings Analysis 

Air Flow Trend Data 

Based on trend data provided by the site, there is a significant decrease in total facility 
compressed air flow after the leak repairs. The most apparent decrease in flowrate occurs in 
March 2011, so the majority of repairs likely occurred at that time. The site did confirm that air 
leak repairs did take place around that time.  The site contact was not able to pinpoint the exact 
dates of repairs, as the facility is very large and includes a lot of compressed air equipment.  In 
addition, site personnel did not report any major changes to the facility or production loads 
during this period of time.  

It should be noted that the period from June to October 2010 where there are no trend points 
is a result of insufficient data from the facility. During mid-October 2011, there appears to have 
been an error or malfunction in the compressed air system, as evidenced by the large increase 
in daily average flowrate.  It seems that the site conducted another round of air leak repairs 
after that time to address those issues. Figure 1 below shows the decrease in air flowrate over 
time. 

 
Figure 1: Compressed Air Flow 2010 – 2012  

 
The average air flow in the period (January 1, 2010 through March 2, 2011) before repairs was 
3,336 cfm , and the average flowrate after repairs (March 3, 2011 through March 2, 2012) was 
significantly reduced to 1,825 cfm.  
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Compressor Performance Data 

 
Figure 2: Performance Curve of Inlet Guide Vane (IGV) Control Centrifugal Compressor 

 

For the three centrifugal compressors present at the facility, the performance load curve was 
obtained from the manufacturer vendor. The design point of these compressors is 876.38 bhp 
(688.2 kW) at 3,955 cfm full capacity. This performance curve shows that the efficiency of the 
machine (bhp/cfm) decreases once the air flow output drops below 3,350 cfm. The air leak 
repairs done at this facility caused the average load (cfm) on the compressors to drop below 
the minimum flow rate value in Figure 2. It is possible that the post-retrofit air flow is so low 
that it is causing the compressors to operate in bypass mode in order to function and provide 
air flow. The performance of the IGV control compressor below 2,650 cfm was estimated as a 
linear function, where the no-load power demand (at 0 cfm capacity) of the compressor is 
117.33 kW.  This value was provided to the evaluator from the compressor manufacturer 
representative.  

Compressor brake-horsepower numbers from Figure 2 were converted to kW values using the 
following expression. 

Power demand, kW = Compressor power, bhp × 0.746 kW/hp ÷ 95% motor efficiency 

It is assumed that the efficiency of these 900-hp motors (circa 1995) have an efficiency of 95%.  
Baseline motor efficiencies after Energy Policy Act (1992) are set to be 95.0% or better for 
nominal motor sizes of 200 hp or more. 

Based on the performance in Figure 2 and the vendor’s information on the no-load power 
demand of the compressors, the following linear equations were calculated in Excel to estimate 
compressor power demand at any air flowrate condition. All R2 values for the three linear trend 
lines in Figure 3 to Figure 5 on the following page are 0.99 or greater. All linear equations are 
summarized in Table 3.  
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Figure 3: Compressor Performance Curve (0 – 2,650 cfm) 

 
 

 
Figure 4: Compressor Performance Curve (2,650 – 3,350 cfm) 

 

 
Figure 5: Compressor Performance Curve (3,350 – 3,955 cfm) 
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Air Flow (cfm) Coefficients
From To Slope Intercept

0 2,650 0.1454 117.33
2,650 3,350 0.108 219.22
3,350 3,955.87 0.1644 36.75  

Table 3: Linear Equations Correlating Air Flow and Compressor Power (kW) 
 

For any given air flowrate (cfm), the coefficients are used to calculate power demand (kW). 
Compressor power demand, kW = Air flow, cfm × Slope coefficient + Intercept coefficient 

Site Power Metering of Compressors 

During examination of the compressor electrical usage provided by the power meters at the 
facility, two conclusions were drawn: (1) there was other equipment monitored by the meters 
monitoring the compressors and air dryers according to site personnel, and (2) the power 
demand (kW) data was very granular, with reported values only increasing in increments of 
approximately 117 kW. Due to this information, the electric consumption data from the site is 
not directly used in the calculation of compressor power demand.  

There are two meters that primarily monitor the power demand of the three compressors. 
Meter E200A monitors two of the compressors, and meter E200B monitors the third 
compressor. The evaluator only used the site-provided power metering data of the 
compressors to confirm whether or not an idle compressor was energized on a given day.  

Energy Savings Calculations 

For each daily average plant air flowrate in the site trend data, the evaluator calculated the 
expected compressor power demand using performance data equations from Table 3 above. If 
the average flowrate is below 3,955 cfm, only one lead compressor was required to handle the 
entirety of the facility load. If the flowrate is above 3,955 cfm, a second trim compressor would 
handle the remaining trim load. The power demand of the trim compressor is calculated by 
evaluating the proper linear equation in Figure 3 once the trim flowrate is known. 

Trim air flowrate, cfm = Site trend air flow, cfm – 3,955 cfm (maximum compressor capacity) 

An idle compressor is usually operating at the no-load demand (117.33 kW) at any time, as 
discussed above in Compressor Performance Data. For any given day in the site trend data, the 
evaluator confirms if an idle compressor is energized if the site power meters indicate that an 
additional compressor is running.  

The total average power demand (kW) for each daily site trend data entry is the sum of the lead 
compressor demand, the trim compressor demand (if operating), and the idle compressor 
demand (if operating).  Based on the site trend data for total plant air flow, all trend data 
before March 3, 2011 is considered pre-retrofit, and all data on March 3, 2011 and after is 
considered post-retrofit.  

Since the site’s production levels are not dependent on ambient conditions or seasonal and the 
nature of reoccurring air leaks, the evaluation only calculates the average power demand in the 
pre-retrofit case and the post-retrofit case. There is also no evidence that compressor usage 
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changes significantly with time of day, especially since the trend data was only provided on a 
daily basis. The average pre-retrofit power demand was 697.5 kW, and the average post-
retrofit power demand is 482.8 kW.  Therefore, the average demand reduction is 214.8 kW, and 
the annual energy savings over 8,760 hours is 1,881,264 kWh.   

The average seasonal demand reduction value is simply the average demand reduction value of 
214.8 kW. There are 4,064 on-peak hours as defined by the PA. Therefore, the on-peak kWh 
savings is 46%.  

Verification of Equipment and Operating Parameters 

This portion of the report compares the major assumptions of the tracking analysis and 
evaluation analysis.  Reasons for discrepancies are presented as well as their qualitative impacts 
on final project energy savings realization. 

The original TA study calculated energy savings by examining the reduction in air leak flow rate 
(cfm), applying the full-load compressor performance (kW/cfm), and multiplying by all 8,760 
annual hours. The TA assumes that there is an average of 492.1 cfm reduction in compressed 
air flowrate. Evaluation found through trend data analysis that the average air flow reduction 
based on flow meters at the facility was 1,511 cfm. This evaluation air flow reduction is 307% of 
the tracking analysis value. 

In addition, the TA assumes that the full-load performance of compressors (6.69 cfm/kW or 
0.149 kW/cfm) would apply to any air flow load profile even though the compressors would 
handle more trim loads in the post-retrofit case due to reduced total plant air flowrates. The 
evaluation found the average compressor performance to be 0.142 kW/cfm (95% of TA value). 
This slight reduction in kW/cfm brought a slight penalty to the overall energy savings. 

As seen from the table below, using the individual compressor efficiencies at different points on 
the load curve decreased the savings compared to the TA method of using constant compressor 
efficiency. However the energy savings are still much higher than the TA’s original calculations. 
This is largely attributed to the different approaches utilized by the two parties: the TA only 
analyzed leak air flow reduction, while the evaluation looked at whole facility air flow rates in 
the pre- and post-retrofit cases to determine average air flow reduction. The TA study also only 
examined a one-year period of time during which the majority of the leaks were repaired. 
Evaluation extended the period studied to over two years, to get a more comprehensive look at 
the air flow characteristics of the facility. 

Parameter Tracking 
Value 

Evaluation 
Value 

Evaluation ÷ 
TA 

Air Flow Reduction (cfm) 492.1 1,511 307% 
Air Compressor Efficiency (kW/cfm) 0.149 0.142 95% 
Annual Equipment Operation Hours 8,760 8,760 100% 

Annual Energy Savings (kWh) 644,364 1,881,264 292% 
Table 4:  Summary of Sources of Savings Discrepancies  
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Both the tracking and evaluation analyses assume that the equipment operates for all 
8,760 hours per year. This is confirmed by site trend data. 

As shown in Table 4, the 307% increase contributed by the additional evaluation air flow 
reduction value is tempered by the evaluation kW/cfm value (95% of tracking). With the annual 
hours remaining constant, this 307% × 95% yields the 292% realization ratio of the overall 
annual energy savings.  

Savings Analysis and Verification 

The annual energy savings estimated in the tracking analysis is 644,364 kWh.  The evaluation 
estimated annual energy savings to be 1,881,264 kWh, resulting in an annual energy savings 
realization ratio of 292%.  As discussed in the previous section the increase in savings is due to a 
very large increase in air flowrate reduction with a slight penalty in compressor performance in 
the evaluation study.  

The percentage of savings occurring during energy peak periods was not estimated in the 
tracking analysis. The evaluation found this value to be 46%.   

The summer demand peak reduction is estimated in the tracking analysis to be 73.56 kW.  The 
evaluation estimated the summer demand peak reduction to be 214.8 kW, resulting in a 
realization ratio of 292%.   

The winter demand peak reduction is estimated in the tracking analysis to be 73.56 kW, and the 
evaluation found this value to be 214.8 kW, resulting in a realization ratio of 292%. 
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