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1 EXECUTIVE SUMMARY 

This Executive Summary provides a high-level review of the results for the Massachusetts Commercial and 

Industrial (C&I) Impact Evaluation of 2013 Custom Process Installations. The evaluation team conducted 

this impact evaluation for the Massachusetts Program Administrators (PAs) under the guidance of the 

Massachusetts Energy Efficiency Advisory Council (EEAC) Consultants. In this section, we state the study 

objectives, summarize the evaluation approach, and present key findings, conclusions, and 

recommendations.  

The scope of work of this impact evaluation covered the 2013 Custom Process impact category, which 

included new equipment and/or control systems and strategies for which energy consumption and savings is 

primarily driven by a quantified non-weather load, such as tons of production or total hours of operation. 

The 2013-2015 Plan Massachusetts Technical Reference Manual for Estimating Savings from Energy 

Efficiency Measures defines this impact group as “New construction and/or retrofit projects for process 

system equipment and controls.”1 The same definition was used in all reference manuals published since. 

The evaluation team for this project was DNV GL, DMI, SBW Consulting, and ERS. The project was 

completed between 2015 and 2017. This is the second statewide evaluation of the large C&I custom process 

projects in Massachusetts since 2009 by this team. The MA PAs have historically rotated impact evaluations 

of custom electric end uses on approximately a three to four year cycle. The previous impact evaluation of 

the custom process end use was completed in 2012 and included projects from the program year 2010 

portfolios.  

1.1 Overview of objectives and approach 

The objective of this impact evaluation is to provide verification or re-estimation of electric energy and 

demand savings estimates for a sample of custom electric projects through: Site-specific inspection, 

monitoring, and analysis. 

The results of this study are realization rates for custom process electric energy efficiency measures. 

Realization rates were determined at the statewide level as well as separately for National Grid, Eversource, 

Eversource-NSTAR Only, and Eversource-WMECO Only. A synopsis of the research approach is as follows: 

The DNV GL team developed a stratified sampling design from program participation data provided by 

the PAs based on agreed assumptions. The final evaluation sample design for this study was expected to 

achieve a statewide electric energy savings realization rate result with ±15% relative precision at the 90% 

confidence interval, and statewide summer and winter peak demand savings realization rate results with 

±20% relative precision at the 80% confidence interval. 

Site specific measurement and verification (M&V) plans were created for each sampled site. These 

plans were reviewed and approved by the PAs before data collection was initiated.  

The data used in in the estimation of evaluated savings was collected by the team according to the approved 

M&V plan. The evaluation collected and reviewed all provided program documentation and collected data 

associated with each sampled project. Data collection methods included interviews of facility 

                                                
1 Massachusetts Technical Reference Manual for Estimating Savings from Energy Efficiency Measures, 2013-2015 Program Years – Plan Version, 

Published October 2012. Available at: http://ma-eeac.org/wordpress/wp-content/uploads/TRM_PLAN_2013-15.pdf 

http://ma-eeac.org/wordpress/wp-content/uploads/TRM_PLAN_2013-15.pdf
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personnel, interviews of equipment vendors, on-site monitoring of operating equipment, receipt 

of data collected by the customer, and receipt of utility meter consumption data.  

The evaluation created a custom measure specific analysis for each sampled project. Included in this 

analysis was an assessment of the baseline condition for each project sampled. When the need for a revised 

baseline was determined, the evaluation worked with each PA to develop one that was appropriate and 

consistent with the Custom Measure definition in the Massachusetts Technical Reference Manual. Evaluated 

savings estimates were then calculated relative to this revised baseline.  

The evaluation created unique site reports for each sampled project. Each report includes a project 

description, a description of the tracking savings assumption and methodology, a baseline review, a 

description of the data collected by the evaluation, a description of the evaluation analysis completed, and a 

discussion of the evaluation results and reasons for the variance between tracking and evaluation estimates 

of savings. These reports are available in Appendix F. 

1.2 Key findings and conclusions 

The site level evaluation results were aggregated using the final adjusted case weights. The PA realization 

rates were estimated and then applied to each PA’s total tracking savings to determine their total measured 

savings. The statewide realization rate is the ratio of the total measured savings to the total tracking savings, 

each of which is calculated by summing across the PAs. Table 1-1 summarizes the statewide results of this 

analysis. The results presented include realization rates (and associated precision levels) for annual kWh 

savings, and on-peak demand (kW) savings at the times of the winter and summer peaks, as defined by the 

ISO New England Forward Capacity Market (FCM).  All coincident summer and winter peak reductions were 

calculated using the following FCM definitions:  

1. Coincident Summer On-Peak kW Reduction is the average demand reduction that occurs over all hours 

between 1 PM and 5 PM on non-holiday weekdays in June, July and August. 

2. Coincident Winter On-Peak kW Reduction is the average demand reduction that occurs over all hours 

between 5 PM and 7 PM on non-holiday weekdays in December and January. 

Table 1-1: 2013 Custom Process Statewide Results 

Statewide Results 
Annual  

MWh 

Summer  
On-Peak  

kW 

Winter  
On-Peak 

kW 

Total Tracking Savings 20,983  2,491  3,035  

Total Evaluated Savings 13,272  1,551  1,986  

Realization Rate 63.2% 62.3% 65.4% 

Error Ratio 0.54  0.81  0.89  

90% Confidence       

Relative Precision  10.3% 17.1% 18.4% 

Error Bound  1,367  265  365  

80% Confidence       

Relative Precision  8.0% 13.3% 14.3% 

Error Bound  1,065  207  284  

 

The results of DNV GL’s analysis of realization rates by PA follow on the next page in Table 1-2. Peak energy 

savings (Peak MWh) are reported for National Grid only as this is the only PA that tracks the percent of 

energy saved during peak energy periods. Overall, the study achieved the relative precision targets 

expected based on the sample design.  
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Table 1-2: 2013 Custom Process Results by PA 

PA Results 

Annual  

MWh 

Summer  

On-Peak kW 

Winter  

On-Peak kW 

Peak  

MWh 

National Grid (n=22)         

Total Tracking Savings 10,585  1,369  1,341  6,773  

Total Measured Savings 7,067  889  996  4,870  

Realization Rate 66.8% 65.0% 74.3% 71.9% 

Error Ratio 0.63 0.88 1.05 0.77 

90% Confidence         

Relative Precision at 90% Confidence 15.1% 21.2% 25.3% 18.9% 

Error Bound at 90% Confidence 1,066  189  253  920  

80% Confidence         

Relative Precision at 80% Confidence 11.8% 16.5% 19.8% 14.7% 

Error Bound at 80% Confidence 831  147  197  717  

Eversource - NSTAR Only (n = 8)         

Total Tracking Savings 5,435  418  930    

Total Measured Savings 5,038  422  679    

Realization Rate 92.7% 101.0% 73.0%   

Error Ratio 0.33 0.82 0.74   

90% Confidence         

Relative Precision at 90% Confidence 13.6% 41.1% 36.7%   

Error Bound at 90% Confidence 686  173  249    

80% Confidence         

Relative Precision at 80% Confidence 10.6% 32.0% 28.6%   

Error Bound at 80% Confidence 535  135  194    

Eversource - WMECO Only (n = 5)         

Total Tracking Savings 4,778  647  726    

Total Measured Savings 1,165  239  311    

Realization Rate 24.4% 36.9% 42.8%   

Error Ratio 0.90 0.52 0.74   

90% Confidence         

Relative Precision 43.9% 28.8% 27.3%   

Error Bound  512  69  85    

80% Confidence         

Relative Precision  34.2% 22.5% 21.3%   

Error Bound  399  54  66    

Eversource - All (NSTAR + WMECO)         

Total Tracking Savings 10,212  1,065  1,656    

Total Measured Savings 6,203  661  990    

Realization Rate 60.7% 62.0% 59.7%   

Error Ratio 0.43 0.71 0.74   

90% Confidence         

Relative Precision 13.8% 28.2% 26.6%   

Error Bound  856  186  263    

80% Confidence         

Relative Precision  10.8% 22.0% 20.7%   

Error Bound  667  145  205    
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1.3 Recommendations 

The evaluation team has the following recommendations based on the data collected, conclusions, results, 

and process of this impact evaluation. 

Recommendation 1: The realization results from this study should be used by the PAs to calculate the 

adjusted gross savings achieved by program year 2016 projects in this impact category. The results should 

also be applied to future program years until new realization rates are published. The sample was designed 

to provide realization rates for National Grid, Eversource-NSTAR Only, Eversource-WMECO Only, Eversource-

All, and statewide.  

1. The National Grid specific results should be used by National Grid since they exceed the design criteria 

for precision.  

2. The Eversource-WMECO stratum did not achieve its design criteria for precision on energy savings. 

Eversource should therefore either apply the Eversource-All results to its entire portfolio, or use the 

Eversource-NSTAR result for the NSTAR territory and the statewide result for the WMECO territory 

consistent with previous reporting.  

3. All other PAs should use the statewide realization rates. 

The realization rates results include six Lost Opportunity sample points found not be achieving any 

savings since the installed equipment represented industry accepted standard practice. Three of these 

sample points were new plastic injection molding machines. The evaluation team is currently completing 

an Injection Molding Market Assessment Baseline Study at the request of the PAs. This study will be 

completed in 2017. Once this baseline study is complete, the PAs should review the study’s 

recommendations along with the results of this impact evaluation. If the PAs change the program’s 

baseline assumptions for plastic injection molding machines based on the market assessment and 

baseline study results, then alternative realization rates for this impact category should be developed 

and published that account for these program changes.  

Recommendation 2: Future commercial and industrial custom measure impact evaluations should include 

an initial task in each evaluation that reviews and reports what actual project documentation was provided. 

The results of this review should be provided to the PAs and PAs should be given the opportunity to locate 

and provide additional files. There were multiple instances during this project when additional project 

documentation was provided after the M&V plan was agreed upon. In these cases, the evaluator did not 

know that this documentation was available and once provided the M&V plan or report required revision. 

Including a deliverable documenting the information expected and provided will ensure that the PAs and 

evaluators have a common understanding of the material that supports the tracking savings claimed.  

Recommendation 3: Future commercial and industrial custom measure impact evaluations should include 

language in the Stage 3 work plan that clearly defines the PA’s tasks and associated time frame for each 

task. Multiple site-specific reports were delayed during this evaluation due to multiple factors and agreement 

on the commitment required by all parties during project planning would have helped prevent some of these 

delays. The evaluators valued the input from the PAs throughout the project and recognize that the 

complexity of these sites required significant PA time commitment. The intent should be to ensure that all 

parties are in agreement regarding the PA’s involvement throughout the project and allow the PAs to plan 

appropriately.  

Recommendation 4: Future commercial and industrial custom measure impact evaluations should include 

language in the Stage 3 work plan that clearly defines an agreed standard schedule for each site-specific 
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M&V study. Multiple site-specific reports were delayed during this evaluation due to multiple factors and an 

agreed schedule for completion would have helped prevent unnecessary project delays. For example, the 

time between the completion of the final on-site data collection to the delivery or the first draft report could 

be set to two months unless the PA and evaluator agree on a deviation from the standard schedule.  The 

intent should be to reduce the time to complete a custom impact evaluation, ensure that all parties are in 

agreement regarding the expected timeline, and discuss the impact on the timeline when site-specific 

decisions are required.   

1.4 Considerations 

The following considerations are specific to changes the PAs could make in the delivery of their energy 

efficiency programs. Additional considerations based on each site’s evaluation are summarized in Appendix E. 

1. Consider requiring the collection of at least one day of pre-retrofit equipment consumption for projects 

expected to provide more than 100,000 kWh in annual savings. Multiple sampled projects relied on spot 

metering (15-minutes or less) of pre-retrofit equipment. While any pre-retrofit consumption data is 

better than no data, there were cases for which it was unknown to the evaluator if the metering data 

accurately represented the variability in baseline consumption due to the short duration of the metering. 

Requiring at least one day of metering should improve the accuracy of program savings estimates. 

2. Consider including a summary of the baseline selection in the project documentation. Especially given 

the adoption of a new evaluation baseline framework, the program should document how the baseline 

was determined for unique custom projects in this impact category and provide clear statements on 

each decision made. This will be especially important when the program selected baseline for a Lost 

Opportunity project is a different system type than the pre-existing equipment at a facility.  

3. Consider requiring a discussion of why any pre-retrofit equipment that is at least 20 years old is not at 

or near the end of its useful life. This will become especially important as the PAs transition to using dual 

baselines over the measure lifetime.  Multiple sampled projects included older pre-retrofit equipment 

that was being maintained by the end user and no discussion was provided regarding the remaining life 

of the equipment. In the future, if the program does not provide documentation supporting its 

assumption that the pre-retrofit equipment would exist over the life of the measure, there is an 

increased risk that the evaluation finds that the pre-retrofit equipment was at or near the end of its life.  

4. Significant improvements to IMM technology entered the market after 1995.  If the only proxy machine 

available for the baseline was installed before 1995, consider adjusting the baseline energy intensity to 

account for the more efficient equipment available in today’s market.   

5. The PAs should consider adding the following information to a list of industry accepted standard practice 

findings made through site-specific impact evaluations.  These conclusions are based solely on the 

research completed as part of this impact evaluation documented in Appendix F. In addition to the list 

below, the evaluation team is completing an Injection Molding Market Assessment Baseline Study to 

provide further recommendations on the baseline assumptions for this equipment. 

- All-electric plastic injection molding machines were found to be industry accepted standard practice 

for the production of parts for the medical industry at Eversource 14, National Grid 03, and Unitil 01. 

- Portable desiccant dryers were found to be industry accepted standard practice for the removal of 

moisture from the plastic resin used in injection molding at Eversource 15. 

- Raymond roller mills were found to be industry accepted standard practice for limestone milling at 

Eversource 11. 
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- Fully-solid-state induction heating systems were found to be industry accepted standard practice for 

semiconductor manufacturing at National Grid 06. 

6. The PAs should review the site-specific considerations summarized in Appendix E. Multiple sites 

produced baseline assumption considerations for specific technologies or facility types based on the 

research completed. 

1.5 Future research considerations 

The following considerations are specific to the design and structure of future Custom impact evaluations of 

the PAs programs. 

1. Consider evaluating all interactive projects at the same site, regardless of the original impact category, 

at the same time. The evaluation at one site was complicated due to the existence of multiple interactive 

measures installed at the same time but reported under different impact categories. 

2. Consider documenting expectations in the Stage 3 workplan specific to evaluators directly contacting 

tracking contractors or in-house analysts with questions. Multiple sites had limited, confusing, or 

unsupported assumptions made in the tracking analysis. The evaluators could have a standard process 

through which to ask questions to the TA contractor or analyst during site M&V planning that is 

supported by the PAs. This should resolve many questions regarding why an assumption was made, 

duration of metering, control of pre-retrofit equipment, etc. The TA can likely also provide the evaluator 

with information specific to data availability and monitoring constraints. 

3. Consider documenting what interviews are expected under the scope or work. During the evaluation of 

multiple sites, the PAs questioned if the evaluators had contacted or interviewed specific project 

stakeholders such as vendors, controls contractors, customer corporate management, and other PA staff. 

In the future, the Stage 3 work plan could document what the scope of work and budgeting assumptions 

are for this type of data collection. 

4. Consider planning for more discussion and adjustment at the M&V Plan Update stage. The M&V Plan 

Update was a new deliverable created for this impact evaluation. The Update created a consistent 

platform for evaluation contractor staff to communicate what information was learned during the site 

visit, what monitoring equipment was installed, and what commitments the site made for providing data. 

The Updates proved to be a constructive part of the project. During future impact evaluations, any 

changes to the planned data collection or analysis methodology should be documented and agreed on at 

this time. It will benefit both the evaluators and PAs to set expectations regarding the analysis up front 

and then adjust as more information becomes available. In each case, an effort should be made to state 

the basic parameters expected to be used, the basic structure of the consumption or savings equation, 

and the data sources to be used. 

1.5.1 Baseline Review Considerations 

These considerations are specific to future baseline review efforts. 

1. Consider documenting the expected process for baseline review in the Stage 3 work plan, including how 

the evaluators, PAs, and EEAC consultants will agree on any adjustments. Future evaluations will require 

alignment with the recent evaluation baseline framework and need to complete regular standard practice 

research. One goal of the baseline review should be to determine if any major baseline adjustment prior 

to conducting any field work to ensure that field work is not unnecessarily performed. One step in the 
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process could be to review the baseline assumptions used in the population or the sample before any 

site-specific M&V planning is completed. The process should also show what actions the evaluation staff 

will take based on the responses received to interview questions. For example, if the site contact 

indicates that the equipment purchased represents standard practice for their industry- a potential 

major adjustment - should the evaluator continue with monitoring equipment installation or take a 

different course of action? 

2. For in Stage 3 work plan, consider including or referencing a standard baseline assumption review 

instrument to be used for all sampled participants. The Stage 3 workplan should also state that 

achieving responses to the questions is within the project scope of work. 

3. Consider including an anticipated baseline review methodology in the site specific M&V plan. This 

methodology should include completion of the standard review instrument mentioned above and any 

additional site-specific questions. The additional site-specific questions should be created and agreed on 

between the PA and evaluator before the site visit occurs and are in addition to those suggested above. 

4. Consider including a file review task that includes documenting the type of project, assumed baseline, 

assumed proposed case and metered data, including any use of proxies in the tracking analysis. The 

evaluation could also be scoped to specifically document how the baseline framework should be applied 

to the project. 

5. The PA evaluation staff should consider participating in any follow up interviews completed as part of the 

baseline review. For multiple sites with baseline adjustments, the PA requested additional information 

after receiving the evaluation’s initial conclusions. In many cases, the additional phone interviews were 

completed and additional data was gathered. However, the evaluation’s conclusions based on the 

additional data gathered did and will likely require some judgment by the evaluation team. Consensus 

on the baseline would likely have been reached earlier if PA evaluation staff had participated in these 

follow up interviews.  
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2 INTRODUCTION 

This document presents the final report for DNV GL’s Impact Evaluation of 2013 Electric Custom Process 

Installations, conducted for the Massachusetts Program Administrators (PAs) under the guidance of the 

Massachusetts Energy Efficiency Advisory Council (EEAC) Consultants. This custom process impact group 

represented 4% of the statewide electric large commercial and industrial electric energy efficiency portfolio 

in 2013 and 7% of the 2013 statewide custom commercial and industrial electric portfolio. The PAs 

previously completed an impact evaluation of 2010 electric custom process installations.2 

2.1 Study objectives 

The objective of this impact evaluation was to provide verification or re-estimation of electric energy and 

demand savings estimates for a sample of custom electric projects through site-specific inspection, 

monitoring, and analysis. The extrapolated realization rate results of this study will be applied to the custom 

process electric energy efficiency measures completed in 2016 to determine the final achieved adjusted 

gross savings for the impact category. Extrapolated realization rates were determined at the statewide level 

as well as separately for National Grid, Eversource-NSTAR Only, Eversource-WMECO Only, and Eversource-

All.   

The evaluation utilized stratified random sampling to select projects for evaluation. The sample design for 

this study was expected to achieve a statewide electric energy savings realization rate result with ±15% 

relative precision at the 90% confidence interval, and statewide summer and winter peak demand savings 

realization rate results with ±20% relative precision at the 80% confidence interval.  

2.2 Methods  

DNV GL utilized the following approach for this impact evaluation: 

1. Examined the 2013 large C&I population to understand the relative impact of custom process measures 

in the statewide and PA portfolios.   

2. Designed an efficient sampling plan for the selection of custom process projects for on-site visits to 

achieve the agreed relative precision targets using the previous evaluation’s resulting error ratios. 

3. Reviewed the formulas, calculations, and factors used in the development of the tracking savings for 

each sampled participant to develop site-specific M&V plans. 

4. Performed comprehensive data collection at each sample site to support an independent analysis of 

achieved gross energy and demand savings realization rates. 

5. Established a site-specific baseline for each sampled project based on the materials reviewed and 

additional data collected. 

6. Completed an independent custom analysis estimating the achieved gross energy and demand savings 

for each sampled project. 

7. Documented the evaluation activities completed in a comprehensive site specific M&V report. 

8. Extrapolated the sample results to the population to estimate PA and statewide realization rates for the 

impact category. 

                                                
2 KEMA Inc, Impact Evaluation of 2010 Custom Process and Compressed Air Installations, May 30, 2012 
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3 METHODOLOGY 

3.1 Sample development 

The DNV GL team developed a sampling population from program participation data provided by the PAs. 

The PAs determined relative precision and confidence interval targets using this sampling population along 

with information provided by the DNV GL team. This information included characteristics of the sampling 

population, the relative impact of the sampling population to each PA’s electric portfolio, and historic 

evaluation targets and results. 

Once the PAs set the sampling targets, the DNV GL team selected a primary and back-up sample for the 

evaluation that minimized the number of sample points required to meet the targets, and provided these 

samples to the PAs for review. Each PA provided the DNV GL team with documentation supporting the 

tracked savings for each primary sample point. 

3.1.1 Previous results 

Table 3-1 shows the sample design used and associated results for energy from the impact evaluation of 

2010 custom process measures. Table 3-2 shows the achieved results for demand savings from the same 

study.  The achieved error ratios from the previous study were used as the basis for the expected error 

ratios in the sample design.   

Table 3-1. 2010 Custom process impact evaluation, energy (kWh) sample design and results 

PA 
Sampling 

population 
(N) 

Total tracked 
savings 
(kWh) 

Sample 

(n) 

Anticipated 

RP @ 90%CI 

Achieved 
RP @ 

90%CI 

Achieved 
Error 
Ratio 

Eversource 49 11,273,135 13       

NSTAR 35 6,932,947 8 ±18% ±23% 0.68 

WMECO 14 4,340,188 5 ±31% ±32% 0.59 

National Grid 45 11,469,099 13 ±16% ±24% 0.84 

Unitil 4 145,641 2       

Statewide 98 22,887,875 28   ±15% 0.74 

 

Table 3-2: 2010 Custom process impact evaluation, summer demand (kW) results 

PA 

Sampling 

population 
(N) 

Total tracked 

savings 
(kW) 

Sample 
(n) 

Anticipated 
RP@ 80%CI 

Achieved 

RP@ 
80%CI 

Achieved 

error 
ratio 

Eversource 49 1,508 13       

NSTAR 35 1,063 8 ±22.76% ±31% 0.87 

WMECO 14 445 5 ±38.72% ±38% 1.02 

National Grid 45 1,307 12 ±21.33% ±19% 1.65 

Unitil 4 18 2       

Statewide 98 2,833 28   ±24% 1.3 
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3.1.2 Sample targets 

Based on the results achieved in the previous study, this study’s sample design assumed error ratios of 0.75 

for energy and 1.30 for demand. The sampling targets for this study were determined through an in-depth 

review of the impact category’s relative savings impact on each PA’s energy efficiency portfolio. The PAs 

were presented with multiple sampling scenarios: two that would meet the original targets of ±10% on 

energy at the 90% confidence interval and ±10% on demand at the 80% confidence interval statewide, and 

others that would achieve different targets for either energy or demand. The final sampling targets were set 

at a desired energy level for each PA so that each PA could use a result specific to their programs for future 

impact reporting. Table 3-3 shows the primary sampling targets approved by the PAs. Note that there was 

not a specific precision target for demand. 

Table 3-3: Primary sampling targets 

PA Primary sampling target 

Eversource   

  NSTAR ±30% on energy at the 90% confidence interval 

  WMECO ±30% on energy at the 90% confidence interval 

National Grid ±20% on energy at the 90% confidence interval 

Unitil No target due to the small population 

 

3.1.3 Sample design 

The final sample design for this project is shown in Table 3-4. Overall, the project was designed to achieve 

statewide results with ±15% relative precision for energy savings at the 90% confidence interval, and ±20% 

relative precision for demand savings at the 80% confidence interval. The Eversource sample shown in the 

table is the sum of the NSTAR and WMECO samples, not a separate sample of projects. Since Unitil did not 

have enough sample points to produce its own PA-specific result and Cape Light Compact had no projects in 

the population, it was expected that each will use the statewide result in any future reporting. It was 

expected that National Grid would use its PA-specific result for future reporting.  Eversource was expected to 

use either the single Eversource result or the separate NSTAR and WMECO results. 

Table 3-4: Sample design, anticipated relative precision of results  

PA 
Sampling 

population 
(N) 

Sample 
(n) 

kWh RP 
(90% Conf.) 

Summer kW RP 
(80% Conf.) 

Winter kW RP 
(80% Conf.) 

Eversource 59 15 20.20% 27.70% 27.70% 

  NSTAR 38 9 30.00% 48.10% 40.20% 

  WMECO 21 6 27.10% 33.50% 38.30% 

National Grid 58 22 19.70% 27.40% 27.50% 

Unitil 3 2 N/A N/A N/A 

Statewide 120 39 13.90% 19.10% 19.60% 
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3.1.4 Sample stratification 

The sample design utilized stratification by energy savings in order to achieve the sample targets with the 

fewest number of sample points. Table 3-5 shows the strata utilized for this project, the original sample size 

within each stratum, and the probability of selection. 

Table 3-5: Original sample by strata 

PA Stratum 

Total 
tracked 
savings 
(kWh) 

Percent of 
PA savings 

Max. tracked 
savings 
(kWh) 

Sampling 
population 

(N) 

Sample 
size 
(n) 

Probability  
of 

selection 

NSTAR 

Small  1,149,586 21% 156,985 29 4 14% 

Medium  1,808,451 33% 485,500 7 3 43% 

Certainty 2,476,890 46% 1,650,970 2 2 100% 

WMECO 

Small  833,241 14% 149,951 16 2 13% 

Medium  1,777,708 30% 768,680 3 2 67% 

Certainty 3,249,064 55% 2,166,572 2 2 100% 

National 
Grid 

Small  3,771,088 36% 228,999 41 10 24% 

Medium  5,250,390 50% 487,584 15 10 67% 

Certainty 1,563,881 15% 988,230 2 2 100% 

Unitil ALL 270,418 100% 117,600 3 2 67% 

 

3.1.5 Sample and population changes 
The final evaluation sample and assumed population changed during the project. The following changes 

occurred: 

1. One WMECO certainty project was removed from the sample and the population. This project 

participated through a unique pilot initiative. Eversource, the EEAC consultants, and the evaluation team 

concluded that the project was unique and should not be included in the determination of a realization 

rate for this impact category. 

2. The tracked savings were reduced for one sampled Unitil project. Unitil informed the evaluation team 

that the tracked savings value shown in the data provided was incorrect as an adjustment was 

completed after data was provided to DNV GL. The final population and sampled tracked savings include 

this adjustment. 

3. One original NSTAR sample point was not evaluated and not replaced. The sample point was one of two 

measure installed at a waste water treatment facility. The evaluation team incorrectly evaluated only 

one of the measures instead of both measures. The final sample does not include this project. 

4. Four originally sampled projects were removed from the sample and replaced with other projects during 

the evaluation. These projects were removed due to refusal to participate in the evaluation study by the 

site. In all cases, both the evaluator and associated PA spoke with the participant before the sampled 

projects were removed.  Each project was replaced with a project within the same stratum. 
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3.1.6 Final sample 

Table 3-5 shows the characteristics of the final sample included in this evaluation. A description of each of 

the 37 projects is included in Appendix A. A detailed description of each project is provided in the site 

reports. 

Table 3-6: Original sample by strata 

PA Stratum 

Total 
tracked 
savings 
(kWh) 

Percent of 
PA savings 

Max. tracked 
savings 
(kWh) 

Sampling 
population 

(N) 

Sample 
size 
(n) 

Probability  
of 

selection 

NSTAR 

Small  1,149,586 21% 156,985 29 4 14% 

Medium  1,808,451 33% 485,500 7 2 29% 

Certainty 2,476,890 46% 1,650,970 2 2 100% 

WMECO 

Small  833,241 17% 149,951 16 2 13% 

Medium  1,777,708 37% 768,680 3 2 67% 

Certainty 2,166,572 45% 2,166,572 1 1 100% 

National 
Grid 

Small  3,771,088 36% 228,999 41 10 24% 

Medium  5,250,390 50% 487,584 15 10 67% 

Certainty 1,563,881 15% 988,230 2 2 100% 

Unitil ALL 185,074 100% 117,600 3 2 67% 

 

3.2 Description of Methodology 

This section describes the general methodology used for both the development of site evaluation plans, the 

execution of the plans, and the final process for producing program results. Each site report in Appendix F 

describes the site-specific methodology in detail. 

3.2.1 Measurement and Evaluation Plans 

Following sample selection and prior to beginning any site visits, the evaluation team developed detailed 

measurement and evaluation plans for each sampled project. If multiple similar measures were to be 

evaluated at the same site, one plan was created. The plans included: a description of the project, a 

description of the tracking assumptions and methodology, expected verification method, expected data 

collection methods and strategies and the anticipated analysis methodology.  The PAs provided comments 

and edits to clarify and improve the plans prior to the plans being finalized. The EEAC consultants reviewed 

a sample of the plans. 

Evaluators anticipated utilizing the savings analysis methodologies from the Technical Assistance Study (TA) 

whenever possible. However, in a small number of cases, the TA methodology was unavailable or found to 

be incorrect or inappropriate. In those cases, the evaluators planned for an analysis more appropriate to the 

measure being evaluated and data to be collected. In most cases, adjustments to savings methodologies 

were presented and agreed to in the measurement and evaluation plans.    
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3.2.1.1 Site recruitment/interviews 

Site recruitment for this project was initiated by each PA, who contacted all sampled sites to inform them of 

the study and identify the primary contact. The PAs provided a list of contacts to the evaluation team along 

with approval to contact the customer. In some cases, the PA approved the evaluation team to proceed 

directly with recruitment using the information available in the project file. 

The evaluation team called each site contact to discuss the site details and schedule a site visit. This 

discussion was used to improve our understanding of the site, the project, and data available for the 

evaluation. Any new information received at this time was integrated into each site’s M&V plan. 

3.2.2 Data Collection for Verification, Analysis, and Reporting 

Data collection included physical inspection, an interview with facility personnel, observation of site 

operating conditions and equipment, metering of equipment usage, and collection of facility provided data. 

In some cases, multiple facility interviews were completed to ensure an accurate understanding of operating 

practice. In some cases, the evaluator also interviewed equipment vendors.  

The physical inspection focused on verifying measure installation and expected operation. For all but two 

projects, equipment was found to be installed and operating as expected. In one case, the measure was 

found to be installed, but the equipment was not operating. In another case, a controls measure was found 

to be installed, but the equipment affected by the installation was different than stated in the project 

documentation. Each site report includes the result of measure verification. 

Instrumentation such as power recorders, TOU current loggers, and temperature loggers were installed to 

monitor the usage of operating equipment and conditions of the associated affected spaces. Production data 

and EMS trends were also collected, when available.  Each site report includes a full description of the data 

collected and received. 

A unique savings analyses was created for each sampled project. When required, a typical meteorological 

year (TMY3) dataset of ambient temperatures was used for temperature sensitive calculations. Energy 

savings were either calculated by the hour in an 8,760 spreadsheet or allocated to each hour in the year in 

order to estimate on-peak savings impacts. Each analysis provided estimates for annual kWh savings, on-

peak kWh savings, and on-peak demand (kW) savings at the times of the winter and summer peaks, as 

defined by the ISO New England Forward Capacity Market (FCM).  All coincident summer and winter peak 

reductions were calculated using the following FCM definitions:  

1. Coincident Summer On-Peak kW Reduction is the average demand reduction that occurs over all hours 

between 1 PM and 5 PM on non-holiday weekdays in June, July and August. 

2. Coincident Winter On-Peak kW Reduction is the average demand reduction that occurs over all hours 

between 5 PM and 7 PM on non-holiday weekdays in December and January. 

Each site report details the specific analysis methods used for each project including algorithms, 

assumptions and calibration methods where applicable. Engineers submitted draft site reports to the PAs 

upon completion of each site evaluation. A sample of reports was also submitted to the EEAC consultants for 

review. The evaluation team responded to the comments received and submitted revised reports for 

comment. The final site reports are included in Appendix F. This report provides a concise overview of the 

evaluation methods and findings only. 
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3.2.2.1 Baseline Review 

The evaluation team completed an independent in-depth determination of the baseline for each sampled 

project. This evaluation was the first time that the PAs and EEAC requested an in-depth review of the project 

baseline assumptions for this impact category. The baseline determination primarily relied on interviews with 

facility personnel and equipment vendors. In some cases, a limited literature review was completed to better 

understand the equipment, its market, and regional program practices. A summary of the baseline review 

completed for each sampled site is included in Appendix B. Each site report describes the baseline review in 

detail. Table 3-7 summarizes the significant baseline adjustments made by the evaluation team. 

Table 3-7: Baseline adjustments 

Site ID 
Project 
ID(s) 

Project  
type(s) 

Baseline review summary 

Eversource_08 NC130026 
New  

Construction 

Baseline based on evaluator's experience with industry and 
programs in the state, original baseline assumptions were found 
to not be standard practice. Review included interview with 
installation vendor. Evaluation used alternative baseline 
representing standard practice for ice rink construction in 2013.  

Eversource_10 WR130265 Retrofit 

Baseline review included interview of facility manager, interview 
of facility owner, and independent review of assumed costs. 
Evaluation found that the installed system type (water-cooled) 
represents the standard practice for this application and is the 
most cost-effective option for the site when all installation costs 
are considered. Evaluation assumed a water-cooled process 
chilled water system in the baseline instead of the air-cooled 
system assumed by the program. 

Eversource_11 WR130172 Retrofit 

Baseline review included multiple interviews with facility personnel 
to understand unique project circumstances and standard 
practices for the industry. The project enabled a substantial 
increase in the site’s production volume. The evaluation concluded 
that the facility would not have completed the project in the 
absence of the program and that only the pre-retrofit production 
volume would have been met by the pre-existing equipment in 
the absence of the project. The evaluation also concluded that the 
equipment installed represents standard practice for the industry 
and therefore no savings are achieved due to production increases 
above what was previously occurring on-site. The program 
assumed that all of the post-installation production volume would 
have been met by the pre-retrofit equipment. Evaluated savings 
are based on the he pre-retrofit production volume and the 
different in operating efficiency between the pre- and post-retrofit 
equipment.  

Eversource_15 WC130030 
New  

Construction 

Baseline review included interview with facility, interview with 
baseline vendor, and interview with installed vendor. The installed 
equipment was determined to represent the standard practice for 
the customer and industry. 

National_Grid_06 2750673 
New  

Construction 

Evaluation completed interviews with site, baseline vendor and 
installed vendor to assess standard practice for installation. 
Evaluation found that installed equipment represented standard 
practice for the application. 

Eversource_14 WC130154 
New  

Construction 
IMM Projects: Baseline review included interview with facility. The 
responses to questions aligned with previous ISP research and 
current research occurring. The installed equipment at all of the 
facilities was found to be making parts for the medical industry 
and the installed equipment was represented the standard 
practice for each application. 

National_Grid_03 
2602447,  
3071628 

New  
Construction 

Unitil_01 51284 
New  

Construction 
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4 FINDINGS 

4.1 Site-level findings 

Figure 4-1 presents a scatter plot of evaluated annual energy (MWh) savings plotted against the PA tracking 

savings. The data points shown are the actual unweighted values. The solid line represents a realization rate 

of 100%. The slope of the dashed green line is the statewide realization rate. Since the dashed line is below 

the 100% line, the realization rate is less than 100%. The scatter of the data around the dashed line 

indicates the variation savings between the tracking estimates and evaluated savings. Individual site results 

are shown in Appendix C. 

Figure 4-1: Annual Energy, Evaluated Savings vs. Tracking Savings 

 

 

There are many reasons for the differences between evaluated and tracking savings. A summary of these 

reasons for savings variance is provided in Appendix D. The individual site reports provide a detailed 

discussion of the savings variance and the discrepancies that drove it. The following reasons occurred at 

multiple sites: 

1. Differences between the as-found annual production volume or hours of operation compared to those 

assumed in the tracking analysis. This both increased and decreased savings at different projects. 

2. Differences between the actual demand or production intensity of the installed equipment based on 

evaluation monitoring and the demand or intensity estimates used in the tracking analysis. 

3. Adjustments to the baseline made by the evaluation. The evaluation adjusted the baseline demand or 

production intensity to more accurately estimate the consumption of new equipment versus the older 

and differently sized proxy equipment used to estimate baseline consumption in the tracking analysis. 

4. Baseline found to be standard practice. Evaluated savings for six sampled projects are 0 kWh. For these 

projects, the evaluation found that the installed equipment represented standard practice for the 

application.  



 

 

DNV GL – www.dnvgl.com                                                               4/7/2017 Page 16 

 

4.2 Retrospective realization rates 

The site level evaluation results were extrapolated to the population using the final probabilities of selection. 

The PA realization rates were estimated and then applied to each PA’s total tracking savings to determine 

their total measured savings. The statewide realization rate is the ratio of the total measured savings to the 

total tracking savings, each of which is calculated by summing across the PAs. Table 4-1 summarizes the 

statewide results of this analysis. The table shows the results for three of the four measures of savings. 

State wide peak kWh savings was not calculated because not all PAs provide tracking system data on this 

measurement. The results of DNV GL’s analysis of realization rates by PA follow in Table 4-2.  The realization 

rates for percent on-peak kWh savings are provided in this table for National Grid.   

Table 4-1: 2013 Custom Process Statewide Results 

Statewide Results 
Annual  

MWh 

Summer  

On-Peak  
kW 

Winter  

On-Peak 
kW 

Total Tracking Savings 20,983  2,491  3,035  

Total Evaluated Savings 13,272  1,551  1,986  

Realization Rate 63.2% 62.3% 65.4% 

Error Ratio 0.54  0.81  0.89  

90% Confidence       

Relative Precision  10.3% 17.1% 18.4% 

Error Bound  1,367  265  365  

80% Confidence       

Relative Precision  8.0% 13.3% 14.3% 

Error Bound  1,065  207  284  

 
  



 

 

DNV GL – www.dnvgl.com                                                               4/7/2017 Page 17 

 

Table 4-2: 2013 Custom Process Results by PA 

PA Results 
Annual  
MWh 

Summer  
On-Peak kW 

Winter  
On-Peak kW 

Peak  
MWh 

National Grid (n=22)         

Total Tracking Savings 10,585  1,369  1,341  6,773  

Total Measured Savings 7,067  889  996  4,870  

Realization Rate 66.8% 65.0% 74.3% 71.9% 

Error Ratio 0.63 0.88 1.05 0.77 

90% Confidence         

Relative Precision at 90% Confidence 15.1% 21.2% 25.3% 18.9% 

Error Bound at 90% Confidence 1,066  189  253  920  

80% Confidence         

Relative Precision at 80% Confidence 11.8% 16.5% 19.8% 14.7% 

Error Bound at 80% Confidence 831  147  197  717  

Eversource - NSTAR Only (n = 8)         

Total Tracking Savings 5,435  418  930    

Total Measured Savings 5,038  422  679    

Realization Rate 92.7% 101.0% 73.0%   

Error Ratio 0.33 0.82 0.74   

90% Confidence         

Relative Precision at 90% Confidence 13.6% 41.1% 36.7%   

Error Bound at 90% Confidence 686  173  249    

80% Confidence         

Relative Precision at 80% Confidence 10.6% 32.0% 28.6%   

Error Bound at 80% Confidence 535  135  194    

Eversource - WMECO Only (n = 5)         

Total Tracking Savings 4,778  647  726    

Total Measured Savings 1,165  239  311    

Realization Rate 24.4% 36.9% 42.8%   

Error Ratio 0.90 0.52 0.74   

90% Confidence         

Relative Precision 43.9% 28.8% 27.3%   

Error Bound  512  69  85    

80% Confidence         

Relative Precision  34.2% 22.5% 21.3%   

Error Bound  399  54  66    

Eversource - All (NSTAR + WMECO)         

Total Tracking Savings 10,212  1,065  1,656    

Total Measured Savings 6,203  661  990    

Realization Rate 60.7% 62.0% 59.7%   

Error Ratio 0.43 0.71 0.74   

90% Confidence         

Relative Precision 13.8% 28.2% 26.6%   

Error Bound  856  186  263    

80% Confidence         

Relative Precision  10.8% 22.0% 20.7%   

Error Bound  667  145  205    

  



 

 

DNV GL – www.dnvgl.com                                                               4/7/2017 Page 18 

 

4.3 Comparison to prior findings 

This is the second statewide impact evaluation of custom process projects. The first custom process 

evaluation was completed in 2012 and included projects installed during the 2010 program year. Table 4-3 

compares the current study’s results to the prior results. In general, the realization rates are lower, but the 

error ratios in the sample improved. However, this was not universally the case. 

Table 4-3: Comparison of current results to prior results 

Sampling Stratum Annual MWh 
Summer On-

Peak kW 
Winter On-Peak 

kW 
On-Peak 

MWh 

National Grid         

Realization Rate 66.8% 65.0% 74.3% 71.9% 

Error Ratio 0.63 0.88 1.05 0.77 

Prior Results         

Realization Rate 67.7% 95.7% 82.2% 68.2% 

Error Ratio 0.84 1.65 1.75 0.82 

Eversource - NSTAR Only         

Realization Rate 92.7% 101.0% 73.0%   

Error Ratio 0.33 0.82 0.74   

Prior Results         

Realization Rate 104.3% 79.8% 110.6%   

Error Ratio 0.68 0.87 0.76   

Eversource - WMECO Only          

Realization Rate 24.4% 36.9% 42.8%   

Error Ratio 0.90 0.52 0.74   

Prior Results         

Realization Rate 51.3% 45.4% 51.7%   

Error Ratio 0.59 1.02 0.86   

Statewide         

Realization Rate 63.2% 62.3% 65.4%   

Error Ratio 0.54 0.81 0.89   

Prior Results         

Realization Rate 76.2% 82.0% 87.8%   

Error Ratio 0.74 1.30 1.23  -  
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5 CONCLUSIONS AND RECOMMENDATIONS 

This section presents conclusions, recommendations, considerations, and opportunities for future research. 

5.1 Conclusion 

This evaluation achieved its objective and provided the verification or re-estimation of electric energy and 

demand savings estimates for a sample of custom electric projects through site-specific inspection, 

monitoring, and analysis. Extrapolated realization rates were determined at the statewide level as well as 

separately for National Grid, Eversource-NSTAR Only, Eversource-WMECO Only, and Eversource-All.   

The sample design for this study was expected to achieve a statewide electric energy savings realization rate 

result with ±15% relative precision at the 90% confidence interval, and a statewide summer and winter 

peak demand savings realization rate results with ±20% relative precision at the 80% confidence interval. 

The evaluation met these targets by achieving ±10.3% relative precision at the 90% confidence interval for 

energy savings, and a statewide demand realization rate results with ±13.3% relative precision at the 80% 

confidence interval for summer, and 14.3% for winter. 

The sample design also included relative precision targets for PA specific results. Table 5-1 shows if the 

original sample design target precision levels were achieved. All targets were achieved except for the annual 

energy savings in the Eversource WMECO stratum.  

Table 5-1: Achievement of relative precision target 

PA Results 
Annual 
MWh 

Summer  
On-Peak 

 kW 

Winter  
On-Peak  

kW 

Statewide (n=37) Yes Yes Yes 

National Grid (n=22) Yes Yes Yes 

Eversource - NSTAR Only (n = 8) Yes Yes Yes 

Eversource - WMECO Only (n = 5) No Yes Yes 

Eversource - All (NSTAR + WMECO) Yes Yes Yes 

5.2 Recommendations 

The evaluation team has the following recommendations based on the data collected, conclusions, results, 

and process of this impact evaluation. 

Recommendation 1: The realization results from this study should be used by the PAs to calculate the 

adjusted gross savings achieved by program year 2016 projects in this impact category. The results should 

also be applied to future program years until new realization rates are published. The sample was designed 

to provide realization rates for National Grid, Eversource-NSTAR Only, Eversource-WMECO Only, Eversource-

All, and statewide.  

1. The National Grid specific results should be used by National Grid since they exceed the design criteria 

for precision.  

2. The Eversource-WMECO stratum did not achieve its design criteria for precision on energy savings. 

Eversource should therefore either apply the Eversource-All results to its entire portfolio, or use the 

Eversource-NSTAR result for the NSTAR territory and the statewide result for the WMECO territory 

consistent with previous reporting.  

3. All other PAs should use the statewide realization rates. 
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The realization rates results include six Lost Opportunity sample points found not be achieving any 

savings since the installed equipment represented industry accepted standard practice. Three of these 

sample points were new plastic injection molding machines. The evaluation team is currently completing 

an Injection Molding Market Assessment Baseline Study at the request of the PAs. This study will be 

completed in 2017. Once this baseline study is complete, the PAs should review the study’s 

recommendations along with the results of this impact evaluation. If the PAs change the program’s 

baseline assumptions for plastic injection molding machines based on the market assessment and 

baseline study results, then alternative realization rates for this impact category should be developed 

and published that account for these program changes.  

Recommendation 2: Future commercial and industrial custom measure impact evaluations should include 

an initial task in each evaluation that reviews and reports what actual project documentation was provided. 

The results of this review should be provided to the PAs and PAs should be given the opportunity to locate 

and provide additional files. There were multiple instances during this project when additional project 

documentation was provided after the M&V plan was agreed upon. In these cases, the evaluator did not 

know that this documentation was available and once provided the M&V plan or report required revision. 

Including a deliverable documenting the information expected and provided will ensure that the PAs and 

evaluators have a common understanding of the material that supports the tracking savings claimed.  

Recommendation 3: Future commercial and industrial custom measure impact evaluations should include 

language in the Stage 3 work plan that clearly defines the PA’s tasks and associated time frame for each 

task. Multiple site-specific reports were delayed during this evaluation due to multiple factors and agreement 

on the commitment required by all parties during project planning would have helped prevent some of these 

delays. The evaluators valued the input from the PAs throughout the project and recognize that the 

complexity of these sites required significant PA time commitment. The intent should be to ensure that all 

parties are in agreement regarding the PA’s involvement throughout the project and allow the PAs to plan 

appropriately.  

Recommendation 4: Future commercial and industrial custom measure impact evaluations should include 

language in the Stage 3 work plan that clearly defines an agreed standard schedule for each site-specific 

M&V study. Multiple site-specific reports were delayed during this evaluation due to multiple factors and an 

agreed schedule for completion would have helped prevent unnecessary project delays. For example, the 

time between the completion of the final on-site data collection to the delivery or the first draft report could 

be set to two months unless the PA and evaluator agree on a deviation from the standard schedule.  The 

intent should be to reduce the time to complete a custom impact evaluation, ensure that all parties are in 

agreement regarding the expected timeline, and discuss the impact on the timeline when site-specific 

decisions are required.   

5.3 Considerations 

The following considerations are specific to changes the PAs could make in the delivery of their energy 

efficiency programs. Additional considerations based on each site’s evaluation are summarized in Appendix E. 

1. Consider requiring the collection of at least one day of pre-retrofit equipment consumption for projects 

expected to provide more than 100,000 kWh in annual savings. Multiple sampled projects relied on spot 

metering (15-minutes or less) of pre-retrofit equipment. While any pre-retrofit consumption data is 

better than no data, there were cases for which it was unknown to the evaluator if the metering data 
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accurately represented the variability in baseline consumption due to the short duration of the metering. 

Requiring at least one day of metering should improve the accuracy of program savings estimates. 

2. Consider including a summary of the baseline selection in the project documentation. Especially given 

the adoption of a new evaluation baseline framework, the program should document how the baseline 

was determined for unique custom projects in this impact category and provide clear statements on 

each decision made. This will be especially important when the program selected baseline for a Lost 

Opportunity project is a different system type than the pre-existing equipment at a facility.  

3. Consider requiring a discussion of why any pre-retrofit equipment that is at least 20 years old is not at 

or near the end of its useful life. This will become especially important as the PAs transition to using dual 

baselines over the measure lifetime.  Multiple sampled projects included older pre-retrofit equipment 

that was being maintained by the end user and no discussion was provided regarding the remaining life 

of the equipment. In the future, if the program does not provide documentation supporting its 

assumption that the pre-retrofit equipment would exist over the life of the measure, there is an 

increased risk that the evaluation finds that the pre-retrofit equipment was at or near the end of its life.  

4. Significant improvements to IMM technology entered the market after 1995.  If the only proxy machine 

available for the baseline was installed before 1995, consider adjusting the baseline energy intensity to 

account for the more efficient equipment available in today’s market.   

5. The PAs should consider adding the following information to a list of industry accepted standard practice 

findings made through site-specific impact evaluations.  These conclusions are based solely on the 

research completed as part of this impact evaluation documented in Appendix F. In addition to the list 

below, the evaluation team is completing an Injection Molding Market Assessment Baseline Study to 

provide further recommendations on the baseline assumptions for this equipment. 

- All-electric plastic injection molding machines were found to be industry accepted standard practice 

for the production of parts for the medical industry at Eversource 14, National Grid 03, and Unitil 01. 

- Portable desiccant dryers were found to be industry accepted standard practice for the removal of 

moisture from the plastic resin used in injection molding at Eversource 15. 

- Raymond roller mills were found to be industry accepted standard practice for limestone milling at 

Eversource 11. 

- Fully-solid-state induction heating systems were found to be industry accepted standard practice for 

semiconductor manufacturing at National Grid 06. 

6. The PAs should review the site-specific considerations summarized in Appendix E. Multiple sites 

produced baseline assumption considerations for specific technologies or facility types based on the 

research completed. 

5.4 Future research considerations 

The following considerations are specific to the design and structure of future Custom impact evaluations of 

the PAs programs. 

1. Consider evaluating all interactive projects at the same site, regardless of the original impact category, 

at the same time. The evaluation at one site was complicated due to the existence of multiple interactive 

measures installed at the same time but reported under different impact categories. 

2. Consider documenting expectations in the Stage 3 workplan specific to evaluators directly contacting 

tracking contractors or in-house analysts with questions. Multiple sites had limited, confusing, or 
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unsupported assumptions made in the tracking analysis. The evaluators could have a standard process 

through which to ask questions to the TA contractor or analyst during site M&V planning that is 

supported by the PAs. This should resolve many questions regarding why an assumption was made, 

duration of metering, control of pre-retrofit equipment, etc. The TA can likely also provide the evaluator 

with information specific to data availability and monitoring constraints. 

3. Consider documenting what interviews are expected under the scope or work. During the evaluation of 

multiple sites, the PAs questioned if the evaluators had contacted or interviewed specific project 

stakeholders such as vendors, controls contractors, customer corporate management, and other PA staff. 

In the future, the Stage 3 work plan could document what the scope of work and budgeting assumptions 

are for this type of data collection. 

4. Consider planning for more discussion and adjustment at the M&V Plan Update stage. The M&V Plan 

Update was a new deliverable created for this impact evaluation. The Update created a consistent 

platform for evaluation contractor staff to communicate what information was learned during the site 

visit, what monitoring equipment was installed, and what commitments the site made for providing data. 

The Updates proved to be a constructive part of the project. During future impact evaluations, any 

changes to the planned data collection or analysis methodology should be documented and agreed on at 

this time. It will benefit both the evaluators and PAs to set expectations regarding the analysis up front 

and then adjust as more information becomes available. In each case, an effort should be made to state 

the basic parameters expected to be used, the basic structure of the consumption or savings equation, 

and the data sources to be used. 

5.4.1 Baseline Review Considerations 

These considerations are specific to future baseline review efforts. 

1. Consider documenting the expected process for baseline review in the Stage 3 work plan, including how 

the evaluators, PAs, and EEAC consultants will agree on any adjustments. Future evaluations will require 

alignment with the recent evaluation baseline framework and need to complete regular standard practice 

research. One goal of the baseline review should be to determine if any major baseline adjustment prior 

to conducting any field work to ensure that field work is not unnecessarily performed. One step in the 

process could be to review the baseline assumptions used in the population or the sample before any 

site-specific M&V planning is completed. The process should also show what actions the evaluation staff 

will take based on the responses received to interview questions. For example, if the site contact 

indicates that the equipment purchased represents standard practice for their industry- a potential 

major adjustment - should the evaluator continue with monitoring equipment installation or take a 

different course of action? 

2. For in Stage 3 work plan, consider including or referencing a standard baseline assumption review 

instrument to be used for all sampled participants. The Stage 3 workplan should also state that 

achieving responses to the questions is within the project scope of work. 

3. Consider including an anticipated baseline review methodology in the site specific M&V plan. This 

methodology should include completion of the standard review instrument mentioned above and any 

additional site-specific questions. The additional site-specific questions should be created and agreed on 

between the PA and evaluator before the site visit occurs and are in addition to those suggested above. 

4. Consider including a file review task that includes documenting the type of project, assumed baseline, 

assumed proposed case and metered data, including any use of proxies in the tracking analysis. The 
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evaluation could also be scoped to specifically document how the baseline framework should be applied 

to the project. 

5. The PA evaluation staff should consider participating in any follow up interviews completed as part of the 

baseline review. For multiple sites with baseline adjustments, the PA requested additional information 

after receiving the evaluation’s initial conclusions. In many cases, the additional phone interviews were 

completed and additional data was gathered. However, the evaluation’s conclusions based on the 

additional data gathered did and will likely require some judgment by the evaluation team. Consensus 

on the baseline would likely have been reached earlier if PA evaluation staff had participated in these 

follow up interviews.  
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APPENDIX A. SUMMARIES OF SAMPLED PROJECTS 

The following table provides a summary of the projects included in the final evaluation sample. 

Site ID 
Evaluation 

firm 
Project 
ID(s) 

Project 
Type(s) 

Project description (based on program documentation) 

Eversource_01 DNV GL NR130532 Retrofit Installation of energy efficient switch heaters for train transportation 

Eversource_02 SBW CS9502 
Lost 

Opportunity 

Installation of high-performance variable-volume fume hoods in place of constant 
volume fume hoods. The installed fume hoods have sash height monitors and a 
static pressure sensor in the exhaust to monitor the SP 

Eversource_03 DMI NR130729 Retrofit Installation of exhaust fan VFD and controls in a kitchen 

Eversource_04 SBW NR130486 Retrofit 
Installation of exhaust fan VFD and controls on 3 kitchen exhaust hoods and 
associated make-up air units 

Eversource_05 DMI BS12095 Retrofit 
Project includes 3 measures: installation of an ozone laundry system, installation 
of timers on outdoor light fixtures, and the replacement of 55 PTAC units with 
high efficiency PTHPs 

Eversource_06 SBW BS12093 Retrofit Replacement of 75-hp blowers with a 40-hp blower served by a VFD 

Eversource_07 SBW CS9578 
Lost 

Opportunity 
Replacement of a hotel's ice maker 

Eversource_08 DMI NC130026 
Lost 

Opportunity 
Construction of a new ice rink with a high efficiency ice making system and a high 
efficiency envelope 

Eversource_10 DMI WR130265 Retrofit 
Installation of upgrades to a process cooling plant, including an updated control 
sequence, a new chiller, new cooling tower fan, and new water pumps 

Eversource_11 DMI WR130172 Retrofit 
Replacement of limestone mill & dryer system with high efficiency counterparts of 
greater capacity 

Eversource_12 DNV GL WC130122 
Lost 

Opportunity 
Upgrade of production line to reduce the energy use per part. Energy use per 
production run increases, but production output increases a lot 

Eversource_14 DNV GL WC130154 
Lost 

Opportunity 
Installation of one new IMM 

Eversource_15 DMI WC130030 
Lost 

Opportunity 
Installation of a new desiccant dryer 

National_Grid_01 DNV GL 

2522537, 
2640700, 
2640702, 

3019017, 
2640701 

Lost 
Opportunity 

Installation of 5 injection molding machines (IMM) through 5 unique projects. 

National_Grid_02 DNV GL 2508908 
Lost 

Opportunity 
Installation of one IMM that replaced two IMMs. Commissioning Adjusted Savings. 

National_Grid_03 SBW 
2602447, 
3071628 

Lost 
Opportunity 

Installation of 2 IMMs through 2 unique projects. 
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Site ID 
Evaluation 

firm 
Project 
ID(s) 

Project 
Type(s) 

Project description (based on program documentation) 

National_Grid_04 DNV GL 3552102 Retrofit 
Installation of high efficiency snow making equipment to reduce compressed air 
requirements. Commissioning adjusted savings. 

National_Grid_05 DMI 995142 Retrofit Installation of VFDs on multiple existing IMMs and existing vacuum pumps. 

National_Grid_06 SBW 2750673 
Lost 

Opportunity 
Installation of a solid-state induction heating system 

National_Grid_07 SBW 621616 Retrofit Fine bubble aeration system at a treatment plant replacing mechanical aeration 

National_Grid_11 SBW 1937328 
Lost 

Opportunity 
Installation of 2 IMMs 

National_Grid_12 DNV GL 2508912 Retrofit 
Installation of one new compressor and one new process air dryer. 
Commissioning adjusted savings. 

National_Grid_13 SBW 3452162 Retrofit 
Installation of oven canopy and exhaust fans to improve ventilation and reduce 
cooling loads 

National_Grid_14 DNV GL 3250639 
Lost 

Opportunity 
Installation of 2 new IMMs 

National_Grid_15 DNV GL 2904796 Retrofit Installation of controls on a dishwasher exhaust fan 

National_Grid_16 DMI 2806509 Retrofit Replacement of existing cooking equipment with natural gas equipment 

National_Grid_17 SBW 1817398 Retrofit Replacement of electric domestic hot water heater with gas-fired hot water heater 

National_Grid_18 DNV GL 2820201 Retrofit 
Installation of casting process software to optimize mold design, intended to 
result in lower mold pour weights and reduced scrap weights in turn will reducing 
the electrical consumption 

National_Grid_19 SBW 1937325 
Lost 

Opportunity 
Installation of 2 new IMMs 

National_Grid_20 DNV GL 1942636 Retrofit 
Installation of controls software intended to reduce equipment run time by 
notifying plant managers when equipment was on during hours not usually part of 
production schedule. 

Unitil_01 DMI 51284 
Lost 

Opportunity 
Installation of one new IMM 

Unitil_02 DMI 46972 Retrofit Installation of a 25-hp dust collection fan with VFD control 
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APPENDIX B. BASELINE REVIEW SUMMARY 

The following table provides a summary of the baseline review findings by site and the activities completed specific to the baseline review. 

Site ID 
Project 
ID(s) 

Project 
type(s) 

Evaluation 
baseline 

technology 

same as TA? 

Baseline review summary 

Eversource_01 NR130532 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel 

Eversource_02 CS9502 Lost Opportunity Yes 
Approved TA baseline assumption based on alignment with National Grid 
baseline document and evaluator experience. Future evaluations would require 
creating some sort of ISP for laboratory exhaust systems and controls. 

Eversource_03 NR130729 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel 

Eversource_04 NR130486 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel  

Eversource_05 BS12095 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel  

Eversource_06 BS12093 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel  

Eversource_07 CS9578 Lost Opportunity Yes Used appliance standard as baseline 

Eversource_08 NC130026 Lost Opportunity No 
Baseline based on evaluator's experience with industry and programs in the 
state. Review included interview with installation vendor.  

Eversource_10 WR130265 Retrofit No 

Baseline review included interview of facility manager, interview of facility 
owner, and independent review of assumed costs. Evaluation concluded that 
the installed system type (water-cooled) represents the standard practice for 
this application and is the most cost-effective option for the site when all 
installation costs are considered. 

Eversource_11 WR130172 Retrofit Yes 

Baseline review included multiple interviews with facility personnel to 
understand unique project circumstances and standard practices for the 
industry. It was concluded that the facility would not have completed the 
project in the absence of the program, and the pre-retrofit production volume 
should be used to estimate savings. The evaluation also concluded that the 
equipment installed represents standard practice for the industry and therefore 
no savings are achieved due to production increases above what was 
previously occurring on-site. 

Eversource_12 WC130122 Lost Opportunity Yes 
Accepted TA developed custom baseline based on multiple interviews with site 
personnel 

Eversource_14 WC130154 Lost Opportunity No 
IMM project:  Baseline review included interview with facility. The responses to 
questions aligned with separate IMM ISP research. The installed equipment was 
determined to represent the standard practice for the IMM application. 



 
 

DNV GL – www.dnvgl.com                                                                                                 4/7/2017 Page B-2 

 

Site ID 
Project 
ID(s) 

Project 
type(s) 

Evaluation 
baseline 

technology 
same as TA? 

Baseline review summary 

Eversource_15 WC130030 Lost Opportunity No 
Baseline review included interview with facility, interview with baseline vendor, 
and interview with installed vendor. The installed equipment was determined to 
represent the standard practice for the customer and industry. 

National_Grid_01 

2522537, 
2640700, 
2640702, 
3019017, 
2640701 

Lost Opportunity Yes 
IMM project: Evaluation baseline based on interview of facility personnel and 
parts being produced. Accepted TA baseline that new hydraulic machine was 
standard practice for parts being manufactured. 

National_Grid_02 2508908 Lost Opportunity Yes 
IMM project: Evaluation baseline based on interview of facility personnel and 
parts being produced. Accepted TA baseline that new hydraulic machine was 
standard practice for parts being manufactured. 

National_Grid_03 
2602447, 
3071628 

Lost Opportunity No 
IMM project: Project determined to be invalid based on site interview and type 
of product being manufactured. Installed equipment was found to represent 
standard practice. 

National_Grid_04 3552102 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel. 

National_Grid_05 995142 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel.  

National_Grid_06 2750673 Lost Opportunity No 
Evaluation completed interviews with site, baseline vendor and installed vendor 
to assess standard practice for installation. Evaluation found that installed 
equipment represented standard practice for the application. 

National_Grid_07 621616 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel  

National_Grid_11 1937328 Lost Opportunity Yes 
IMM project: Evaluation baseline based on interview of facility personnel and 
parts being produced. Accepted TA baseline that new hydraulic machine was 
standard practice for parts being manufactured.  

National_Grid_12 2508912 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel  

National_Grid_13 3452162 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel.  

National_Grid_14 3250639 Lost Opportunity Yes 
IMM project: Evaluation baseline based on interview of facility personnel and 
parts being produced. Accepted TA baseline that new hydraulic machine was 
standard practice for parts being manufactured.  

National_Grid_15 2904796 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel  

National_Grid_16 2806509 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel 
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Site ID 
Project 
ID(s) 

Project 
type(s) 

Evaluation 
baseline 

technology 
same as TA? 

Baseline review summary 

National_Grid_17 1817398 Retrofit Yes 

Accepted pre-retrofit condition based on interview of site personnel. DNV GL 
team, PAs, and EEAC discussed the potential of switching project to time of 
replacement, but it was agreed that pre-retrofit equipment could have 
continued to be maintained and operated for many years. 

National_Grid_18 2820201 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel 

National_Grid_19 1937325 Lost Opportunity Yes 
IMM project: Evaluation baseline based on interview of facility personnel and 
parts being produced. Accepted TA baseline that new hydraulic machine was 
standard practice for parts being manufactured. 

National_Grid_20 1942636 Retrofit Yes Accepted pre-retrofit condition based on interview of site personnel 

Unitil_01 51284 Lost Opportunity No 
IMM project: Project determined to be invalid based on site interview and type 
of product. Installed equipment was found to be standard practice for the 
application. 

Unitil_02 46972 Retrofit Yes 
Evaluation completed interviews with site, baseline vendor and installed vendor 
to assess standard practice for installation. Evaluation found that installed 
equipment represented standard practice for the application. 
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APPENDIX C. SITE SAVINGS SUMMARY 

The following table shows the tracked and evaluated savings for every site in the final sample. 

Site ID 
Project 

ID(s) 

Sampling 

Stratum 

Annual 

Energy 

Savings 
(kWh) 

% On-

Peak 

Savings 

Summer 

On-Peak 

Demand 

Savings 

(kW) 

Winter On-

Peak 

Demand 

Savings 

(kW) 

Annual 

Energy 

Savings 
(kWh) 

% On-

Peak 

Savings 

Summer On-

Peak Demand 

Savings (kW) 

Winter On-

Peak Demand 

Savings (kW) 

Eversource_01 NR130532 Certainty 1,650,970 N/A 0.0 414.4 1,800,154 46.0% 0.0 414.4 

Eversource_02 CS9502 Small 63,596 N/A 0.5 7.3 101,462 47.0% 14.4 10.6 

Eversource_03 NR130729 Small 51,708 N/A 5.9 5.9 690 100.0% 0.1 -0.1 

Eversource_04 NR130486 Certainty 825,920 N/A 9.2 94.7 538,696 45.0% 19.9 112.0 

Eversource_05 BS12095 Medium 180,710 N/A 40.1 40.1 195,991 51.8% 15.0 27.9 

Eversource_06 BS12093 Small 90,155 N/A 24.7 24.7 74,973 27.0% 29.2 -5.8 

Eversource_07 CS9578 Small 638 N/A 0.1 0.1 504 46.0% 0.1 0.2 

Eversource_08 NC130026 Medium 328,254 N/A 40.0 30.0 291,233 46.6% 37.3 26.1 

Eversource_10 WR130265 Small 330,049 N/A 0.2 53.2 10,579 50.8% 2.3 1.3 

Eversource_11 WR130172 Small 2,166,572 N/A 323.0 323.0 472,318 135.0% 164.0 244.0 

Eversource_12 WC130122 Medium 768,680 N/A 132.0 132.0 474,020 47.0% 55.5 52.9 

Eversource_14 WC130154 Certainty 97,942 N/A 15.0 15.0 0 0.0% 0.0 0.0 

Eversource_15 WC130030 Medium 39,774 N/A 4.7 4.7 0 0.0% 0.0 0.0 

National_Grid_01 

2522537, 
2640700, 
2640702, 
3019017, 
2640701 

Certainty 397,792 48% 47.4 47.4 145,212 48.0% 19.1 15.6 

Small 291,550 48% 34.7 34.7 278,405 48.0% 36.5 29.9 

Small 291,550 48% 34.7 34.7 178,998 48.0% 23.5 19.3 

Medium 213,259 48% 25.4 25.4 138,190 48.0% 18.1 14.9 

Medium 291,550 48% 34.7 34.7 66,646 48.0% 8.7 7.2 

National_Grid_02 2508908 Medium 300,626 62% 46.0 46.0 384,842 47.0% 45.3 44.2 

National_Grid_03 
2602447, 
3071628 

Small 28,735 70% 5.0 5.0 0 0.0% 0.0 0.0 

Medium 28,888 70% 5.0 5.0 0 0.0% 0.0 0.0 

National_Grid_04 3552102 Medium 472,445 0% 0.0 0.0 221,487 38.1% 0.0 101.2 

National_Grid_05 995142 Small 442,906 53% 71.5 71.5 59,356 54.6% 8.3 8.1 

National_Grid_06 2750673 Small 160,000 46% 18.3 18.3 0 0.0% 0.0 0.0 

National_Grid_07 621616 Medium 575,651 47% 66.0 68.0 615,052 44.5% 65.5 65.7 

National_Grid_11 1937328 Medium 443,370 47% 53.4 51.0 708,837 66.0% 120.2 112.9 

National_Grid_12 2508912 Small 988,230 47% 114.7 114.7 602,378 46.0% 68.0 66.4 

National_Grid_13 3452162 Certainty 349,288 75% 68.5 68.5 133,290 49.5% 9.9 11.0 

National_Grid_14 3250639 Medium 125,411 67% 20.9 20.9 85,406 69.0% 15.3 13.8 

National_Grid_15 2904796 Small 10,481 0% 0.0 0.0 14,254 34.5% 0.1 2.5 

National_Grid_16 2806509 Medium 163,534 100% 43.0 36.0 125,769 56.0% 21.7 17.8 

National_Grid_17 1817398 Medium 154,176 39% 17.6 17.6 159,767 61.0% 23.2 29.4 

National_Grid_18 2820201 Certainty 138,026 97% 20.7 0.0 115,213 97.1% 11.4 0.0 

National_Grid_19 1937325 Medium 487,584 47% 59.1 55.9 519,559 66.0% 88.0 82.9 

National_Grid_20 1942636 Small 105,000 46% 26.3 26.3 5,875 15.6% 0.0 0.0 

Unitil_01 51284 Small 59,568 N/A 6.4 4.3 0 0.0% 0.0 0.0 

Unitil_02 46972 Small 7,906 N/A 2.4 1.6 472 100.0% 0.1 0.0 
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APPENDIX D. SITE VARIANCE SUMMARY 

The following table provides a brief summary of the primary reasons for the difference between the tracked and evaluated savings. 

Site ID 
Project 
ID(s) 

Energy 
RR 

Primary reasons for savings variance 

Eversource_01 NR130532 109% 
The variance in energy savings between tracking and evaluation is due strictly to the discrepancy in annual 
operational hours of the associated equipment. 

Eversource_02 CS9502 160% 

Energy savings increased primarily because airflow at the AHU was reduced more than was estimated by the 
TA, evaluators found. Secondarily, accounting for cooling savings during occupied periods by assigning a 
code-based chiller efficiency of 0.5 kW/ton IPLV, rather than the 1.0 kW/ton value implicitly used by the TA, 
further increased savings. 

Eversource_03 NR130729 1% 
The TA analysis was completed assuming the exhaust fan was 25-hp; however, the evaluation found the fan 
to be only 1.5-hp. A mathematical syntax error in the TA analysis also resulted in an overestimation of 
cooling energy savings.  

Eversource_04 NR130486 65% 

The primary reason for reduced savings was that the installed case fan’s operating hours were found to be 
greater than predicted in the TA proposed case. The baseline assumed continuous operation, so the increase 
in installed hours reduced the change in hours resulting from the project.  Differences between evaluation 
and proposed case make-up air temperatures further reduced heating and cooling savings. 

Eversource_05 BS12095 108% 

 Water heater energy usage for the ozone laundry measure is different in both the pre-retrofit and 
installed cases of the tracking and evaluation analyses. The source of this discrepancy is unclear, but 
likely attributable to differences between a load assumption used in the tracking analysis and a metered 
number of daily cycles used in the evaluation. The net result was an increase in savings due to the 
laundry measure.  

 The tracking analysis assumed that above 25°F, all heating would be handled by the heat pump 
elements; however, the evaluation found that some portion of the heating load was handled by the 
supplemental electric resistance heating element. This resulted in a reduction in savings due to PTHP 
installation.  

Eversource_06 BS12093 83% 
The primary reason for reduced savings was an increase in power draw of the installed blower above what 
was assumed in the TA analysis of the proposed case. This reduction was significantly offset by a secondary 
impact of decreased annual operating hours from those assumed for the claimed tracking savings. 

Eversource_07 CS9578 79% 

The evaluated savings reduction is primarily due to the installed ice maker being at lower capacity and 
operating at a lower duty cycle than was proposed by the TA. This suggests that baseline ice production, and 
thus energy consumption, was overestimated in the TA analysis. Differences in the relative efficiencies of the 
respective baseline and installed ice makers provided a secondary effect that partially offset the reductions. 

Eversource_08 NC130026 89% 
A detailed discrepancy analysis cannot be performed for this site due to a lack of clarity in the tracking study 
performance improvement calculations, as well as the PA’s use of correction factors to arrive at the claimed 
savings.  

Eversource_10 WR130265 3% 

The evaluation concluded that the appropriate baseline for this project was not the air-cooled system 
assumed by the program, but the installation of a standard efficiency 60-ton water-cooled process chiller with 
code-compliant performance and water-side free cooling for the base case system. The evaluation identified 
several errors in the tracking study calculations; correcting these errors decreased the predicted savings. The 
process chilled water load was found to be significantly lower than predicated. The TA calculations assumed 
the chiller to be fully loaded, while the evaluation identified the chiller to be no more than 50% loaded.  
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Site ID 
Project 
ID(s) 

Energy 
RR 

Primary reasons for savings variance 

Eversource_11 WR130172 22% 

The primary cause for the savings variance is a reduction in the annual tons of production used as in the 
determination of savings. The evaluation savings are based only on production that was switched from the 
pre-retrofit equipment to the installed equipment, and does not include production that was previously 
purchased from outside sources. The savings decreased further due to a faster-than-predicted pre-production 
rate and a lower-than-predicted pre-retrofit plant demand. 

Eversource_12 WC130122 62% 
The primary drivers for the variance between the tracking analysis and evaluated savings are the 
overestimation of production line demand in the existing and proposed cases, the volume of actual 
production, and the number of annual production days.  

Eversource_14 WC130154 0% The evaluation concluded that the installed equipment represented the standard practice for the project. 

Eversource_15 WC130030 0% The evaluation concluded that the installed equipment represented the standard practice for the project. 

National_Grid_01 

2522537, 
2640700, 
2640702, 
3019017, 
2640701 

37% 

Overall, the variance in energy savings is due to differences between the expected and actual annual 
production volumes. The savings variance is also due to the difference in the mix of parts produced, and due 
to baseline adjustments performed by the evaluation based on the age and size of the proxy baseline 
equipment metered. 

95% 

61% 

65% 

23% 

National_Grid_02 2508908 128% 
The savings variance is primarily due to a 48% increase in the estimated baseline production hours, a 45% 
increase the installed production hours, and a 41% reduction in operating demand savings compared to the 
TA analysis.  

National_Grid_03 
2602447, 
3071628 

0% The evaluation concluded that the installed equipment represented the standard practice for the project. The 
customer indicated that the installed IMMs were the only type available with sufficient precision to 
manufacture the parts. 0% 

National_Grid_04 3552102 47% 
The primary driver of the savings variance is the difference in installed and baseline air compressor power 

assumed. The TA did not correctly account for equipment diversity during operation. 

National_Grid_05 995142 14% 

The primary reason for the savings variance is the lack of use of the two largest injection molding machines 
included in the project scope. These two are no longer in operation as the customer pulled their part from 
production in October 2013. They are specialized machines and the site will not be able to run them again 
until they find a client with similar needs.  

National_Grid_06 2750673 0% The evaluation concluded that the installed equipment represented the standard practice for the project. 

National_Grid_07 621616 107% 
The primary reason for an increase in evaluated savings is due to an adjustment to baseline motor efficiency. 
A secondary effect partially offset this increase due to equipment loads being greater during peak wastewater 
loading than accounted for in the TA analysis. 

National_Grid_11 1937328 160% 

The primary reason for greater evaluated savings is a difference in the specific energy (kWh/kg) evaluation 
values and those assumed for the tracking estimates for both the baseline and installed IMMs—the former 
increasing and the latter offsetting a portion of that increase. This net increase in savings was partially offset 
by a secondary impact due to a reduction in production rates as compared to those assumed in the TA 
analysis. 

National_Grid_12 2508912 61% 
The primary savings variance drivers are observed higher installed equipment demand during the monitoring 
period and lower estimates of baseline equipment demand. 
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Site ID 
Project 
ID(s) 

Energy 
RR 

Primary reasons for savings variance 

National_Grid_13 3452162 38% 

The primary reason for the evaluation's reduced savings is that the TA's analysis of the RTU's performance 
overestimated baseline energy consumption and underestimated its proposed case performance. A secondary 
impact offsetting the savings reduction is due to a more accurate operating schedule of the affected 
equipment, resulting in fewer hours of operation. 

National_Grid_14 3250639 68% 
The primary driver of the savings variance is the difference in baseline machine power assumed. The original 
analysis utilized metering of a proxy baseline 1969 machine. The evaluation concluded that a new hydraulic 
IMM would consume less energy than a 44-year-old machine. 

National_Grid_15 2904796 136% 

The primary driver of the savings variance is an increase the heating load avoided due to the project. This 
increase in avoided load is due to an increase in the interior temperature assumed and the observed 
reduction in fan operation during occupied kitchen hours. The original analysis did not assume any reduction 
in operation during occupied hours. 

National_Grid_16 2806509 77% 
The primary difference for savings between tracking analysis and evaluation is due to the TA assumption of 
how much of the electric panel load was served by the appliances in the baseline. The TA overestimated the 
value resulting in an overestimate of savings.  

National_Grid_17 1817398 104% Evaluated savings were greater than claimed savings due to a difference in the savings calculation approach. 

National_Grid_18 2820201 83% 
The installed software was found to be performing better than expected. However, facility production was 
found to be 37% less than assumed for the original analysis. 

National_Grid_19 1937325 107% 

The primary reason for greater evaluated savings is a difference in the specific energy (kWh/kg) evaluation 
values and those assumed for the tracking estimates; the values for both the baseline and installed IMMs 
increased savings. This increase in savings was partially offset by a secondary impact due to a reduction in 
production rates as compared to those assumed in the TA analysis. 

National_Grid_20 1942636 6% 

The savings variance is due to differences between the measure stated to be installed and the measure 
actually installed. The original project documentation and MRD showed the installation of a monitoring system 
and automatic shut-off system on most major production equipment in the facility. The evaluation found that 
the system was only installed on one oven and is only utilized to prevent unnecessary weekend operation. 

Unitil_01 51284 0% 
The evaluation concluded that the installed equipment represented the standard practice for the project. The 
customer indicated that the installed IMMs were the only type available with sufficient precision for the parts 
to be manufactured. 

Unitil_02 46972 6% 
The savings variance is primarily due to the installed case fan operating at 100% speed for most of the 
operating hours, which appears to be due to the pressure set point used for fan speed control.  
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APPENDIX E. SITE CONSIDERATIONS 

The following table provides a brief summary of opportunities for the program, identified by the evaluation, that will likely reduce the 

savings variance in future evaluation studies.  This table indicates opportunities for improvement that could have been identified before the 

project savings were claimed.  It does not include discrepancies outside of the program’s control, such as change in production or changes 

in customer behavior.   

Site ID 
Project 
ID(s) 

Project 
Type(s) 

Energy 
RR 

Site-based suggestions to reduce future savings variance 

Eversource_01 NR130532 Retrofit 109% 

Both the evaluation and tracking analyses utilized a customer interview to determine the 
hours of use for this project. The evaluation asked multiple follow up questions to confirm 
to the information provided and concluded the hours were different. The only opportunity 
for improvement is to ask customers specific questions to document when during the 
year equipment is turned on and when it is turned off. Asking this question to confirm the 
hours of use provided should have prevented the savings discrepancy. 

Eversource_02 CS9502 
New 

Construction 
160% 

Per industry standards, program baseline assumptions should state that both baseline 
and proposed fume hood face velocities are to be based on design specifications. In this 
case, no savings would have accrued because there would be no change to air flows at 
the air handler, and the exhaust fan savings were claimed under a different application. 
In addition, weather data used by the TA should be clearly identified in the TA final report 
to reduce inconsistencies between TA and evaluation analyses due to weather data. 

Eversource_03 NR130729 Retrofit 1% 

Pre-retrofit metering was not performed as part of the TA study. Metering would have 
identified that the incorrect motor size was used in the calculations. A sanity or back of 
the envelope review of the TA savings should have found that the claimed cooling 
savings were not reasonable and could have identified the calculation error. 

Eversource_04 NR130486 Retrofit 65% 
Final inspections should observe operating installed equipment. For measures relying on 
a reduction in scheduled operating hours to achieve savings, simple metering strategies 

could often be applied to verify hours of operation. 

Eversource_05 BS12095 Retrofit 108% 
None of the differences between the TA and evaluation findings could have been foreseen 
by the TA, so there is little that could have been done to improve the TA savings 
estimate. 

Eversource_06 BS12093 Retrofit 83% 
An increase in final inspection rigor beyond a simple check to see equipment is installed 
and operating may have reduced the savings variance. 

Eversource_07 CS9578 
New 

Construction 
79% 

None of the differences between the TA and evaluation findings could have been foreseen 
by the TA, so there is little that could have been done to improve the TA savings 
estimate. 

Eversource_08 NC130026 
New 

Construction 
89% 

 Establish appropriate baselines for savings – The tracking study calculated savings 
using several baselines that are not appropriate for the facility. Savings should not 
be claimed for system features considered “standard practice.” Consider creating a 
clear definition of standard practice for ice rink construction. This would provide 
efficiencies throughout program for this type of project.  

 Confirm installation of measures – The tracking study calculated savings associated 

with a variable flow pumping system. In the proposed case, this system utilizes a 30 
hp pump to circulate secondary refrigerant to the ice slab at peak load, and a 10-hp 
pump to circulate secondary refrigerant at 50% load and below. A 30-hp and a 5-hp 
pump were found to be installed at the facility. The 5-hp pump was not observed as 
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in operation during the entire metering period. It is possible that the 5-hp pump is 
not capable of delivering the BHP required to serve the load at 50% load.  

 Minimum Requirements Document – It does not appear that an MRD was included in 
the tracking study. An MRD should be included that clearly identifies the proposed 
measures and allows for verification of the measures during post inspection. The 
MRD should specify a specific nameplate HP requirement for systems associated with 
variable flow systems. 

Eversource_10 WR130265 Retrofit 3% 

The evaluation recommends performing pre-metering to verify process cooling loads. The 
original analysis calculated savings assuming the chiller was fully loaded, but the 
evaluation found the load to be significantly lower. Pre-metering the existing chiller 
demand would have allowed the site to verify the load prior to the installation and make 
a well-educated decision on what upgrades should be made. The program should 
document the actual sequence of operation used instead of making calendar based 
assumptions. The TA Study calculated savings assuming the facility would be in free 
cooling from September to May, but free cooling operation is a function of outside air 
wet-bulb temperature. Documenting the sequences of operation for free-cooling at the 
facility will assist in identifying whether the assumptions made in the savings calculations 
are appropriate. The evaluation concluded that standard practice baseline was different 
than the equipment assumed in the TA Study. Future new construction projects due to 
load or capacity expansion should include a detailed description of why the assumed 
baseline represents standard practice, especially if the program believes that the 
standard practice equipment is a different system type than the previously operated 
equipment.  

Eversource_11 WR130172 Retrofit 22% 

In the future, when the assumed baseline for a retrofit project is not equivalent to pre-
retrofit operation, project documentation should clearly state the actual pre-retrofit 
condition and why the assumed alternative baseline for the project is an accurate 
representation of what the site would do in the absence of the program. This is especially 
important when the installed equipment will enable the site to operate differently than it 
could have otherwise. Project documentation should also provide the source of the 
annual production assumptions used in the analysis. 

Eversource_12 WC130122 
New 

Construction 
62% 

The savings variance would likely have been avoided if the original analysis collected true 
power measurements of the proxy baseline and installed equipment. 

Eversource_14 WC130154 
New 

Construction 
0% 

The program should confirm that the baseline machine assumed can meet the 
specifications of the expected parts. If cases occur when medical parts can be made on 
alternative type machines, the program should document why all-electric is not standard 
practice for the installation.  

Eversource_15 WC130030 
New 

Construction 
0% 

The program supported the installation of a technology that the customer had fully 
transitioned to prior to the program year and the industry had accepted as standard 
practice. In the future, the program should carefully consider claiming savings when a 
customer is no longer operating the baseline equipment at their facility, especially when 
they retrofitted away from the assumed baseline equipment in a prior program year. 
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National_Grid_01 

2522537, 
2640700, 
2640702, 
3019017, 
2640701 

New 
Construction 

37% 
95% 
61% 
65% 
23% 

The savings can be better estimated by conducting the onsite metering (both baseline 
proxy and installed machines) for multiple days when various molds are used. This 
should improve the estimates of average machine consumption. It is also recommended 
to use installed and baseline average energy intensity (kWh/kg) to calculate savings 
based on an estimated production weights for any future projects. It is unknown if the 
lower production volumes occurring on 4 of the 5 machines could have been anticipated 
by the site or the program, especially since the machine utilization information used in 
the TA was provided by the customer. However, the same assumption was used for all 
machines. In the future, the program could request confirmation that the assumption is 
correct for all applications when multiple machines are purchased by the same customer. 

National_Grid_02 2508908 
New 

Construction 
128% 

Overall, no improvement opportunities exist based on this project’s evaluation. The 
accuracy of the tracking savings calculation may have been better if a more recent or 
new hydraulic machine was used to estimate baseline energy consumption. However, 
achieving ideal baseline metering is challenging and proxy metering is the next best 
option. The TA did correctly try to adjust the proxy metering to better estimate the 
consumption of new equipment. 

National_Grid_03 
2602447, 
3071628 

New 
Construction 

0% 
0% 

Prior to granting project approval, take into consideration whether customers are 
constrained to a class of equipment that would require baseline equipment to be 
equivalent to installed equipment. 

National_Grid_04 3552102 Retrofit 47% 
When multiple units are being installed at a single facility, the program should consider if 
all the installed equipment will deliver energy savings at the same time. This is typically 
referred to as diversity in operation. 

National_Grid_05 995142 Retrofit 14% 

Provide clear documentation of the pre-retrofit condition - The TA study included pre-
retrofit metered data, but the corresponding part information was not included making an 
'apples to apples' comparison with the installed case metering difficult. 
Consider future production - Documenting discussion with the site about expected future 
production is important in case production is expected to vary over the measure life.  

National_Grid_06 2750673 
New 

Construction 
0% 

A more thorough assessment of standard practice specific to the affected industrial 
process should be performed for new construction type projects. Although it makes no 
difference in the realization rate in this case, normalization to adjust for different parts 
being produced on the baseline and proxy installed machines during the TA’s data 
collection period should have been performed. 

National_Grid_07 621616 Retrofit 107% 

One-time kW measurement of the baseline equipment would have improved the baseline 
electrical demand estimate. Metering the installed blower kW over a range of plant flow 
(post installation M&V) and adjusting the TA analysis accordingly would have potentially 
improved the proposed energy use estimate.  

National_Grid_11 1937328 
New 

Construction 
160% 

None of the differences between the TA and evaluation findings could have been foreseen 
by the TA, so there is little that could have been done to improve the TA savings 
estimate. 

National_Grid_12 2508912 Retrofit 61% 

 The uncertainty in the savings estimates would have been significantly reduced if a 
longer metering duration had been used to capture pre-retrofit operation. We 
recognize that capturing pre-retrofit consumption data is often a challenge given 

project timing, but believe that even if one full day of operation had been captured 
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with all loads simultaneously metered, then the uncertainty in both the tracking and 
evaluation estimates would have been significantly reduced. In this case, project 
documents show that National Grid was aware of the project months before 
installation and had sufficient time to complete long term pre-installation metering. 

 The tracking analysis should document the metering interval and duration used for 
all metering completed. In this case, some of the metering data did not include a 
time stamp or this summary information. 

 In cases when post-installation metering shows significant variability in demand, the 
program should consider if the assumed baseline demand should be adjusted. Any 
decisions regarding the baseline demand made during commissioning should be 

documented, even if no change is made. 

National_Grid_13 3452162 Retrofit 38% 

When ex ante logged data are available, the TA analysis should be carefully checked to 
ensure they are being correctly applied in the estimation of baseline equipment 
performance. At inspection, conditions that have significant impacts on energy savings 
should be checked to verify ex ante performance assumptions. 

National_Grid_14 3250639 
New 

Construction 
68% 

The accuracy of the tracking savings calculation would have been better if a more recent 
or new hydraulic machine was used to estimate consumption. Achieving ideal baseline 
metering is impossible so proxy metering is often completed. While using proxy metering 
of existing hydraulic machines is a best practice to estimate baseline consumption, the 
program should account for improvements in machine design over time and limit the age 
of machine that can be used as a proxy. For example, the program could limit the use of 
proxy metering to machines less than 10 years old. Additionally, the evaluation 
recommends that the program acquire a consumption estimate from the equipment 
vendor specific to an expected part. Energy savings could then be estimated based on 
the percent savings shown in the manufacturer’s consumption estimate and available 
metering data. In this case, if Haitian had provided a consumption estimate for both the 
Saturn and Mars machines, the program could have based savings on the estimates 
provided and the metering of the previously installed Mars machine. 

National_Grid_15 2904796 Retrofit 136% 

• It is unknown to the evaluation why the three measures were tracked as three 
separate projects. In the future, the evaluation recommends reporting one savings 
value for three integrated measures like the ones completed at this site.  

• National Grid assigned the Custom Process impact category to the evaluated 
measure and Custom HVAC to the other two measures. In the future, interactive 

measures completed at the same site should be reported in the same impact 
category. It was likely decided that since this measure was related to dishwasher use 
that savings were a result of a process, but most of the savings came from reduction 
in HVAC usage. The evaluation recommends clear guidance for the program staff and 
future evaluations regarding the impact category that kitchen exhaust related 
measures should be reported in.  

National_Grid_16 2806509 Retrofit 77% 

This is a fuel switching (electric to gas) measure. Therefore, the gas penalty should be 
accounted for in the measure screening and PA tracking system. The gas penalty of 
switching to gas-fired equipment was calculated in the TA study, but was not used as 
part of the screening of this application; that is, the electrical savings were screened as if 

the electric cooking equipment were removed and not replaced.  
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National_Grid_17 1817398 Retrofit 104% 
For measures that can reasonably be assumed to be repetitive at regular intervals, kW 
profiles should be generated over those intervals followed by extrapolation to a full year. 
This approach should improve kWh, seasonal peak and % on-peak kW savings. 

National_Grid_18 2820201 Retrofit 83% 

There are no reliable improvements the TA could have made during the original analysis.  
The variance between the TA and evaluation estimates of savings would have been lower 
if the TA had more accurately estimated future production levels. Accurately forecasting 
future production levels is difficult, if not impossible. National Grid could consider 
estimating savings at a reduced production than that provided by the site to mitigate the 
risk of overestimating savings. However, doing this could impact the incentives paid to 
acquire these savings so any change should be carefully considered. 

National_Grid_19 1937325 
New 

Construction 
107% Same recommendation as for National_Grid_11 

National_Grid_20 1942636 Retrofit 6% 
None of the differences between the TA and evaluation findings could have been foreseen 
by the TA, so there is little that could have been done to improve the TA savings 
estimate. 

Unitil_01 51284 
New 

Construction 
0% 

A description of the basis for the baseline system section should be included in the 
tracking documentation.   

Unitil_02 46972 Retrofit 6% 

A post inspection of the installation may have identified the fan running at full speed and 

the opportunity for adjusting the controls or the claimed savings. The program 
administrator followed up with the customer after receiving the results of the evaluation 
study, and implemented adjustments to the equipment settings to increase the savings 
achieved by the site. Because these changes were implemented as a direct result of the 
evaluation process, no modifications were made to the evaluation study findings but this 
appears to indicate an opportunity for identifying issues during the post inspection 
process. 
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APPENDIX F. SITE REPORTS 

This appendix includes the individual site reports documenting the tracking and evaluated savings for each 

sampled project. 

Site ID Evaluation firm 

Eversource_01 DNV GL 

Eversource_02 SBW 

Eversource_03 DMI 

Eversource_04 SBW 

Eversource_05 DMI 

Eversource_06 SBW 

Eversource_07 SBW 

Eversource_08 DMI 

Eversource_10 DMI 

Eversource_11 DMI 

Eversource_12 DNV GL 

Eversource_14 DNV GL 

Eversource_15 DMI 

National_Grid_01 DNV GL 

National_Grid_02 DNV GL 

National_Grid_03 SBW 

National_Grid_04 DNV GL 

National_Grid_05 DMI 

National_Grid_06 SBW 

National_Grid_07 SBW 

National_Grid_11 SBW 

National_Grid_12 DNV GL 

National_Grid_13 SBW 

National_Grid_14 DNV GL 

National_Grid_15 DNV GL 

National_Grid_16 DMI 

National_Grid_17 SBW 

National_Grid_18 DNV GL 

National_Grid_19 SBW 

National_Grid_20 DNV GL 

Unitil_01 DMI 

Unitil_02 DMI 
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EVERSOURCE 01 

Program Administrator Eversource 

Project ID(s) NR130532 

Project Type Retrofit 

Program Year 2013 

Evaluation Firm DNV GL 

Evaluation Engineer Srikar Kaligotla 

Senior Engineer Amit Kanungo 

PROJECT DESCRIPTION 

This is a retrofit project that replaced 100 conventional tubular heater elements with 100 new energy 

efficient switch railroad track heater elements. Eighty-two units are 20 feet long and 18 units are 24 feet 

long heater elements. The heaters are installed throughout the track network. The post-retrofit switch 

heaters are manually switched on by Operations and operate continuously at full power for approx. 3,984 

hours per annum (per TA documentation). The installed high efficiency switch heaters are flat in 

configuration and have better surface contact with the railroad track and are specified to use 200 watts/ ft 

power to melt the ice or snow on the track whereas the previous tubular heaters were round in configuration 

and had less surface contact and are specified 400 watts/ ft power to melt snow.  

Railroad access and safety concerns limit the extent to which conventional M&V approaches can apply. The 

evaluator was not allowed to inspect or measure the operation of the switch heaters. The evaluation relied 

upon an examination of invoices, product specifications, and interview of the customer. Based on the 

customer interview, new current sensors have been installed to determine the output of heater elements. 

Should a heater element fail, the command and control system will detect the faulty element. No provisions 

have been made to meter the power consumption as part of this controls installation. Manufacturer 

specifications for both pre- and post-retrofit conditions were used to calculate evaluated savings. Table 1 

shows the tracking savings for this project. 

The evaluation savings were estimated to be 1,800,154 kWh resulting in a 109% energy realization rate. 

The variance in energy savings between tracking and evaluation is strictly due the discrepancy in the in 

annual operational hours of the associated equipment. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 1,650,970 1,800,154 109% 

% of Energy Savings on Peak N.A. 46% N/A 

Summer On-Peak Demand (kW) 0 0 N.A. 

Winter On-Peak Demand (kW) 414.4 414.4 100% 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project including PA’s baseline assumptions, proposed equipment, tracking calculation method along 

with the underlying assumptions that were used in the calculations to estimate the tracking savings. Finally, 

this section provides an evaluation assessment of the tracking methodology. 

Baseline Assumptions 

Table 2 shows the key baseline parameter assumptions utilized in the tracking analysis. According to the 

tracking calculations, the tracks were heated using conventional tubular switch heaters in the pre-retrofit 

condition. The tubular elements (angular) were directly embedded into switch at the running rail head and 

produced 400 watts/foot heat to melt the snow and/or ice.  

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) 

Source of  

Parameter Value Note 

Heat produced per linear foot 400 W Tracking Documentation 

No supporting documentation included in 

tracking documents. Verified manufacturer 

specifications 

Hours of operation 3,984 hours Tracking Documentation Provided by Customer  

Proposed Condition 

Table 3 shows the key proposed case parameter assumptions utilized in the tracking analysis. The proposed 

new heater has a flat configuration which increases surface contact areas and compensates for the reduced 

wattage and power output without sacrificing heating efficiency. The new heater system uses 200 watts/foot 

power and operates continuously.  

Table 3: Proposed Key Parameters 

 

PROPOSED 

Parameter Value(s) 

Source of Parameter 

Value Note 

Heat produced per linear foot 200 W Tracking Documentation 
Provided by vendor, verified using 

manufacturer specifications.  

Hours of operation 3,984 hours Tracking Documentation Provided by Customer  

Tracking Calculation Methodology 

Tracking analysis used the annual operating hours provided by the customer to calculate savings. The 

equations below show the savings calculations.  

Baseline Demand 

 82 elements x 20 feet x 400 Watts = 656,000 Watts 

 18 elements x 24 feet x 400 Watt s= 172,800 Watts 

 Total Baseline Power = 828,800 Watts= 828.8 kW 

http://www.dnvgl.com/
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Proposed Demand 

82 elements x 20feetx 200 Watts= 328,000 Watts 

 18 elements x24 feet x 200 Watts= 86,400 Watts 

 Total Baseline Power = 414,400 Watts= 414.4 kW 

Total demand savings for all elements = 828.8 kW - 414.4 kW= 414.4 kW 

Total Energy savings for all elements per annum = 414.4 kW x 3,984 hours= 1,650,970 kWh 

Evaluator Assessment of Tracking Savings 

The hours of operation and baseline operating wattage used in the savings calculations are the key 

parameters driving any uncertainty in the energy savings. Based on the customer interviews, the switch 

heaters operated 24x7 for 6 months starting November 1st with a constant heat load of 200 W/foot every 

year which is approximately 4,344 hours (PY2013) prior to the installation of new control system (currently 

in installation). This is 360 hours more than assumed value in the tracking analysis without any weather 

dependence, all heaters are turned ON and OFF simultaneously in both pre- and post- conditions.  

These assumptions have been confirmed by the customer. Currently the heater elements can be switched 

ON by two methods based on their location; some heater elements are turned ON by the Operations Control 

Center per each transit line and others are turned ON manually case by case. Manual Operation could take 

upward of 24 hours to turn ON all cases. And required as part of the new heater case program of the 

customer, the future system will have the capability to turn ON and OFF all cases on all transit line 

simultaneously. The source for energy consumption of each heater element has been verified using the 

specification sheet obtained from the customer (400W/foot). 

PROJECT EVALUATION 

This section summarizes the methodology and assumptions to be used to estimate the Evaluated savings for 

the project. The evaluator completed an interview with the customer on 2/24/2016. 

Due to safety concerns, the evaluator was not allowed to inspect or measure the operation of the switch 

heaters. The evaluation relied upon an examination of invoices, product specifications, and interview of the 

customer. The customer is currently in the process of adding controls (current sensors) to determine 

amperage output (pass/fail) to the heater elements; should a heater element fail, the Command and Control 

system will detect the faulty element. No provisions have been made to meter the power consumption as 

part of this controls installation.  

Measure Verification 

Verification of measure installation and operation was completed through a phone interview with the 

customer and review of customer invoices. Further onsite verification could not be completed for this project 

unless the evaluator completes full day safety training. During the initial interview the customer stated that 

all equipment was installed and operating. The evaluator verified the installed measure counts using the 

customer invoices submitted to the PA. Given the customer and type of equipment involved, the evaluator 

considers the interview data and invoice review sufficient to verify equipment installation and operation for 

this project. Table 4 summarizes the verification. 

http://www.dnvgl.com/
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Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

Switch Heaters Invoice & Customer Confirmation Invoice Verified; No onsite verification for safety reasons. 

Data Collection 

Through the initial customer interview and subsequent email communications, the evaluator learned the 

following: 

 The pre-existing equipment ran at 400 W continuously during the winters and also verified by the 

manufacturer specifications provided by the customer. 

 The switch heaters are currently controlled manually due to logistical constraints.  The heaters typically 

operate 24x7 for 6 months in a year. 

 No direct measurement of operating power was possible by the evaluator. The customer is currently in 

the process of installing new controls for the switch heaters but no provisions have been made to meter 

the power consumption. Therefore, evaluation used manufacturer specifications (verified) to calculate 

post-retrofit consumption.  

For this evaluation, DNV GL obtained the specification sheet for the pre-retrofit switch heaters and confirmed 

the annual operating hours of the installed heaters. DNV GL has confirmed that there is no weather 

dependency for the measure and all heaters are turned ON in about 24 hours. Table 5 shows the data that 

will be collected as part of this evaluation.  

Table 5: Evaluation Data Collection – Data Received 

Parameter Data Source Data Status Duration & Interval 

Rated Baseline Power 

Consumption/Linear foot 

Manufacturer 

Specifications 
Received  N.A. 

Rated Installed Power 

Consumption/Linear foot 

Manufacturer 

Specifications 
Received N.A. 

Instantaneous power reading of 

Installed heater(s)1  
EMS No data available 

Command center can track if the heaters are 

active or inactive. No records are kept to 

track the information.  

Evaluator’s Baseline Assessment 

In the tracking estimate, this project used the pre-existing tubular heaters as baseline equipment whose 

power consumption is 400 watt/ft. Apart from using the baseline power consumption of 400 watt/ft in the 

tracking calculation, there were no other documents provided in the TA’s project file to support this baseline 

power consumption claim.  

The evaluation confirmed through interviews with the customer that continuing to operate the pre-retrofit 

heaters was an option for the site and no investment in new equipment was necessary at the time due to 

end of life or other operational concerns.  

                                                
1 Customer is currently working on an installation of switch heater controls (project completion by November 2016) but currently there is no provision 

to measure power usage.  

http://www.dnvgl.com/
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Evaluation Savings Analysis 

This section briefly describes our basic analysis and shows how the analysis used the data collected to 

estimate annual energy savings. The equations used by the tracking analyst were valid for this type of 

equipment and have also been used for this evaluation. The evaluation focused on adjusting the operating 

assumptions for both cases. 

Operating Hours 

The evaluation based the operating hours on the information collected through customer interviews. Based 

on these interviews, switch heaters operate continuously from November 1st for 6 months every year, equal 

to 4,344 hours (PY2013). This is 360 hours more than the 3,984 hours used in the tracking analysis. DNV 

GL has also confirmed that the switches of heaters will be turned ON manually in about 24 hours but as a 

part of a new heater case program the system will have the capability to turn ON and OFF all cases on all 

transit lines simultaneously.  

Operating Power 

No instantaneous readings were available for the installed heaters, so the evaluation utilized the rated power 

per linear foot. Direct measurement of heater power is not feasible so, manufacturer specifications have 

been used to calculate demand (kW) for this evaluation. 

Baseline Demand 

 82 elements x 20 feet x 400 Watts = 656,000 Watts 

 18 elements x 24 feet x 400 Watt s= 172,800 Watts 

 Total Baseline Power = 828,800 Watts= 828.8 kW 

Proposed Demand 

82 elements x 20feetx 200 Watts= 328,000 Watts 

 18 elements x24 feet x 200 Watts= 86,400 Watts 

 Total Baseline Power = 414,400 Watts= 414.4 kW 

Total demand savings for all elements = 828.8 kW - 414.4 kW= 414.4 kW 

Total Energy savings for all elements per annum = 414.4 kW x 4,344 hours= 1,800,154 kWh 

Peak Demand Savings 

The switch heaters are OFF during the summer peak period, so summer peak load will be zero. The heaters 

are always on during the winter peak period. The winter peak savings will be equal to the connected demand 

reduction. 

 

 

http://www.dnvgl.com/
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 6 summarizes 

evaluation results by measure and project. 

Table 6: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Measure Name 

Electric energy (kWh) 1,650,970 1,800,154 109% 

% of Energy Savings on Peak N.A. 46% N.A. 

Summer On-Peak Demand (kW) 0 0 N.A. 

Winter On-Peak Demand (kW) 414.4 414.4 100% 

Comparison of Assumptions 

As mentioned in the section above, the demand (kW) for both pre-existing and post-retrofit measure in the 

project remained same in evaluated case but the operating hours have been updated based on the customer 

interviews. Table 7 compares the values of key parameters between the tracking and evaluation analyses. 

Table 7: Comparison of Key Parameters 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 

Pre-retrofit demand (kW) 828.8 828.8 

Post-retrofit demand (kW) 414.4 414.4 

Operating hours 3,984 4,344 

Discrepancy Analysis 

From Table 7, the hours operation has been updated from 3,984 to 4,344 hours i.e. an increase of 9% in 

hours and hence savings. Table 8 summarizes the key drivers of the discrepancies between the tracking and 

evaluation savings estimates.  

Table 8: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

 Operating hours Evaluation hours are 9% higher than tracking hours 9% increase in savings 

  

Improvement Opportunities 

 Both the evaluation and tracking analyses utilized a customer interview to determine the hours of 

use for this project. The evaluation asked multiple follow up questions to confirm to the information 

provided. The only opportunity for improvement is to ask customers specific questions to document 

when during the year equipment is turned on and when it is turned off. Asking this question to 

confirm the hours of use provided, should have prevented the savings discrepancy.  

http://www.dnvgl.com/
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EVERSOURCE 02 

Program Administrator Eversource 

Project ID(s) CS9502 

Project Type New Construction 

Program Year 2013 

Evaluation Firm SBW 

Evaluation Engineer Jeremy Stapp 

Senior Engineer Jeff Romberger 

 

PROJECT DESCRIPTION 

This new construction project is the installation of eight high-performance fume hoods, each with a 

dedicated variable volume exhaust venturi. The fume hoods were included in the addition of two laboratories 

(labs) during renovation of an existing college engineering building. A block diagram of the installed 

measure and associated equipment is provided in Figure 1, which shows all equipment downstream of the 

labs’ air handling unit (AHU). Electrical savings accrues at the VFD-driven supply air fan and cooling coil of 

the air handling unit due to exhaust air reductions from the fume hoods. Savings also accrues due to a 

reduction in load on the four parallel VFD-driven exhaust fans that serve the laboratory spaces as well as 

other spaces in the building, but this savings was claimed under a separate prescriptive VFD application.  

Multiple occupancy sensors provide the capability to adjust the required air changes through the labs by 

controlling two supply air venturis (one per lab). Six exhaust venturis (three per lab), including fixed-flow 

and variable-flow units, are also present and exhaust air for other lab equipment.  Adjacent spaces are fed 

by the same air handling system that supplies the labs.  The labs are designed to operate at a negative 

pressure relative to surrounding spaces. 

Only the installation of the eight variable volume fume hoods is covered under this application. Table 1 

shows the tracking and evaluated estimates of savings.  The evaluation estimate of savings is greater than 

the tracking estimate. There were significant offsetting differences between the respective calculations. 

These are discussed in detail at the conclusion of this report. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 63,596 101,462 159.5% 

% of Energy Savings on Peak 48% 47% 98.2% 

Summer On-Peak Demand (kW) 0.5 14.41 2882.1% 

Winter On-Peak Demand (kW) 7.3 10.58 144.9% 
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Figure 1. Equipment Block Diagram  

 

 

Regarding the chart above: 

▪ The equipment installed under the evaluated application is shown inside dashed line.  

▪ The energy consumption of the equipment shown in black is considered part of the project even if the 

equipment was pre-existing at the facility. 

▪ Energy consumption of the equipment shown in grey is not considered part of this project. This 

equipment is either pre-existing equipment with energy consumption not affected by the project or new 

equipment with energy savings captured in a separate application.  

Air Handling Unit

Adjacent Spaces

Supply Venturi

(Occupancy Sensor Controlled -

not part of installed measure)

Other Lab 

Equipment
8 Fume Hoods

6 Exhaust Venturis 1 Venturi per Hood

Exhausts - savings of 4 parallel VFD fans claimed in separate prescriptive application

2 New Labs (100% OA)
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TRACKING SAVINGS 

Tracking savings was calculated assuming continuous constant-volume baseline fume hood exhaust flow 

rates as compared to proposed exhaust flow rates, with different constant-volume reductions for occupied 

and unoccupied periods. The reduced flows resulted in reduced fan and cooling electric energy at the air 

handling unit serving the labs. Reduced exhaust fan energy was claimed under a separate prescriptive VFD 

application. 

Baseline 

Under baseline conditions each of the eight fume hoods was said to require 781 CFM of airflow in order to 

maintain 100 FPM face velocity through a maximum sash opening of approximately 7.81 sf.  Both the face 

velocity and volume flow were assumed constant by means of balancing flows through the sash opening with 

flow through a bypass all hours of the year. No source was given in the TA documentation for the 100 FPM 

face velocity..  We did not find a version of this document that was in effect at the time of the project 

application and installation (2013), but an entry in National Grid Baseline Document – Massachusetts and 

Rhode Island, 2014 shows the 100 fpm face velocity requirement. Table 2 shows the key baseline parameter 

assumptions utilized in the tracking analysis. 

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) Source of Parameter Value Note 

Fume Hood Exhaust Airflow – 

occupied (CFM/hood)  
781.3 TA documentation  

Fume Hood Exhaust Airflow – 

unoccupied (CFM/hood) 
781.3 TA documentation  

AHU Supply Air Fan HP 75 TA Calculations 
Source not available; both 

occupied and unoccupied 

AHU Supply Air Fan CFM 32,000 TA Calculations 
Source not available; both 

occupied and unoccupied 

Occupied hours per year 3,650 TA Calculations 10 hours/day x 365 days 

Unoccupied hours per year 5,110 TA Calculations 14 hours/day x 365 days 

Exhaust Air Temperature (°F) 70 TA Calculations Constant all hours 

Annual Total Cooling Degree 

Hours (CDH) 
7,480 TA Calculations 

from Boston 5°F bin data (base 

70°F) 

Annual Unoccupied Cooling 

Degree Hours (CDH) 
2,685 TA Calculations 

from Boston 5°F bin data (base 

70°F) 

Proposed Condition 

Under the proposed conditions, during occupied periods each of the fume hoods was assumed to require 

only 70 FPM through the hood opening based on a value provided in plan drawings at an 18-inch sash 

opening. This results in a 547 CFM volume flow rate. This was assumed as the exhaust airflow from the 

fume hoods during occupied hours. During unoccupied hours total fume hood exhaust flow was assumed to 

be 260 CFM per hood.  This flow rate was also provided in construction drawings as the flow rate with the 
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sash at minimum position. Table 3 shows the key proposed case parameter assumptions utilized in the 

tracking analysis. 

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Fume Hood Exhaust Airflow – 

occupied (CFM/hood) 
546.9 

Construction 

Drawings 
 

Fume Hood Exhaust Airflow – 

unoccupied (CFM/hood) 
260.0 

Construction 

Drawings 
 

AHU Supply Air Fan kW 

(occupied/unoccupied) 

NC/ 

44.75 
TA Calculations 

Occupied kW not calculated; unoccupied kW 

calculated from affinity laws using only reduction 

from occupied to unoccupied fume hood airflows 

applied to baseline AHU airflow  

AHU Supply Air Fan CFM 

(occupied/unoccupied) 

27,625/ 

29,920 
TA Calculations 

Reductions from baseline AHU airflow based on 

respective proposed fume hood airflows 

Occupied hours per year 3,650 TA Calculations Same as baseline  

Unoccupied hours per year 5,110 TA Calculations Same as baseline  

Exhaust Air Temperature (°F) 70 TA Calculations Same as baseline 

Annual Total Cooling Degree 

Hours (CDH) 
7,480 TA Calculations Same as baseline 

Annual Unoccupied Cooling 

Degree Hours (CDH) 
2,685 TA Calculations Same as baseline 

Tracking Calculation Methodology 

The TA assumed that lower CFM through the lab spaces would result in a load reduction on the supply air 

fan and a corresponding reduction in ventilation cooling load. The reduction in ventilation cooling energy was 

assessed as the sum of two components. The first was applied to all hours and was calculated as the product 

of the annual total cooling degree hours (CDH) and the difference between the baseline occupied CFM and 

the proposed occupied CFM. The second component was applied as an adder for unoccupied hours and was 

calculated as the product of the annual unoccupied CDH and the difference between the proposed occupied 

CFM and proposed unoccupied CFM.  The weather file and base temperatures used by the TA to calculate 

CDH were not given.  The efficiency of the cooling equipment was not included in the TA’s calculations. The 

total annual reduction in ventilation cooling energy was calculated in this way to be 6,388 kWh. This result, 

which amounts to 10% of the total proposed energy savings, is represented in the following equation:  

8 fume hoods x 1.08 Btuh/(CFM-°F) / 3,413 Btuh/kW x 

[(7,480 CDH x (781.3 – 546.9) CFM/fume hood) + (2,685 CDH x (546.9 - 260) CFM/fume hood)] 

The reduction in electrical load associated with the supply air fan was calculated as the difference between 

the baseline fan demand and the proposed fan demand, where the baseline was assumed to be 75 HP, and 

the proposed was calculated by applying the cube law to the ratio of the proposed total airflow to the 

baseline total airflow. The baseline fan airflow was assumed to be 32,000 CFM  and the proposed total 

airflow was reduced by an amount equal to the difference between the proposed occupied CFM and the 

proposed unoccupied CFM (i.e., 8 fume hoods x (546.9-260) CFM/fume hood = 2,295 CFM).  The total 
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reduction in fan electrical energy was then calculated as the product of the reduction in fan demand and the 

proposed unoccupied hours per year. The calculation was analogous to the unoccupied hours adder that was 

applied in the cooling load savings, however the savings associated with the difference between baseline 

occupied CFM and proposed occupied CFM applied across all hours was neglected.  The total annual 

reduction in fan energy was calculated to be 57,208 kWh.  This result, which amounts to 90% of the total 

proposed savings, is represented by the following equation: 

 75HP x 0.746kW/HP x 5,110 hrs x [1 – ((32,000 CFM – 2,295 CFM) / 32,000 CFM)^3] 

The TA’s calculations did not reveal how the tracking demand savings for summer and winter peak periods 

were assessed. 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the Evaluated savings for the 

project. Evaluators received permission to visit the site in an e-mail from the site contact on October 11, 

2015, and visited the site on January 16, 2016 to observe the installation and gather spot observations.  The 

site contact did not allow evaluators to take electric or temperature readings, to install any data loggers or 

to observe the AHU serving the labs to verify fan ratings. Also, the AHU fan specifications were not provided 

in the construction drawings.  Evaluators asked for a copy of the mechanical test and balance reports for the 

fans and fume hoods but did not receive them. 

Measure Verification 

The project measure was verified through observation and interview during the site visit, as summarized in 

Table 4. 

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

Installation of high performance variable volume 

fume hoods instead of constant volume fume hoods 

Site observation and 

data collection 

High performance variable volume fume 

hoods have been installed and are in use 

Data Collection 

Documentation provided by the PA included selected sheets from the mechanical and controls construction 

documents, as well as the TA’s calculation workbook. A TA energy report was not available for this project. 

On October 26, 2015 the site’s controls contractor (Siemens) e-mailed a full set of the project’s as-built 

controls drawings in pdf format. In e-mails from Siemens, evaluators also received Excel spreadsheets 

featuring historical trends for the months of October 2015 and February/March 2016, as indicated below. 

The timestamp for each trend occurs at either a fixed interval or a nominal change-of-value (COV). 

 For each of the eight fume hood exhaust venturis: 

o CFM setpoint (15 min) 

o CFM (15 min) 

 For each of the six general exhaust venturis located in the two laboratory spaces: 

o CFM setpoint (15 min) 

o CFM (15 min) 

 For each of the two laboratory spaces where the eight fume hoods are located: 

o Room Temperature (1°F COV) 

 For the makeup air unit serving the laboratory spaces: 

o Supply Fan Speed Command (5% COV) 

o Exhaust Fan Speed Command (5% COV) 

o Return Fan Speed Command (5% COV) 

 For the spaces adjacent to the two labs: 

o Supply and exhaust CFM setpoint (15 min) 

o Supply and exhaust CFM (15 min) 

During the site visit evaluators noted the operating conditions of the supply, return and exhaust air fans 

serving the lab spaces as displayed by their respective VFD panels.  These data are shown in Table 5.   

http://www.dnvgl.com/
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Table 5: Evaluation Fan VFD Displayed Operating Conditions 

Fan 
Motor Speed 

(RPM) 

Motor Speed 

(%) 

VFD Frequency 

(Hz) 

Motor Current 

(A) 

Motor Power 

(%) 

Supply Fan 2386 133.4% 79.9 38.4 36.1% 

Return Fan 776 43.3% 26.0 8.6 5.2% 

Exhaust Fans 

(4 Parallel) 
1818 102.5% 61.3 8.8 65.9% 

 

The following observations were made based on examination of the collected documentation and data: 

1. There are four different types of airflows associated with the two labs: 

o Supply airflow to the two labs from the two supply airflow venturis 

o Net airflow from other adjacent spaces (adjacent spaces have their own supply and exhaust 

airflows) 

o General exhaust airflow from the six exhaust venturis in the two labs 

o Fume hood exhaust airflow from the eight new fume hood exhaust venturis in the two labs 

2. Supply airflow to the two lab spaces remains essentially constant 24/7, regardless of what the fume 

hoods or other lab exhaust port airflows are (Figure 2). 

Figure 2:  Weekly Profile of Total Supply and Exhaust Airflows for Both Labs. 
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3. The control sequence states a requirement of 4 air changes per hour minimum during unoccupied 

hours in the two labs (no requirement is listed for occupied hours).  The sequence also states that a 

negative pressure relative to adjacent spaces must be maintained at all times, although no negative 

pressure setpoint is specified anywhere in the documentation.  Trend data shows that the negative 

pressure differential varies between approximately -200 CFM to -600 CFM, with an average of 

around -400 CFM (Figure 3). 

Figure 3:  Net Lab Airflow 
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4. From trend data, it is clear that installed fume hood average exhaust flow is much smaller than the 

baseline fume hood exhaust flow, as expected. Unexpectedly, fume hood exhaust airflow varies by 

no more than 10% from occupied to unoccupied mode (far less than the 48% reduction assumed by 

the TA). This is shown in Figure 4.  

Figure 4:  Weekly Profile of Installed Fume Hood Exhaust Airflow 
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5. Fume hood exhaust flow increases during evenings and weekends, indicating that fume hoods are 

used mostly during these times.  This can be seen in Figure 5, which is a magnification of Figure 4. 

Figure 5:  Weekly Profile of Installed Fume Hood Exhaust Airflow (Magnified for Clarity) 
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6. When fume hood exhaust airflow changes, general exhaust airflow in the labs does not change with 

it (Figure 6 

7. Figure 6), indicating that general exhaust is not sequenced to balance the total exhaust flows from 

the labs when fume hood exhaust changes.  Based on this observation, general exhaust has no 

bearing on savings (ie it is the same in the baseline and installed cases). 

Figure 6:  Weekly Profile of Installed Fume Hood Exhaust and General Exhaust Airflow 

 

8. Evaluators noted during the site visit that the building is used for graduate research, and that the 

labs are likely in use year round.  This is supported by the data, which shows fume hood operation 

over the entire trended period, even though spring break occurs during this period (3/12/15-

3/20/15).  Additionally, space temperature trend data shows that the labs maintain an average of 

70 °F during all hours, regardless of day of week.  Based on these observations, it is assumed that 

the weekly profile developed from the trend data is applicable for all weeks of the year.  A space 

temperature of 70 °F is also assumed for all hours of the year. 

Evaluation Savings Analysis 

Baseline 

The baseline condition for this new construction project was defined by the TA as a 100 FPM constant face 

velocity.  Although the TA did not give a specific reference for this value,  it matches the current National 

Grid baseline value as stated in National Grid Baseline Document – Massachusetts and Rhode Island, 2014 

Line #152.  The evaluators concluded that this value therefore was appropriate for the baseline.    

Under baseline conditions each of the eight fume hoods would have required 781 CFM of airflow in order to 

maintain 100 FPM through a sash opening of approximately 7.81 sf.  This flow would have been constant as 
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the combined flows through the hood opening and the respective hood bypass all hours of the year, 

regardless of sash position or laboratory occupancy.  

Installed Condition 

The installed condition is defined as the condition observed by evaluators from observation and trend data.  

This is explained further below. 

Analysis Methodology 

As in the TA analysis, the total baseline fume hood exhaust airflow from the labs was assumed to be 

constant all hours of the year and equal to the total required airflow of the eight baseline fume hoods (8 

fume hoods x 781.3 CFM/fume hood = 6,250 CFM).  

To assess the total fume hood exhaust airflow for the installed case, evaluators used historical CFM trends 

from the eight fume hood exhaust venturis to generate an average weekly airflow profile (shown in Figure 4 

and Figure 5), which was then subtracted from the baseline (constant CFM)weekly profile to obtain airflow 

savings (Figure 7).  The weekly airflow savings profile was then applied to all weeks of the year (based on 

reasoning presented above) to generate an 8,760 hour annual profile.   

Figure 7:  Fume Hood Baseline, Installed, and Savings Weekly Airflow Profiles (CFM) 

   

The demand savings profile has two components.  The first component is the savings profile resulting from a 

reduction in airflow through the supply fan.  The second component is the savings associated with the 

reduction in ventilation cooling load.  The overall demand savings profile is the sum of the supply air fan 

savings profile and the cooling load savings profile.   

http://www.dnvgl.com/
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Based on text found in the TA workbook, savings resulting from the reduction in airflow through the exhaust 

fans is claimed in a separate prescriptive application and is therefore not considered in this evaluation.  

The supply fan savings is calculated by multiplying the above airflow reduction profile by the kW/CFM of the 

supply air fan, which is calculated from spot observations obtained on-site from the supply fan VFD panel 

(Table 5), and from the maximum supply fan CFM of 32,000 CFM assumed by the TA.  The full load fan kW 

was calculated to be 44.0 kW, which is less than the 56.0 kW estimated by the TA.  Hourly fan kW is 

calculated by applying the fan affinity laws to the airflows calculated for each hour.  The two months of trend 

data that has been provided shows that the supply air fan operates consistently between 80 Hz and 90 Hz 

speed (relatively constant speed), so evaluators believe that it is reasonable in this case to assume an 

average fixed value for the kW/CFM based on the average speed from the trend data. 

The savings in ventilation cooling load is calculated in the same manner as the TA analysis, except cooling 

savings is calculated hourly, instead of accumulated across all hours from 5 degree temperature bin data. 

The cooling load reduction is calculated by multiplying the hourly airflow reduction profile by the difference 

between the outside air enthalpy calculated from Boston TMY3 data, and the labs’ space enthalpy (assumed 

to be 25 btu/lb, which equates to 70 °F (as observed from trend data) and 50% relative humidity indoor 

conditions).  It is only calculated for those hours that the TMY drybulb temperature exceeds the lab’s space 

temperature of 70 °F. The demand savings profile resulting from this reduction in ventilation cooling load is 

calculated by dividing the cooling load reduction profile by the nominal efficiency (kW/ton) of the cooling 

system. The cooling efficiency is assumed to be constant.  Due to the limited nature of the site visit, 

evaluators did not obtain information on cooling system efficiency. The cooling system is assumed to be a 

central system with a water-cooled chiller.  The efficiency was estimated from code minimum, which was 

determined to be 0.50 kW/ton IPLV (chiller only). Since evaluators do not know what the actual chiller 

efficiency is, this value, which is conservative, was considered the most appropriate choice.  Note that the 

TA neglected to account for the cooling system efficiency. 

Total annual energy savings is the 8,760 hour annual demand profile integrated over the TMY year. Summer 

and Winter On-Peak Demand savings and % of Energy Savings On-Peak is calculated from the 8,760 hourly 

demand savings values per the standard protocol of this evaluation. 
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 6 summarizes 

evaluation results by measure and project. 

Table 6: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Measure Name 

Electric energy (kWh) 63,596 101,462 159.5% 

% of Energy Savings on Peak 48% 47% 98.2% 

Summer On-Peak Demand (kW) 0.5 14.41 2882.1% 

Winter On-Peak Demand (kW) 7.3 10.58 144.9% 

Comparison of Assumptions 

Table 7 compares the values of key parameters between the tracking and evaluation analyses. 

Table 7: Comparison of Key Parameters 

  BASELINE PROPOSED / INSTALLED 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 

Tracking 

Value(s) 

Evaluation 

Value(s) 

Fume Hood Total Exhaust Airflow 

(All Hoods) – occupied (CFM)  
6,250 6,250 

4,375 

(Constant) 

2,401 (variable) 

 

Fume Hood Total Exhaust Airflow 

(All Hoods) – unoccupied (CFM)  

2,080 

(Constant) 
2,367 (variable) 

Occupied hours per year 3,650 N/A1 3,650 N/A1 

Unoccupied hours per year 5,110 N/A1 5,110 N/A1 

Space Air Temperature (°F) 70 70 70 70 

Space Enthalpy (Btu/lb) N/A 25 N/A 25 

Annual Total Cooling Degree 

Hours (CDH) 
7,480 N/A2 7,480 N/A2 

Annual Unoccupied Cooling 

Degree Hours (CDH) 
2,685 N/A2 2,685 N/A2 

Supply Fan Design CFM 32,000 32,000 32,000 32,000 

Supply Fan Design kW 56.0 44.0 56.0 44.0 

1 Evaluators did not find an occupancy schedule in effect.  These values are based on the TA occupancy hours and are 

shown here for comparison only. 

2Cooling degree and heating degree values were not used for the evaluation, but rather changes in enthalpy between the 

lab space and outside air.  Lab space temperature is 70 °F constant, and a 50% relative humidity was assumed. 
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Discrepancy Analysis 

Table 8 summarizes the key drivers of the discrepancies between the tracking and evaluation savings 

estimates. 

Table 8: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Fume Hood 

Exhaust Airflow 

Average evaluation airflow is less than tracking 

airflow  

Increase in airflow reduction, therefore increase 

in fan and cooling energy savings 

Supply Fan Design 

kW 
Evaluation kW is less than  tracking kW Decrease in fan energy savings  

Cooling Savings 

Evaluation included cooling savings due to 

reduced airflows during occupied periods, which 

the tracking analysis excluded 

Increase in cooling savings 

Cooling Savings 
Evaluation assumed a better cooling efficiency 

in both the baseline and installed cases 
Decrease in cooling savings 

  

Overall, kWh savings increased mainly because evaluators found the reduction in airflow at the AHU to be 

greater than what the TA had estimated.  This was countered somewhat because evaluators found the 

supply fan kW to be less than the tracking value, which decreased savings.  This kW value is based at least 

partially on actual data, whereas the TA value was based on assumptions only. 

Cooling savings was affected by two factors. The TA did not calculate any cooling savings for occupied 

periods, which the evaluation included. Counteracting that factor, the TA analysis did not specify an 

efficiency for the cooling equipment, implicitly assigning it a value of 1.0 kW/ton. The evaluation used a 

value of 0.5 kW/ton IPLV in keeping with minimum chiller code requirements. The net effect of these chiller 

considerations resulted in small reduction in cooling savings. 

Percent energy savings on peak and winter peak demand savings were both comparable to the tracking 

value.  Summer peak demand savings increased significantly. This is due to a significantly greater airflow 

reduction over the TA estimate during peak summer hours.   

Improvement Opportunities 

Per industry standards, which govern the specification of fume hood operating parameters, fume hood face 

velocity should be specified depending solely on the expected toxicity of the application.  Based on these 

industry standards, the evaluators believe that the single baseline face velocity provided in National Grid 

Baseline Document – Massachusetts and Rhode Island, 2014, would be better stated if both baseline and 

proposed fume hood face velocities should be based on design specifications. It is recommended that future 

velocity-based calculations reflect this. In this case, no savings would have accrued because there would be 

no change to air flows at the air handler and the exhaust fan savings were claimed under a different 

application. 

http://www.dnvgl.com/


 

Page 16 of 16 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 
 

 

The weather data used by the TA was not specified.  Evaluators used TMY3 data.  The program would 

benefit from using common weather data for all projects.  This would eliminate any inconsistency across 

projects and between TA and evaluation analyses due to weather data. 

http://www.dnvgl.com/
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SUMMARY 

An elementary school installed a variable speed drive and control system on an existing kitchen hood 

exhaust fan.  The new controller modulates the exhaust airflow based on exhaust air temperature and the 

amount of smoke sensed in the hood.  Before this project was implemented, the kitchen hood provided a 

constant volume of exhaust air during normal operating hours.  The pre-retrofit system was controlled by a 

simple wall mounted on/off switch that was turned on in the morning and off in the afternoon.  Table 1 

provides a summary of the savings for this measure.  The primary drivers of the reduced savings are: 

 The TA analysis was completed assuming the exhaust fan was 25-hp, however the evaluation found the 
fan to only be 1.5-hp 

 A mathematical syntax error in the TA analysis resulted in an over-estimation of cooling energy savings. 

 The evaluation found that the make-up air unit serving the kitchen operates independently, preventing 

the project from achieving any cooling and heating savings. 

 

Table 1: Project Results 

Savings Quantity Tracking Estimate 
Evaluation 

Estimate 
Realization Rate 

Electric energy (kWh) 51,708 690 1.3% 

% of Energy Savings on Peak 47.6% 100% 210% 

Summer On-Peak Demand (kW) 5.9 0.1 1.7% 

Winter On-Peak Demand (kW) 5.9 -0.06 0% 

 

PROJECT DESCRIPTION 
This retrofit project involved installing a variable speed drive and controls on a 1.5-HP exhaust fan serving 

the kitchen exhaust hood that operates for approximately 2,349 hours per year (9 hours per day, 5 days per 

week).  This project was expected to save energy by modulating the speed of the exhaust fan to effectively 

remove smoke and heat from the cooking area while minimizing fan energy when full flow is not required.  

The tracking analysis claimed additional cooling savings from a reduced outside air ventilation load on the 

makeup air unit, but the evaluation found that the make-up air unit controls were not interlocked with the 

kitchen hood controller.  Since the makeup air fan operates independently and does not track the exhaust 

fan, cooling and heating savings are not being realized.  
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TRACKING SAVINGS 

This section will summarize the methodology and assumptions used to estimate the Tracking savings 

claimed for the project. 

Pre-Retrofit 

The tracking analyst used the inputs listed in Table 2 to calculate the pre-retrofit fan and cooling energy. 

Table 2: Pre-Retrofit Key Parameters 

  BASELINE 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Annual Operating Hours 2,000 Unknown   

Exhaust Fan Power 20.4 kW Nameplate HP   

Cooling Performance 1.25 kW/ton Unknown  

Net cooling load 33,432 kBTU Online calculator  

 

Proposed Condition 

The tracking analyst calculated the energy savings associated with adding a variable speed drive and kitchen 

hood controls using the inputs listed in Table 3. 

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Average Fan Speed 72.5% TA assumption  

Average Fan Power 11.35 kW Based on avg speed  

Cooling Performance 1.3 kW/ton  Unknown    

New Cooling Load 17,583 kBTU Online calculator  

 

Tracking Calculation Methodology 

The tracking analyst used a spreadsheet analysis to quantify the savings associated with the kitchen hood 

control project.  Claimed electric savings result from reduced average fan power and reduced cooling load.  

The tracking analyst assumed an exhaust fan motor size of 25-HP but the evaluation found the installed 

motor to be 1.5-HP.  The evaluation does not have a picture of the motor nameplate, but Figure 1 shows the 

VFD nameplate.  The 3.6 amp rating of the VFD aligns with the installed 1.5 hp motor and is much too small 

for the 25 hp motor assumed in the tracking analysis.  The evaluation also found a math syntax error in the 

tracking analysis spreadsheet which resulted in an overestimate of the claimed cooling savings by a factor of 

approximately thirty-two (32).   
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Figure 1: Kitchen Exhaust Fan VFD Nameplate 

 

The pre-retrofit fan energy was calculated by converting the assumed fan motor nameplate HP to kW and 

multiplying by annual hours using the following methodology: 

Full Speed Fan kW = 25 HP × 0.746 kW/bhp × 87.5% load ÷ 80% motor efficiency 

Full Speed Fan kW = 20.4 kW 

Pre-Retrofit Fan Energy = 20.4 kW × 2,000 hours/year 

Pre-Retrofit Fan Energy = 40,797 kWh 

The installed case fan power was calculated at six different fan speeds using the following methodology: 

Installed Fan kW = Full Speed Fan kW × Fan Speed2.5 

The tracking analyst’s assumed fan profile shown in Figure 2 was then used to calculate the installed case 

fan energy using the following methodology: 

Installed Fan Energy = Installed Fan kW × 2,000 hours × fraction of operating hours 
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Figure 2: Tracking Installed Case Fan Speed Profile Assumption 

 

The tracking analyst claimed a total fan energy savings of 20,108 kWh using the operating profile shown in 

Figure 2 and the assumption of a 25-HP motor.  The evaluation changed the motor HP input to 1.5-HP and 

the fan savings decreased by 18,902 kWh to 1,206 kWh annually, keeping all other assumptions the same.   

The net cooling loads for both the pre-retrofit and installed case were calculated using an online outdoor air 

ventilation load calculator.  There is no additional information provided about this calculation so it is unclear 

what the exact inputs are; it is expected that the inputs are space temperature, weather station location, 

and exhaust CFM.  The online ventilation load calculator was used to calculate a pre-retrofit cooling load of 

2,786 ton-hours and an installed load of 1,465 ton hours.  The tracking analyst assumed a cooling 

performance of 1.25 kW/ton which would have resulted in a cooling energy savings of 1,651 kWh using the 

following methodology: 

Cooling Load Reduction = 33,432 kBTU – 17,583 kBTU 

Cooling Load Reduction = 15,849 kBTU 

Cooling Energy Savings = 15,849 kBTU ÷ 12 kBTU/ton × 1.25 kW/ton 

Cooling Energy Savings = 1,651 kWh 

Due to a math syntax error, the TA claimed that the total cooling energy savings was 31,600 kWh.  This is a 

discrepancy of 29,949 kWh.  The specific calculation error is shown below: 

Cooling Savings Error: 

Total Cooling Savings (kWh) = Pre Cooling (kBTU) – Post Cooling (kBTU) ÷ 12 kBTU/ton × 1.25 kW/ton 

Total Cooling Savings (kWh) = 33,432 kBTU – 17,583 kBTU ÷ 12 kBTU/ton × 1.25 kW/ton 

The tracking analyst did not place parentheses around the pre and post cooling load values, so the post-

retrofit cooling load was converted to kWh but the pre-retrofit load remained in units of kBTU which resulted 

in an erroneous cooling savings value. 
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The original application includes a summer and winter peak demand savings of 5.9 kW and energy on-peak 

savings of 47.6%.  The tracking spreadsheet provided to the evaluator does not show these calculations, but 

it appears that the TA divided the total savings (51,708 kWh) by 8,760 hours to arrive at 5.9 kW of peak 

demand savings which is not the proper approach.  The proper approach involves determining the operating 

schedule to first verify that the exhaust fan operates during the winter and summer peak demand periods, 

and then applying that schedule to the energy model to calculate the energy savings during those peak 

hours.  The summer and winter peak energy savings would then be divided by total summer and winter 

peak hours to arrive at an average peak period kW reduction.  The claimed fraction of savings occurring 

during the on-peak period (47.6%) appears to very close to the default value of 45.6% (i.e. in a complete 

year, 45.6% of the hours occur within the on-peak period which is defined by the utility company as 6am to 

10pm on non-holiday weekdays.  Since the fan was supposed to only run during normal school hours, the 

on-peak fraction should have been close to or exactly 100% depending on when the fan was assumed to 

start.  The TA does not assume a specific operating schedule in the analysis, rather they assume 8 hours per 

day for 250 days per year.  
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PROJECT EVALUATION 

This section summarizes the evaluation methodology and assumptions that were used to calculate the 

realized savings for this project.  Table 4 shows how the evaluation verified that the exhaust fan is being 

controlled by the hood control system to modulate speed throughout the day based on demand. 

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

Kitchen Hood Controls Exhaust Fan Metering Data 
Average kW¹= 0.75 kW 
Min kW¹= 0.14 kW 
Max kW¹= 1.48 kW 

¹Based on average weekday operating profile when school is in session.  Min kW represents minimum fan operating kW. 

Pre-Retrofit Operation 

Prior to implementing the variable volume kitchen hood control project, the exhaust fan did not operate with 

a VFD or automated start/stop controls.  A wall-mounted switch was used by the kitchen staff to start the 

fan at approximately 6:15 AM every morning before cooking started, and to stop the fan at approximately 

3:00 PM every afternoon before the staff left the kitchen.  There were no dampers in the system to 

modulate exhaust flow based on the load, so the tracking analyst’s assumption that the pre-retrofit system 

operated at a constant kW is valid.  The tracking analyst’s assumption that modulating exhaust flow 

throughout the day would reduce cooling load, however, was found to not be valid due to the lack of 

interlock controls between the make-up air fan and the hood control system.  Reducing the volume of air 

exhausted through the kitchen hood without changing the make-up air unit operation results in a greater 

volume of air being removed from the space through the supply unit’s return ducts, but does not impact the 

volume of outside air that is being supplied by the unit.  If either the supply fan or outside air damper had 

been controlled to track the exhaust flow through the kitchen hood, some portion of the cooling savings 

would have been realized. 

The evaluation agrees that this project was correctly classified as a retrofit measure.  The fan and exhaust 

hood are still in good working order and do not appear to have any functional issues.  The original fan motor 

burned out, possibly as a result of being driven by the new VFD, but the motor has since been replaced and 

is expected to last for at least the life of the measure. 

Data Collection 

The evaluation discussed the kitchen hood control project with the site electrician and it appears that no 

changes in operating sequence have been made since after this project was installed.  The evaluation was 

also made aware that no changes have been made to the unit that provides makeup air to the space and the 

supply fan does not track the kitchen hood exhaust airflow.  Therefore, the evaluation has concluded that no 

cooling load savings exist for this measure.   

When the evaluator first visited the site, the exhaust fan motor was found to be burnt out and non-

operational.  The school’s electrician estimated that the motor likely shorted out about a month before the 

evaluator’s first site visit.  The school was not able to estimate when they would have noticed the failed 

motor on their own.  The electrician asked the kitchen staff about the fan and they were unaware that it was 

broken.  The electrician estimated the motor to be about 30 years old and non-inverter rated, so the failure 

was likely caused by running the fan at slow speed using the VFD.  This finding did not factor into the 

evaluation energy savings calculation because it was not clear how long the motor would have remained 

broken and any adjustment would have had minimal impact on the evaluation savings and realization rate. 
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Once the motor was replaced, the evaluation installed a power meter on the line side of the VFD to 

determine the installed kW profile and operating schedule.  At the end of the metering period, a Yokogawa 

power meter was connected to the load and the VFD was manually operated at 60 Hz for approximately 15 

minutes to determine the pre-retrofit operating kW. 

Table 5 provides a summary of the data that was collected using meters installed specifically for this 

evaluation project. 

Table 5: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment 
Brand and Model 

Metering Duration Metering Interval 

Installed Exhaust Fan Power and 

Operating Schedule 
Wattnode Power Meter 1 month 5 min 

Pre-Retrofit Exhaust Fan Power Yokogawa Power Meter 15 minutes 1 second 
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Evaluation Savings Analysis 

As described in the preceding section, the evaluation utilized a combination of metering data and anecdotal 

site interview information to verify all of the inputs to the tracking analysis.  This information was then used 

to develop an 8,760 hourly model which calculates the fan kW associated with the kitchen hood exhaust for 

every hour of a typical year.  The model uses 2015 as the simulation year due to the availability of school 

calendar information for that period. 

The evaluation metering period includes 35 full days of data.  This data was used to develop three distinct 

kW profiles.  The first profile represents standard weekdays when school is in session and cooking is 

occurring under the exhaust hood; the second profile represents Saturdays and Sundays; and the third 

profile represents non-weekend holidays when the school is unoccupied but the control system starts the 

exhaust fan automatically.  Weekdays during school break periods, including summer vacation, are modeled 

using the School Holiday profile.  These three profile are show in Figure 3. 

Figure 3: Average Installed Fan kW Profiles 

 

A list of school holidays was found using the school’s online calendar.  In total, the school has 74 holidays 

including professional development days, vacation periods, and common federal/state holidays.  Each day of 

the hourly model is assigned one of the three day types included in Figure 3 and the post-retrofit kW profile 

for that day is assumed to follow that matching profile.   

Because the pre-retrofit fan was manually controlled with a switch, the fan is assumed to be off on 

weekends, school holidays and summer vacation when the kitchen staff is not present to turn the fan on.  
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Figure 4 provides a summary of the assumed pre-retrofit profiles.  On typical weekdays when school is in 

session, the fan starts at 6:15 AM and stops at 3:00 PM. 

Figure 4: Pre-Retrofit Fan kW Profiles 

 

The operating kW for the pre-retrofit case shown in Figure 4 was determined by spot metering the exhaust 

fan for 15-minutes with the VFD manually set to operate at 60 Hz.  Spot metering at 60 Hz returned an 

average power of 1.44 kW which then has to be corrected to account for the efficiency of the VFD.  Long 

term metering revealed the power input to the VFD never went to zero even when the fan was not 

operating.  The average kW when the fan was off was 0.06 kW.  The evaluation analysis assumes that this 

value represents the “drive burden” or energy directly consumed by the VFD.  The pre-retrofit operating kW 

is then calculated using the following methodology: 

Pre-Retrofit kW = 1.44 kW (60 Hz Metering) – 0.06 kW (Metered Drive Burden) = 1.38 kW 

The percent on-peak energy savings is calculated by summing the energy savings occurring during the peak 

period, defined as non-holiday weekdays between the hours of 6AM and 10PM, and dividing by the total 

energy savings.  The evaluation has calculated an on-peak savings of 100% since the pre-retrofit fan only 

operated between 6:15 AM and 3:00 PM on non-holiday weekdays when school is in session.   

The summer peak demand period is defined as non-holiday weekdays between 1:00 PM and 5:00 PM in 

June, July, and August.  The winter peak demand period is defined as non-holiday weekdays between 

5:00 PM and 7:00 PM.  The evaluation calculated the peak demand savings by summing the kWh savings 

during these periods and dividing by the total summer and winter peak demand period hours respectively.  
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The pre-retrofit fan did not operate during the winter demand period so there is a demand penalty of 

0.06 kW associated with the VFD burden.  There is 1 hour of overlap between the fan operating schedule 

and the summer peak demand period which results in an average demand savings of 0.1 kW. 

The claimed savings for this project (51,708 kWh) represent 6% of the total electric usage for the school in 

2013.  Because the actual installed exhaust fan is only 1.5-HP and the total evaluation savings is only 

690 kWh, the evaluation does not expect to be able to see this change in whole building electric bill data. 
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.   

Comparison of Assumptions 

Table 6 compares the key parameters used in the Tracking analysis with those used in the Evaluation 

analysis.  The purpose of this table is to show how the key inputs were modified. 

Table 6: Comparison of Key Parameters 

  PRE-RETROFIT PROPOSED / INSTALLED 

Parameter 
Tracking 
Value(s) 

Evaluation 
Value(s) 

Tracking 
Value(s) 

Evaluation 
Value(s) 

Average Fan Power 20.4 kW 1.38 kW 10.34 0.69 kW 

VFD Burden - - 0 kW 0.06 kW 

Annual Operating Hours 2,000 1,683 2,000 2,349 

Cooling Load Reduction - - 1,321 tons 0 tons 

Average Fan Power 

The average fan power was calculated in the tracking analysis under the false assumption of a 25-HP motor.  

The evaluation found the actual installed motor to be 1.5-HP.  The average evaluation fan power values are 

based on metering data rather than nameplate calculations. 

VFD Burden 

Variable frequency drives have a conversion efficiency that is typically around 97%.  This results in an 

energy penalty when the drive is operating at 60Hz.  Metering data suggests a VFD burden of 0.06 kW for 

this site.  This is a result of the VFD remaining on even when the controller has stopped the fan.  The burden 

is present for all hours in a typical year which amounts to 526 kWh annually. 

Annual Operating Hours 

The annual operating hours estimated by the tracking analyst are based on input from the site. 

Evaluation metering suggests that the fan operates on a regular schedule Monday through Friday from 6:15 

AM to 3:00 PM.  The metering period also included a holiday period where the school was unoccupied and no 

cooking was taking place.  During the holiday period, the fan still started at 6:15 Monday through Friday and 

stopped at 3:00 PM.  This suggests that the control system has a separate program for weekday and 

weekend schedules but does not account for school holidays.  The evaluation models the installed fan 

running during all weekday holidays at minimum speed since no cooking will be done on those days to cause 

the fan speed to increase.  Figure 3 provides a summary of the weekday, weekend, and holiday kW profiles. 

In the pre-retrofit case, there were no time of day controls on the fan so it is modeled as being off during 

non-weekend holiday periods. 

Figure 3 provides a summary of the kW metering data collected for this project.  The school holiday profile 

represents Christmas vacation when no cooking took place but the fan still started at 6:15 every morning 

and ran at its minimum speed.  The plot never drops below 0.06 kW which is what the evaluation considers 

the VFD burden or the energy required to power the drive. 

The evaluation imported all school holidays into a spreadsheet model to accurately calculate operating 

hours.  The school has 96 holidays in a typical year including single day holidays, week-long vacations, 

summer vacation and professional development days. 
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Cooling Load Reduction 

The tracking analysis calculated a cooling load savings of 1,321 ton-hours annually.  The tracking analysis 

assumes a cooling performance of 1.25 kW/ton which would have resulted in 1,651 kWh of annual cooling 

savings but a math syntax error resulted in a claimed cooling savings of 31,600 kWh.  The evaluation 

learned that no changes were made to the operation of the makeup air unit as part of this project, so 

although the airflow through the kitchen exhaust hood is reduced, the amount of outside air supplied by the 

makeup air unit does not change.  Therefore, the evaluation concluded that no cooling energy savings result 

from this project. 

Discrepancy Analysis 

This section describes the key drivers behind any difference in the tracking and evaluation estimates.  

Table 7 describes how changes to the key parameters influenced the final project savings. 

Table 7: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Pre-Retrofit Fan Power 19.02 kW difference Decreases savings by 36% 

Cooling Load Savings 31,600 kWh difference Decreases savings by 61% 

Pre-Retrofit Fan Power 

Fan power savings account for 39% of the savings claimed by the tracking analysis.  The tracking savings 

calculation was based on the assumption of a 25-HP exhaust fan motor.  The evaluation found the installed 

motor to be 1.5-HP or 6% of the tracking assumption.   

Operating Hours 

The evaluation also found that the automated controls were starting the fan on non-weekend holidays when 

school was not is session and allowing the fan to fun at its minimum speed.  This increases the operating 

hours and the energy use of the installed-case system, further reducing the net energy savings. 

Cooling Load Savings 

Cooling energy savings accounted for 61% of the savings claimed by the tracking analysis and the 

evaluation determined that there are no cooling savings.  This is the largest factor for the low savings 

realization rate for this project.   

The tracking analysis assumes that reducing the kitchen exhaust flow would directly impact the amount of 

makeup supplied to the building but the evaluation found that the makeup air unit was not programmed to 

track the exhaust flow.  Therefore no cooling savings exist. 

The tracking analyst also miscalculated the theoretical cooling savings during the study.  The theoretical 

savings should have been 1,651 kWh if the outside air supply flow was tied into the exhaust flow but the TA 

reported a theoretical savings of 31,600 kWh due to a syntax error in the spreadsheet calculation.   
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Program Improvement Opportunities 

The savings realization rate for this project is 1.3%.  This low realization rate is due in a small part to an 

issue with the fan controller automatically starting the fans on non-weekend holidays when the school is not 

occupied.  The two largest contributors to the savings discrepancy are related to tracking assumptions that 

could have been avoided. 

Fan tracking fan savings calculation assumed a 25-HP exhaust fan motor when the actual motor was 1.5-HP.  

Retrofit TA studies are typically required to include a metering period or at least spot metering to verify 

fan kW.  The original fan savings calculation for this project made up 39% of the electric savings which 

should have included metering to support the fan power assumption.   

Cooling savings accounted for 61% of the total claimed tracking savings.  This inflated savings estimated 

was due to a syntax error in the tracking spreadsheet.  A calculated cooling load reduction of 

1,321 ton-hours and a cooling energy savings of 31,600 kWh should have prompted further investigation 

into the calculation methodology.  This level of savings suggests a chiller plant performance of 23.9 kW/ton 

which is not reasonable.  The PA should perform a sanity check or ‘back of the envelope’ verification of the 

savings. 

When this project was first completed, a VFD was installed on a non-inverter rated motor that was 

approximately 30 years old.  Sometime between the original installation and when the evaluation first 

visited the site, the motor burned out and stopped functioning.  Some combination of the output voltage 

spikes associated with the VFD and operating the motor cooling fan at a slow speed likely contributed to the 

motor failing.  The evaluation recommends reviewing the age, rating, and general condition of motors before 

connecting a VFD.  This practice will help prevent unexpected motor failures.  
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PROJECT DESCRIPTION 

This retrofit project installed premium efficiency inverter-duty motors and variable frequency drives (VFDs) 

on seven existing fans serving a hotel kitchen. A new controller has also been installed to enable time-of-day 

scheduling and variable speed operation. Savings accrue directly from the reduction in run-hours and the 

overall reduction in average fan speed (airflow), and indirectly through the reduction in the heating and 

cooling load on the all-electric makeup air-handling unit (AHU). The tracking estimates of the savings were 

generated using the MassSAVE Custom Express calculator. 

Annual energy savings was found to be 287,224 kWh less than expected, resulting in a realization rate of 

65.2%. This discrepancy is due to installed fan operating hours greater than the TA expected, which was 

partially offset by airflows that were less than expected during operating hours. Differences in air 

temperature delivered by the air handler (make-up air) also reduced heating and cooling savings. 

The tracking and evaluation estimates of savings are shown in Table 1.  

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 825,920 538,696 65.2% 

% of Energy Savings on Peak 30% 45% 150% 

Summer On-Peak Demand (kW) 9.2 19.9 216.7% 

Winter On-Peak Demand (kW) 94.7 112.0 118.3% 
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TRACKING SAVINGS 

The affected fans include one makeup air handling unit (AHU) fan, three kitchen hood exhaust fans (EFs) 

and three transfer fans (TFs).   The AHU features a chilled water cooling coil and an electric heating coil. 

Baseline 

The baseline fans were assumed to operate continuously at full speed and fixed airflow 8,760 hours per year. 

Table 2 shows the key baseline parameter assumptions utilized in the tracking analysis. Evaluation analyst 

note: Tables 2 and 3 were edited post analysis to include additional key parameters determined important to 

the evaluation analysis.  

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Supply and Transfer Fan Airflow CFM 26,000 unknown  

Exhaust Fan Airflow CFM 26,000 unknown  

Operating hours per year 8,760 Interview  

Fan Motor Efficiency % 82.5 – 93.0 unknown Depending on motor size 

Total Fan Motor Rated HP 42.5 Nameplate Ranged from 2 HP to 15 HP  

Total Fan BHP 5.8 unknown 
Calculated from inputs of fan CFM, 

static pressure and fan efficiency 

Makeup air Heating Leaving Air 

Temperature (Heating LAT °F) 
65 unknown  

Makeup air Cooling Leaving Air 

Temperature (Cooling LAT °F) 
55 unknown  

Proposed Condition 

The proposed fans were assumed to operate 15 hours on weekdays, 14 hours on Saturdays, and 12 hours 

on Sundays.  Depending on the hour of the day the airflow was assumed to vary proportionally from 25% to 

100% of design across all fans during operating hours. Table 3 shows the key proposed case parameter 

assumptions utilized in the tracking analysis. 

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Average Supply and transfer fan 

airflow CFM (average across all hours) 
10,524 unknown  

Exhaust fan airflow CFM (average 

across all hours) 
10,524 unknown  

Operating hours per year 5,252 unknown  

Fan Motor Efficiency % 82.5 – 93.0 unknown 

Same as baseline (Tool does not 

allow change between baseline and 

proposed) 

 

Total Fan Motor Rated HP 42.5 Nameplate 

Total Fan BHP 5.8 unknown 

Makeup air Heating Leaving Air 

Temperature (Heating LAT °F) 
65 unknown 

Makeup air Cooling Leaving Air 

Temperature (Cooling LAT °F) 
55 unknown 
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Tracking Calculation Methodology 

The MassSAVE Custom Express hourly bin-model (calculator) was used to calculate the fan energy savings 

and the cooling and heating energy savings. The fixed parameters that were entered into the calculator 

included: 

 City of nearest weather station (Boston) 

 Typical AHU leaving air conditions for heating and cooling (drybulb and enthalpy) 

 Chilled water system efficiency (kW/ton)  

 AHU heating efficiency (kW/MBH) 

 Design airflow, total static pressure, and efficiency for each fan 

 Design horsepower and efficiency for each fan motor 

The hourly entries included the overall fan on/off status by daytype (weekday, Saturday and Sunday) for the 

baseline and proposed cases, and the overall average fractional airflow (25% to 100%) by daytype for the 

proposed case fans.  Using the above constant and hourly entries the calculator generates the following 

output: 

 Design fan brake horsepower (BHP) 

 Annual 8,760 hourly profiles of baseline, proposed and saved energy for fans, heating and cooling 

 Baseline and proposed annual average hourly total fan kW profiles  

 Monthly fan kW and kWh savings 

 Monthly cooling load savings (tons and ton hours),  

 Monthly heating kW and kWh savings  

 Monthly overall kW and kWh savings 

 Annual overall kWh savings  

 % on-peak annual kWh savings  

 Winter and summer peak kW savings 

The MALCIEC guidelines shown in Table 4 are defined in the calculation tool to determine Summer and 

Winter On-Peak kW savings, and percent of Savings On-Peak.   

Table 4: MALCIEC Demand Savings Definitions 

Savings Quantity Savings Definition 

% of Energy Savings on Peak All Months:  6am-10pm M-F excluding nine holidays 

Summer On-Peak Demand (kW) June, July, August: 1pm-5pm  M-F excluding holidays 

Winter On-Peak Demand (kW) December, January: 5pm-7pm  M-F excluding holidays 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the Evaluated savings for the 

project. Evaluators received permission to proceed with the project during a phone conversation with the 

site contact on September 21, 2015, and visited the site on January 21, 2016 to observe the installation, 

deploy loggers, and interview the site contact. All spreadsheets used in the estimation of evaluation savings 

will be made available to the PAs for review at their request. 

Measure Verification 

The project measure was verified through observation and interview during the site visit, as summarized in 

Table 5.  This project was an equipment retrofit add-on measure. The existing fan motors were functional 

prior to measure installation, and were replaced to improve efficiency and to ensure compatibility with the 

new VFDs.  Fan motors were replaced with premium efficiency motors. VFDs have been installed on each of 

the fans, and optical smoke detectors have been deployed above the grills to continuously monitor the 

smoke levels.  Controllers were installed to vary the fan speeds based on the detected smoke levels.  At the 

time of the site visit all but one of the fans were operating, and the operating fan VFDs were observed at 

100% speed. 

Table 5: Measure Verification 

Measure Name 
Verification 

Method 
Verification Result 

Kitchen Exhaust 

Hood Air 

Management System 

Site observation, 

equipment data 

logging 

Fan motors have been replaced with premium efficiency motors, VFDs have 

been installed on each of the fans, optical smoke detectors have been 

installed at the kitchen fume hoods with controllers installed to vary the fan 

speed based on detected smoke levels. 

Data Collection 

During the site visit evaluators deployed a three-phase kW logger on the line side of each of the seven VFDs 

driving the fans affected by this measure. Table 6 shows the primary data that was collected using these 

loggers.  Logger kW values were separately verified with one-time kW measurements. A temperature logger 

was also installed on the downstream side of AHU-13 to record leaving air temperature (LAT). Coincident 

outside air temperature data was obtained from the NOAA’s National Center for Environmental Information 

(formerly known as the National Climatic Data Center). Table 7 summarizes the fan peak kW observed from 

the trend data which corresponds to 100 percent fan speed. Figures 1 through 7 summarize the kW 

metering data and show the hourly kW demand profiles of each fan by daytype. 
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Table 6: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment 

Brand and Model 
Metering Start/Stop Dates Metering Interval 

AHU-13 kW Elite Pro SP January 21, 2016 through February 22, 2016 15 min average 

EF-17 kW Elite Pro SP January 21, 2016 through February 22, 2016 15 min average 

EF-18 kW Elite Pro SP January 21, 2016 through February 22, 2016 15 min average 

EF-19 kW Elite Pro SP January 21, 2016 through February 22, 2016 15 min average 

TF-1 kW Elite Pro SP January 21, 2016 through February 22, 2016 15 min average 

TF-2 kW Elite Pro SP January 21, 2016 through February 22, 2016 15 min average 

TF-3 kW Elite Pro SP January 21, 2016 through February 22, 2016 15 min average 

AHU-13 LAT Hobo Temp Logger February 23, 2016 through March 28, 2016 15 min average 

Table 7: Fan kW at Maximum VFD Speed 

Fan Peak kW VFD Speed 

AHU-13 2.28 100% 

EF-17 1.27 100% 

EF-18 2.67 100% 

EF-19 1.36 100% 

TF-1 1.01 100% 

TF-2 0.76 100% 

TF-3 0.91 100% 

  

Figure 1: AHU-13 Average Hourly Demand Profiles 
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Figure 2: EF-17 Average Hourly Demand Profile 

 

Figure 3: EF-18 Average Hourly Demand Profiles 
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Figure 4: EF-19 Average Hourly Demand Profiles 

 

Figure 5: TF-1 Average Hourly Demand Profiles 
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Figure 6: TF-2 Average Hourly Demand Profiles 

 

Figure 7: TF-3 Average Hourly Demand Profiles 
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Evaluation Savings Analysis 

Evaluators reviewed the trend data and spot measurements to determine appropriate updates of input 

parameters to the Custom Express calculation tool. The calculation tool produces an annual 8,760 hourly 

profile of baseline and installed energy use, as well as the 8,760 hourly energy savings profile based on 

baseline and proposed input parameters that define the system operating characteristics. Total energy 

profiles are composed of fan, heating and cooling energy. Fan motor brake horsepower (BHP) is calculated 

from inputs of fan airflow (CFM), total static pressure (TSP) and fan efficiency. Energy savings is a result of 

the reduced airflow profile defined for proposed operation in comparison to the constant flow baseline.  Key 

input parameters for the calculation of heating and cooling include the air temperature setpoints leaving the 

makeup air unit for heating (Heating LAT) and cooling (Cooling LAT), respectively. The tool does not allow 

for a change in motor efficiency between baseline and proposed operation, therefore the TA estimate did not 

account for the premium efficiency motors installed as part of the measure. The evaluators obtained an 

unlocked version of the calculator and were able to directly input some values such as the installed fan kW 

profile which allowed the evaluation to account for the change in fan motor efficiency.  

Installed Operating Profile 

Normal use of the calculation tool uses the calculated BHP, motor efficiency and the proposed exhaust fan 

CFM profiles along with typical part load curves for motor efficiency and VFD efficiency to calculate fan kW 

profiles. However, the evaluation collected fan energy consumption data used it to estimate the installed fan 

energy.  The evaluation fan kW metering data was summarized to provide typical installed hourly energy use 

profiles of the fans by day type, which are shown in Figure 1 through Figure 7. These profiles were combined 

and inserted directly into the calculation tool results section to define the installed fan annual hourly energy 

use profile. 

The evaluation reverse calculated the CFM profile and the BHP for each fan using the algorithms in the 

calculator applied to the monitored kW data. A CFM value was calculated for each 15-minute kW data value. 

The 15-miunute CFM estimates were then averaged up to produce the installed CFM profiles used in the tool. 

The motor efficiencies of the installed motors were used in the reverse calculations instead of the efficiency 

values that the TA had used in the calculation tool.  The CFM was assumed to be zero whenever the 

fractional kW dropped below 10%, otherwise the minimum CFM was assumed to correspond to 40% speed, 

based primarily on observations of EF-18’s VFD.  The results showed that the installed exhaust fans 

operated all hours of the year with an average airflow of 12,971 CFM compared to the TA value of 10,524 

CFM, and the total BHP of all fans was found to be 5.9 BHP compared to the TA total of 5.8 BHP. The overall 

average installed case fractional airflow profiles for the exhaust fans are shown in Figure 8.  
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Figure 8: Overall Average Percentage Airflow Profiles for the Exhaust Fans 

 

 

The calculation tool uses the exhaust fan CFM profile to calculate the space heating and cooling requirement 

profiles. Therefore, the profile shown in Figure 8 was input back into the calculation tool to produce the 

heating and cooling energy profiles. In addition, the logged air handler leaving air temperature was 

summarized and values of 62 °F and 74 °F were determined to be typical heating and cooling LATs, 

respectively. However, subsequent discussions with the building engineer revealed that the chiller is typically 

only operational from April through October and during those months the LAT cooling setpoint is 60 °F.  

Therefore 62 °F and 60 °F were used in the calculation tool to specify Heating LAT and Cooling LAT, 

respectively, compared to TA values of 65 °F and 55 °F for heating and cooling LAT, respectively. Because 

the chiller is off during November through March, any hourly cooling savings calculated by the tool during 

those months were set to zero. The logged LAT data is shown in Figure 9 as a function of the outside air 

temperature. 
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Figure 9: AHU-13 Average Leaving Air Temperature 

 

 

Baseline Operating Profile 

The calculation tool was used to generate the baseline energy use profiles for the fans, heating and cooling 

end-uses. The installed BHP values generated above for the installed case were inserted directly into the 

calculation tool, the motor efficiency values were changed to be consistent with typical standard efficiencies 

for each motor size, and the heating and cooling LAT values defined for the installed operating conditions 

remained the same. There was no indication that LAT was affected by the installed measure and no 

documentation as to the source of the LATs used in the TA, therefore the evaluation logged LAT values were 

deemed appropriate to define the baseline conditions. All other parameters that were defined in the TA 

analysis remained unchanged.  

Energy Savings Profile 

The annual hourly energy savings profiles was generated by the calculation tool as well as the annual energy 

savings, the Summer and Winter On-Peak Demand savings and % of Energy Savings On-Peak.  
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 8 summarizes the 

evaluation results.  

Table 8: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Kitchen Exhaust 

Hood Air 

Management 

System 

Electric energy (kWh) 825,920 538,696 65.2% 

% of Energy Savings on Peak 30% 45% 150% 

Summer On-Peak Demand (kW) 9.2 19.9 216.7% 

Winter On-Peak Demand (kW) 94.7 112.0 118.3% 

Comparison of Assumptions 

The TA proposed that the fans would be off and the airflow would be zero for 40% of the time (67 hours per 

week), however evaluators found that most of the installed fans never shut off. This resulted in an average 

exhaust airflow of 12,971 CFM across all hours of the year compared to the TA assumption of 10,524 CFM 

averaged across all hours of the year. However, the TA estimated that the average airflow would be 17,505 

CFM across 5,202 operating hours. Therefore the evaluation found the average airflow was less than 

proposed during operating hours, but the number of operating hours were greater than originally estimated. 

The fan motor efficiencies and total BHP values were also found to be different, however these parameter 

differences had only minor impacts on energy savings. The evaluation determined that the air handler LAT 

(make-up air for the exhaust fans) was preheated to 62°F and cooled to 60°F instead of the TA assumptions 

of 65°F and 55°F, respectively. However, cooling was typically only available during the months of April 

through October and was zeroed if the tool calculated cooling savings during the months that cooling was 

not available. These temperature differences reduced heating and cooling energy requirements from the TA 

estimates. Table 9 compares the values of key parameters between the tracking and evaluation analyses.  

Table 9: Comparison of Key Parameters  

  BASELINE PROPOSED / INSTALLED 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 

Tracking 

Value(s) 

Evaluation 

Value(s) 

Exhaust Fan Airflow CFM 

(average across 8,760 hours) 
26,000 26,000 10,524 12,971 

Operating hours per year 8,760 8,760 5,252 8,760 

Fan Motor Efficiency % 82.5 – 93.0 84.0 – 91.0 82.5 – 93.0 86.5 – 93.0 

Total Fan Motor Rated HP 42.5 42.5 42.5 42.5 

Total Fan BHP 5.8 5.9 5.8 5.9 

Makeup air Heating Leaving Air 

Temperature (Heating LAT °F) 
65 62 65 62 

Makeup air Cooling Leaving Air 

Temperature (Cooling LAT °F) 
55 60 55 60 
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Discrepancy Analysis 

Annual energy savings was found to be 287,223 kWh less than expected, resulting in a realization rate of 

65.2%. This discrepancy is due to installed fan operating hours  greater than the TA expected, which was 

partially offset by airflows that were less than expected during operating hours. Differences in air 

temperature delivered by the air handler (make-up air) also reduced heating and cooling savings. 

To help put the TA savings estimate into perspective, an end-use breakdown of savings is useful. The TA 

estimated space heat savings at about 88% of the total saving, space cooling at about 9% and fan energy at 

about 2% of total savings. 

 Fan operating hours and average airflow – The TA assumed that the proposed fans would operate 40% 

fewer hours compared to the always on baseline condition. The evaluation found that most fans 

operated all hours of the years. The TA also assumed proposed exhaust fan operation with an average 

hourly airflow of 17,505 CFM or about 67% fan speed during the proposed operating schedule, or when 

averaged across all hours of the year the airflow was 10,524 CFM or about 40% fan speed. The 

evaluation found the average installed hourly exhaust airflow at 12,971 CFM or about 50% speed. The 

largest impact of these findings significantly increased space heating energy use due to the 66% greater 

number of operating hours, even though the average airflow was reduced by about 26% during on hours, 

as compared to proposed operation. As part of the fan motor energy impact it is noted that the motors 

are significantly oversized with an average load factor of about 14% (5.9 BHP / 42.5 Rated HP) across 

all fans. Some motors have a much lower load factor. This results in operation that is very low on the 

part load curves for both motor efficiency and VFD efficiency. Baseline operation also is at the same low 

part load motor efficiency, however the installed condition results in greater energy use than baseline 

motor energy use due to very low VFD efficiencies. The low VFD efficiency offsets the load reduction 

resulting at lower speeds defined by the affinity laws.  The reason that there was positive fan energy 

savings in the TA analysis was due to fewer proposed fan operating hours. The evaluation by contrast 

shows an increase in total fan motor demand over all but seven hours of the week. With the increased 

operating hours for the installed case, total fan motor energy use increased by 3,450 kWh per year 

compared to baseline fan motor energy use. The TA showed fan motor energy savings of 19,065 kWh 

per year due to fewer fan operating hours in the proposed case.   

 Air handler unit Leaving Air Temperature (Cooling) - The TA assumed the air handler LAT at 55°F for 

cooling. The evaluation found the LAT to be 60°F while the air handler was in cooling mode and the 

chillers were operational from March through October. Cooling savings were set to zero the remaining 

months, although very few hours were affected due to cold outside temperatures. There was no 

indication that the setpoint had been changed as part of the measure and there was no documentation 

that provided a source for the TA value, so the installed LAT was also assigned to baseline operation. 

This had an impact of significantly reducing the cooling energy savings for the project, and by itself this 

input change to the calculator reduces total TA energy savings by about 5%. 

 Air handler unit Leaving Air Temperature (Heating) - The TA assumed the air handler LAT at 65°F for 

heating. Based on trend data, the evaluation found the LAT to be 62°F while the air handler was in 

heating mode. There was no indication that the setpoint had been changed as part of the measure and 

there was no documentation that provided a source for the TA value, so the installed LAT was also 

assigned to baseline operation. This had an impact of significantly reducing the heating energy savings 
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for the project, and by itself this input change to the calculator reduces total TA energy savings by about 

10%. 

Table 10 summarizes the key drivers of the discrepancies between the tracking and evaluation savings 

estimates.   

Table 10: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Operating Hours 

and Average 

Airflow  

The evaluation found installed fan operation to 

be 8,760 hours per year instead of the 5,252 

hours in the TA. Also the average airflow of the 

new VFD controlled fans was found to be 12,971 

CFM instead of 10,524 CFM as proposed (17,505 

CFM when averaged across the proposed 

operating hours). 

The impacts of these two parameters are 

difficult to separate, since they are highly 

interactive with each other, and with the leaving 

air temperature parameters. These two 

parameter discrepancies result in an overall 

savings reduction of about 20% after the 

interaction with LATs are accounted for.  

Cooling: Leaving 

Air Temperature 

(°F) 

The air temperature leaving the air handler 

during cooling was found to be about 60°F 

instead of the 55°F assumed in the TA estimate. 

This eliminated most of the cooling energy 

savings and reduced overall savings by about 

5%. 

Heating: Leaving 

Air Temperature 

(°F) 

The air temperature leaving the air handler 

during heating was found to be about 62°F 

instead of the 65°F assumed in the TA estimate. 

By itself, this reduced overall savings by about 

10%. This parameter is also highly interactive 

with operating hours and average airflow. 

 

Improvement Opportunities 

The post inspection signed MRD indicated that the new equipment was on-site, but not yet installed. If the 

inspection had occurred after installation, the 24/7 fan operation could have been identified and the tracking 

savings could have been adjusted appropriately. 

The fan motors for these fans are significantly oversized. This could have been observed during review of 

the application by comparing BHP to Rated HP, and motors could have been resized appropriately for the 

project. This would have increased energy saving by significantly increasing part load motor and VFD 

efficiencies. This would have also reduced the capital cost of the measure with smaller premium efficiency 

motors and smaller VFDs. Since the calculator does not allow a change between baseline and proposed 

motor HP, two calculator runs would be needed requiring a manual combination or results to obtain total 

savings.  
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SUMMARY 
A senior living facility with 123 beds retrofitted its commercial laundry system with an Ozone laundry 

system, installed an astronomical lighting controller for the exterior lights, and replaced the existing 

packaged terminal air conditioners (PTACs) in the resident apartments with heat pumps.  

With the measures installed, the evaluation estimates savings for this project that are 108.5% of the 

tracking savings. The key sources of the savings discrepancy are: 

 Water heater energy usage for the ozone laundry measure are different in both the pre-retrofit and 

installed cases of the tracking and evaluation analyses; the source of this discrepancy is unclear, but 

likely attributed to a load assumption used in the tracking analysis compared to a metered number 

of daily cycles used in the evaluation.  

 The tracking analysis assumes that all site lighting fixtures would be controlled by the astronomical 

timer; however, the evaluation found only 26.7% of the tracking site lighting demand to be 

controlled. Furthermore, the evaluation found that the number of reduced lighting hours to be 

24.1% of the number of reduced lighting hours used in the tracking analysis.  

 The tracking analysis assumed that, above 25°F, all heating would be handled by the heat pump 

elements; however, the evaluation found that some portion of the heating load was handled by the 

supplemental electric resistance heating element. This results in a reduction of the hours for which 

there are savings.  

Table 1: Project Results 

Savings Quantity Tracking Estimate 
Evaluation 

Estimate 
Realization Rate 

Electric energy (kWh) 180,710 195,991 108.5% 

% of Energy Savings on Peak 75.3% 51.8% 68.8% 

Summer On-Peak Demand (kW) 40.1 15.0 37.4% 

Winter On-Peak Demand (kW) 40.1 27.9 69.6% 

 

PROJECT DESCRIPTION 

This four-story, 28,733 ft2, long term care facility has 123 beds; each resident room in the facility has either 

two or three beds. All rooms are occupied, though the number of occupants per room varies based on 

demand (average occupancy rate of 85%). Metered data collected in the evaluation accounts for variation in 

occupancy for room to room. This application covers three retrofit measures: the installation of an Ozone 

laundry system; the installation of an astronomical timer control system for the exterior lighting; and, the 

installation of packaged terminal heat pumps in the apartments.  

The first measure in the application covers the installation of a new ozone laundry system that uses less hot 

water than the pre-retrofit conventional laundry system. Prior to the retrofit, the building was equipped with 

a conventional laundry system including two commercial washers and three commercial-type electric dryers. 
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When the ozone system was installed, the settings of the washing machines were changed to alter the cycle 

time, water volume, and water temperature for each part of the wash cycle (for multiple cycle types 

including sheets, towels, table linens, and personals). 

The use of ozone in a laundry system claims to reduce hot water usage, shorten wash and dry cycles, and 

reduce the chemical usage by 50% over a traditional laundry system. Energy savings result from reduced 

hot water heating loads attributed to the reduced water usage. Domestic hot water for the laundry is 

provided by two electric water heaters: one State Sandblaster model CSB120 (replaced a previously 

installed Rheem-Ruud model ES-120-18G) and one A.O. Smith model DVE 120.  

The second measure in the application considers the installation of an astronomical timer control system to 

enable the exterior lights to turn on and off based on sunset and sunrise schedules. Prior to the retrofits, the 

outdoor lights were all controlled to turn on and off using a mechanical timer; the previous exterior lighting 

schedules are unknown. Energy savings from the astronomical timer result from a reduction in the number 

of hours during which the site lighting fixtures are on. An inventory of the lighting fixtures is provided below. 

The tracking study indicates that the intent of the astronomical timer is to control all of the below fixtures; 

however, the evaluation found that not all site lighting fixtures were controlled. The exact quantity and type 

of controlled fixtures could not be verified.  

 

The third measure in this study considers replacing the pre-existing packaged terminal air conditioners 

(PTACs) serving the resident apartments with heat pumps. There are 64 total PTAC units in the facility. Prior 

to the retrofits, heating and cooling for the resident apartments was supplied by PTACs with electric 

resistance heating elements as there is no natural gas use in the facility. Under this application, all PTACs 

were replaced with air-cooled heat pumps with a heating performance of 3.3 COP. Energy savings result 

from an improved heating performance of heat pumps compared to the electric resistance heating of the 

PTACs. While cooling performance was not referenced in the project documentation or savings analysis, it is 

assumed that the heat pumps also have an improved cooling performance over the pre-existing PTACs.    

 

  

Exterior Lighting Fixture Fixture

Fixture Description Qty Wattage

Incandescent Posts 3 120

Incandescent Porch Lights 9 60

HID 6 175

Tungsten 1 250

HPS Wall Packs 3 250

Total: 22 2,950
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project. 

Pre-Retrofit 

The pre-retrofit laundry system is a conventional hot water and chemical product system. There are 

two commercial washers and three commercial electric dryers in the facility. Hot water for the washing 

machines is provided by two electric hot water heaters (one Rheem-Ruud ES-120-18G and one A.O. Smith 

DVE 120). The tracking analyst used a number of assumptions to estimate the pre-retrofit hot water load for 

the facility commercial laundry machines given the average occupancy. 

The pre-retrofit condition for the exterior lighting controls measure assumes a mechanical timer control. The 

specific time control schedule is unknown.  

The pre-retrofit case for the packaged terminal heat pumps measure utilizes monthly whole building bill data 

and considers September 2010 as a reference month, assuming no heating in September. The resident units 

are not sub-metered; only whole building bill data is available. Heating energy usage is calculated on a 

monthly basis based on whole building bill data from September 2010 to June 2011.  

Table 2: Ozone Laundry Pre-Retrofit Key Parameters 

  PRE-RETROFIT 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Site Occupancy 110 Unknown   

Dry Lbs Laundry/room-week 24 Site Estimate  

Towels/Sheets: 2.3 

lbs/day/room 
Personal Clothes: 
8 lbs/week  

Gallons Hot Water per Lb of 

dry laundry 
2.8 Unknown  

 Water Inlet Temp (°F) 65  Unknown   

Hot Water Temp (°F) 160 Unknown  

 
Table 3: Astronomical Timer Pre-Retrofit Key Parameters 

  PRE-RETROFIT 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Annual Hours of Operation 4,470 Unknown   

Connected Lighting Demand 3 kW Site   

 
Table 4: Heat Pumps Pre-Retrofit Key Parameters 

  PRE-RETROFIT 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Average Non-Heating Energy 

Consumption (kWh/day) 
2,117 

Bill data for September 

2010 
  

Heating Season October - June Unknown  
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Proposed Condition 

The proposed case considers that the existing laundry system is retrofitted with an ozone laundry system. 

The ozone laundry system claims to save energy as ozone is an effective laundry agent that reduces the 

need for hot water.  

The proposed case considers that the existing site lighting fixtures be retrofitted with an astronomical timer 

which turns the lights on and off based on the time of sunrise and sunset. Savings result from reduced hours 

during which the lighting fixtures are on.  

The proposed case replaces resident apartment packaged terminal air conditioners with packaged terminal 

heat pumps. Savings result from the improved heating performance of heat pumps over electric resistance 

PTACs.  

Table 5: Ozone Laundry Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Site Occupancy 110 Unknown   

Dry Lbs Laundry/occupant-week 24 Site Estimate 

 Towels/Sheets: 2.3 
lbs/day/occupant 
Personal Clothes: 

8 lbs/week  

Reduction in Hot Water Usage due to 
Ozone Cleaning 

55%  
Tracking Analysis 
Assumption 

  

Water Inlet Temp (°F) 65 Unknown  

Hot Water Temp (°F) 160 Unknown  

 
Table 6: Astronomical Timer Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Annual Hours of Operation 4,100 
Sun Path Diagram & 
Boston Lighting Analysis 

 

Connected Lighting Demand  3 kW Site  

 
Table 7: Heat Pumps Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Average Non-heating Energy 

Consumption (kWh/day) 
2,117 

Bill data for September 

2010 
 

Heating Season 
October - 

June 
Unknown  

Heat Pump Performance (COP) 3.3 Data sheet  

Temperature below which heat pump 

switches to electric heat 
25°F Assumption  

Savings Safety Margin 15% Assumption  
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Tracking Calculation Methodology 

Ozone Laundry 

The tracking analyst used a spreadsheet analysis with a single line calculation to estimate the energy usage 

of the pre-retrofit system and the energy usage of the proposed system. Annual savings are the difference 

between the proposed energy usage and the pre-retrofit energy usage.  

Annual Savings (kWh) = Pre-retrofit Energy Usage (kWh) – Proposed Energy Usage (kWh) 

The same weekly laundry load is considered in both cases. The weekly laundry load is calculated based on 

110 residents and an assumed 24 pounds of laundry per room per week.  

The pre-retrofit energy usage assumes a defined volume of hot water (2.8 gallons/lb dry laundry) is 

required to clean the laundry. The annual energy usage in the pre-retrofit case is calculated as the energy 

required to heat the required amount of water from an incoming water temperature of 65°F to 160°F for use 

in the laundry.  

Water to be Heated (lbs water/week) = Laundry Load (24 dry lbs laundry/occupant-week)  

× 110 Average Occupants × Hot Water Requirement (2.8 gal/lb of dry laundry)  

× 8.36 (lbs water/gal water)  

Pre-Retrofit Energy Use (kWh) = Water to be Heated (lbs water/week)  

× Specific Heat of Water (1.0 Btu/lb-°F) × [Hot Water Temp (°F) – Water Inlet Temp (°F)] 

× 52 weeks/year ÷ 3,412 Btu/kWh 

The proposed case assumes that only 45% of that hot water volume is required with an ozone laundry 

system. The source of this assumption is unclear. The proposed case annual energy usage assumes a 55% 

reduction in the total amount of water that requires heating, resulting in 55% energy savings.  

The tracking analysis estimates a pre-retrofit energy usage of 89,368 kWh per year and savings of 

49,207 kWh per year for this measure. Due to typical laundry schedules, all savings from this measure are 

during on-peak hours.  The tracking analyst calculated both the summer and winter peak kW reductions to 

be 16.9 kW. It is unclear how this demand reduction was calculated; however, assuming savings are 

constant throughout the year, the peak reduction number implies 2,912 annual hours of operation. These 

hours of operation are reasonable as they suggest laundry is processed 8 hours per day, 7 days per week, 

year-round.  

Astronomical Timer 

The tracking analyst used a single line calculation to estimate the savings for the installation of an 

astronomical timer control on the exterior lights. The connected lighting power is constant in the pre-retrofit 

and proposed cases. Savings result from a reduction in the annual hours of operation. 

Annual Savings (kWh) = Connected Lighting Load (kW) × (Pre-retrofit Hours – Proposed Hours)  

The proposed hours of use assume an average 11.25 hours of darkness per day, based on what appear to 

be a lighting analysis and sun path diagram for Boston, MA. It is unclear how the pre-retrofit hours of use 

(~12.25 hours per day) are determined in the tracking analysis. 

The tracking analysis estimates savings of 1,110 kWh per year for this measure. Due to typical site lighting 

hours, all savings from this measure are during off-peak hours.  The tracking analyst calculated both the 

summer and winter peak kW reductions to be 0.27 kW. This is the equivalent average demand reduction 

over the proposed site lighting hours (ie. Demand Reduction, kW = Savings, kWh ÷ Proposed Hours of 
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Operation). The evaluation believes that this peak reduction calculation is incorrect as peak hours are from 

1PM-5PM in the summer (June – August) and 5PM-7PM in the winter (December – January). As all savings 

from the astronomical timer occur during nighttime hours, there would not be any peak savings for this 

measure.  

Heat Pumps 

The tracking analyst calculated savings for the heat pump installations based on historical bill data for the 

facility. The tracking analyst reviewed building monthly electric data from September 2010 to June 2011. Of 

all months in the data range, September had the overall lowest electric consumption and was assumed to be 

representative of building operation without heating. The tracking analyst estimated the average pre-retrofit 

energy consumption of the building, without heating, via the following formula: 

Pre-Retrofit Non-Heating Energy Consumption (kWh/day) = Sept. Energy Usage (kWh) ÷ 30 days  

Assuming the winter of 2011 to be a typical winter for the facility, the tracking analyst estimated the 

non-heating energy consumption for the months of October to June by multiplying the pre-retrofit 

non-heating energy consumption value by the number of days in each month. For each month, the heating 

energy usage was estimated as follows: 

Monthly Heating Energy (kWh/month) = Monthly bill data usage (kWh/month) –  

[Pre-Retrofit Non-Heating Energy Consumption (kWh/day) × Number of Days per Month] 

It is unclear how exactly the annual energy consumption is calculated, as the value used in the tracking 

analysis is ~3% more than the simple sum of the calculated monthly heating energy usage from October 

through June. This approach does not factor in typical weather data (heating degree days).  

The tracking analysis calculates the proposed case energy usage assuming that at ambient temperatures 

below 25°F the heat pumps do not operate and the supplemental electric resistance heating elements are 

instead used. The analysis assumes electric resistance heat for 20% of the heating season.  

Proposed Electric Resistance Heating (kWh/year) = 20% × Pre-Retrofit Heating Energy (kWh/year) 

The other 80% of the heating load is handled by the heat pumps with a performance of 3.3 COP. Annual 

energy use from the heat pumps is calculated using the equation below. 

Annual Heat Pump Energy Use (kWh/year) = 80% × Pre-Retrofit Energy Usage (MBTU) ÷  

(3.412 kWh/MBTU × 3.3 COP) 

The total proposed energy usage is the sum of the proposed heat pump and electric resistance energy uses.  

Total savings for this application factor in a safety factor of 15% and are calculated with the below formula. 

Energy Savings (kWh) = (1 – 15%) × (Pre-Retrofit Heating Energy – Proposed Heating Energy) 

The tracking analysis estimates a pre-retrofit heating energy usage of 278,912 kWh and annual savings of 

130,393 kWh for this measure; on-peak savings are calculated to be 67% of the total savings. All savings 

are assumed to be during the winter, though it is unclear why summer cooling savings from the heat pumps 

are not considered. The percent on peak savings assumes savings are the same for every hour of the 

winter. The tracking analyst calculated the peak kW reduction to be 22.9 kW. It is unclear how this demand 

reduction was calculated.  
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PROJECT EVALUATION 
The following table shows how the three measures in this study were evaluated.  

Table 8: Measure Verification 

Measure Name Verification Method Verification Result 

Ozone Laundry 
Site observation and metering data of washers, 
dryers, water heaters, and ozone pump 

Installed and Operational.  
Achieving 120.8% Savings 

Astronomical Timer Metering data of site lighting circuit 
Installed and Operational.  
Achieving 7.0% Savings 

Heat Pumps 
Site observation, utility interval data and metering 
data of heat pump discharge air temperature and 
amperage 

Installed and Operational.  
Achieving 104.7% Savings 

Pre-Retrofit Case Discussion 

This section provides a discussion of the pre-retrofit cases used in the evaluation, along with discussion 

explaining the rationale for considering all three measures as retrofit measures as opposed to new 

construction measures.  

Ozone Laundry 

The evaluation considered the ozone laundry measure to be a retrofit measure as no ozone laundry system 

was installed prior. The “pre-retrofit” case for this measure considers the existing laundry system, which 

was operable before the addition of the ozone system. 

Astronomical Timer 

The evaluation considered the astronomical timer measure to be a retrofit measure, with the pre-retrofit 

conditions assuming the site lights to operate with a pre-defined schedule. This approach reflects how the 

lights were being controlled prior to the astronomical timer addition. The site lights were still operable at the 

time of the retrofit and were not changed in the scope of work. 

Heat Pumps 

Prior to the heat pump installation, site heating and cooling was provided by packaged terminal AC units 

with electric resistance heating elements. At the time of the heat pump installation, the PTACs were still 

operable (i.e. not at the end of their useful life). The site replaced the PTAC units as the outcome of an 

energy audit conducted in December 2011. Given that the PTACs were still operable at the time of the 

replacement, the evaluation considered this as a retrofit measure, with the “pre-retrofit” case considering 

the pre-existing PTAC units.  

Data Collection 

To evaluate the realized energy savings for the ozone laundry system, astronomical timer, and apartment 

heat pumps, the evaluation collected historical utility data along with metered data for the equipment 

included in the project scope. The utility data is used largely to verify savings from the heat pump 

installation, as the savings from the ozone laundry and astronomical timer measures are small relative to 

whole building energy usage and not apparent from a utility data review.  

Ozone Laundry 

The evaluation tracked down a measurement and verification (M&V) report that the vendor assembled for 

this site when installing the ozone laundry system. This report is independent of the TA study and tracking 

calculations described above. This report details the amount of water (gallons), water temperature (°F), and 

cycle time (minutes) for each step of the wash cycle, both before and after the ozone laundry system was 

activated. These parameters vary both by machine (one 55 lb. and one 60 lb. machine) and wash cycle 
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selection (sheets or towels). The wash cycle includes the following steps: detergent, bleach, rinse, extract, 

rinse, rinse with softener, and extract. 

The vendor’s M&V report suggests a significant decrease in the amount of water (gallons), water 

temperature (°F), and cycle time (minutes) for each of the programmed wash cycle types. According to the 

vendor, the settings are programmed into the machines specifically for each wash cycle type (sheets or 

towels), and the parameters are held constant regardless of the size of the wash load. Per the vendor’s 

insight, standard operating procedures require the site to weigh the laundry via scale to the proper load 

weight prior to loading the machine, as machine formulas and chemical dosages are calibrated for maximum 

load. However, it does not appear that the site is following this procedure.   

The evaluation attempted to verify the inputs on the tracking analysis and vendor’s M&V report by installing 

a power meter on each of the hot water heaters (two total) to determine operating kW, and installing 

amperage loggers on each of the washing machines (two total) and dryers (three total) to determine 

machine runtime and number of cycles per day. Additionally, the evaluation installed an amperage logger on 

the ozone pump to determine pump runtime; pump demand was extrapolated from the amperage data and 

estimated voltage as spot metering was not feasible given the electrical cabinet arrangement. Furthermore, 

the evaluation installed a temperature sensor on the hot water supply to the washing machine to track 

water temperature.  

While on site, the laundry room plumbing was traced and it was determined that the hot water heaters are 

likely fed by recirculated hot water from elsewhere in the building (i.e. the hot water heater incoming 

temperature was significantly warmer than the city water temperature). Given this finding and the fact that 

the pre-retrofit case cold water temperature would be identical to the installed case, it was determined that 

cold water temperature could be estimated. 

Astronomical Timer 

The evaluation spot metered the lighting circuit controlled by the astronomical timer to determine the total 

kW, amperage, voltage, and power factor of the controlled exterior lighting fixtures (with lights on). The 

evaluation also left an amperage logger on the astronomical timer circuit to capture the duration of time 

that the fixtures are commanded on by the astronomical timer. The logger was left for a two month period. 

The evaluation assumes that all exterior lighting fixtures have the same hours of operation with the 

astronomical timer.  

Upon interviewing the site operator, the evaluation found that no information is available regarding the time 

schedules prior to the retrofit.  

Heat Pumps 

The evaluation installed temperature loggers on a sample of the heat pumps in the guest rooms to log the 

unit’s discharge air temperature. Based on discharge air temperature readings, the evaluation determined 

whether the unit is in heating or cooling. Any significant changes in the discharge air temperature were 

taken as a sign that the unit has cycled on or off.  

The evaluation selected rooms for sampling based on site preferences, and included rooms on all four 

building exposures to ensure data is not skewed by a particular zone’s orientation. Additionally, the 

evaluation sampled a sufficient number of heat pumps such that the overall data set was not influenced by a 

particular resident’s heating or cooling preferences. Furthermore, the evaluation sampling included the three 

different model heat pumps (three sizes) installed in the building. Based on a count of the installed heat 

pumps, there are 64 heat pumps in the facility. The evaluation metered 10 of the heat pumps (~16%).  
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In addition to metering a sample of the heat pumps, the evaluation attempted to verify the switchover 

period from heat pump heating to electric resistance heating by metering total unit amperage. Based on 

nameplate information for the heat pumps, the amperage draw of the unit is ~3 to 4 times greater when the 

electric resistance heating element is active, compared to when the heat pump heating is active. It is likely 

that all heat pumps are programmed identically, so a sample of 5 heat pumps were selected for amperage 

metering. Nameplate data for the heat pumps was recorded and coincident hourly weather data was used to 

determine the correlation between heat pump operation and outdoor air temperature.  

Table 9: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment Brand 

and Model 
Metering 
Duration 

Metering 
Interval 

Laundry Water Heater Demand (two heaters) Wattnode (x2) 2-month 1-min 

Laundry Hot Water Temperature Hobo UX120-006M  2-month 5-min 

Washing Machine Runtime (two machines) Hobo UX120-006M (x2) 2-month 1-min 

Dryer Runtime (three machines) Hobo UX120-006M (x3) 2-month 1-min 

Ozone Pump Runtime & Amperage Hobo UX120-006M 2-month 10-seconds 

Exterior Lighting Power Demand Yokogawa 5-minutes  1-second 

Exterior Lighting Fixtures Runtime Hobo UX120-006M 2-month 1-min 

Heat Pump DAT (11 units) Hobo U12 Temp/RH (x10) 1-month 2-min 

Heat Pump Electric Resistance Heating 
Element (5 units) 

Hobo UX120-006M (x5) 2-month 1-min 

 

The following table provides a summary of the information that was requested from the site, observed on 

site, or otherwise obtained in support of the evaluation analysis.  

Table 10: Evaluation Data Collection – Data Received 

Source Parameter Interval Duration 

Utility Meter Reads Facility Electricity Consumption Monthly 4 years 

Facility Personnel Laundry schedule   

Ozone Laundry Vendor Ozone laundry M&V report   

Site Observations 
Specifications for heat pumps/ heat pump model 
numbers 

  

NOAA Sunrise and sunset times Daily 12 months 

NOAA Coincident Weather Data Hourly Metering Duration 
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Evaluation Savings Analysis 

This section describes the analysis approach taken for all three measures and shows how the analysis uses 

the collected data to estimate annual energy savings.  

Ozone Laundry 

Installed Case Energy Usage 

The evaluator installed a kW meter on each of the two water heaters, amperage loggers on each of the two 

washing machines, amperage loggers on each of the three dryers, an amperage logger on the ozone pump 

and a temperature logger on the hot water feed to the washing machines. Meters were left in place for an 

eight week period. Based on anecdotal information provided by facility personnel, and supported by the 

metering results, laundry is processed from approximately 6AM to 8PM, 7 days a week, year-round. The 

below charts show the average daily profiles for laundry operation.  

Figure 1 

Average Daily Water Heater Demand Profile 
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Figure 2 

Average Daily Washer and Ozone Pump Amperage Profile 

 

Figure 3 

Average Daily Dryer Amperage Profile* 

 

*The current transducers installed on dryers 2 and 3 were incorrectly sized (50 amps); the current transducer installed on 

dryer 1 was accurately sized (100 amps) and yields most reliable readings 
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Figure 4 

Average Daily Hot Water Temperature Profile 

 

Nameplate data was collected for all water heaters, washing machines, dryers, and the ozone pump. A 

summary of the observed nameplate data is provided below. 

Chart 1 

Laundry Equipment Inventory 

 

Based on the washing machine and dryer amperage data, the evaluation determined an average washer 

load cycle to last approximately 40 minutes and an average dryer load cycle to last approximately 60 

minutes. The dryer load cycle time was verified by site personnel who manually input drying times for each 

load. Due to the continuous nature of processing laundry in the facility, the beginning and end of each load 

is not apparent in the metering data (i.e. one load’s cycle ends and another load’s cycle begins within the 1-

minute logging interval of the amperage meter). 

For each piece of equipment, the evaluation determined a threshold above which it could be reasonably 

assumed the equipment was “on”. Based on this data, the evaluation calculated the total daily runtime for 

each water heater, washing machine, dryer and ozone pump. The total daily runtime is divided by the cycle 

time to determine the number of cycles processed per day. For each energy end user, the average daily kW 

or amperage was calculated, based on the available metering data.  

Equipment ID Manu Model Size (lbs) Volts Amps Phases

Washer 1 Milnor 30022M5J 55 220 - 3

Washer 2 Unimac UW60PVQU10001 60 220 19 3

Dryer 1 Huebsch 65CE 50 208 88 3

Dryer 2 Speed Queen ST075EQTF5G2W01 - 208 89 3

Dryer 3 Huebsch 65CE 50 208 88 3

Ozone Pump US Motors S55JXNHK-7106 N/A 208 2.8 1

Left Water Heater Sand Blaster CSB12024SFEX100 N/A 208 - 3

Right Water Heater A.O. Smith DVE 120A 100 N/A 240 - 3
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The demand for all washers, dryers, and the ozone pump was calculated from the metered amperage data 

using the below formula and assuming a power factor of 0.85.  

Demand (kW) = Metered Amperage × Voltage × Power Factor × √(Number of Phases) ÷ 1,000 

It is important to note that the evaluation had installed incorrectly sized current transducers on dryers #2 

and #3. As all dryers showed the same trend of drawing the rated amperage (80 Amps) when on, amperage 

data from dryer #1, which had an appropriately sized current transducer, was used to estimate the 

operating demand for all three dryers. Operating hours were considered separately for each machine.  

For all eight pieces of equipment, an average energy usage (kWh) per load of laundry was developed 

assuming the above mentioned 40 minute washer load cycles and 60 minute dryer load cycles. For each 

piece of equipment, the total daily runtime was calculated assuming the “on” thresholds described above. 

The corresponding metered/calculated kW values were summed up for “on” periods to determine a total 

kWh per day. Energy usage per load is calculated with the below formula. 

Usage per load (kWh/load) = Total Daily “on” Usage (kWh) ÷ (Total Daily Runtime ÷ Load Time) 

Load Time = 60 minutes (dryers); 40 minutes (washers, water heaters, ozone pump) 

In addition to the eight pieces of metered equipment, the evaluation found the laundry hot water heaters to 

be fed by recirculated hot water from the buildings main boilers (i.e. hot water heater incoming temperature 

was significantly warmer than the city water temperature). The evaluation estimated laundry-related energy 

usage of the building hot water heaters by adjusting calculations provided in the vendor’s M&V report. Refer 

to the “Pre-Retrofit Energy Usage and Savings” section on the next page for details of the calculation.  

Based on the metered data, the site processes approximately 21.78 loads of laundry per day, year-round. 

This is extrapolated to 7,949 loads of laundry per year. The number of loads per day is calculated by 

summing up the daily runtime for each machine and dividing by the load’s cycle time. The below chart 

shows the combined daily wash loads (washers #1 and #2) and combined daily dryer loads (dryers #1-#3) 

throughout the metering period.  

Figure 5 

Daily Washer and Dryer Loads 
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The below chart shows the average kWh per load for each type of laundry equipment in the installed case.  

Chart 2 

Installed Case Energy Use per Cycle Breakdown 

  

Pre-Retrofit Energy Usage and Savings 

The findings from the installed metering data were compared to the vendors M&V study to determine the 

pre-retrofit energy usage. The vendors M&V study is separate from the tracking analyst’s calculations and it 

does not appear that the TA utilized any information from the M&V study in developing the savings 

estimates. The vendors M&V report lists out water usage, water temperature, and cycle time, for each part 

of the cycle (detergent, rinse, bleach, etc.). As the evaluation was unable to meter water usage per load due 

to site constraints, the vendor’s M&V study is used as the best available source of data. The vendor’s report 

considers both the pre-retrofit and installed conditions for both washing machines (one 55-lb and one 60-lb) 

for two different load settings (sheets and towels).  

While the evaluator found the general approach taken by the vendor appropriate, the evaluation did not 

agree will all analysis inputs. The evaluator updated the M&V analysis, adjusting the following inputs: 

1. M&V report listed an electric heat efficiency of 85%. Evaluator assumed 100% efficiency for the 

electric resistance heating elements. The 100% efficiency assumption aligns with the TA assumption 

of 100% recovery efficiency for electric DHW.  

2. M&V report assumed that the temperature of the water entering the hot water heaters was 52°F 

(city water temperature). Upon inspection, the evaluation found that the water entering the hot 

water heater was likely recirculated hot water from elsewhere in the building. The evaluator 

assumed an entering water temperature of 100°F. The evaluator also estimated savings from the 

building water heaters feeding the laundry water heaters.  

3. M&V report assumed an installed case water heater leaving water temperature of 90°F (water used 

in wash cycle, entering the machine). Per the metered data summarized in Figure 4 above, the 

average observed hot water temperature entering the machine was ~130°F. The evaluator assumed 

a 130°F installed case water temperature. 

With these updates and assuming the same reduction in water per load with the ozone system, the vendor’s 

M&V analysis showed the following laundry water heater energy usage per load.  

Evaulation Findings Installed Case

End Use Avg kW Cycle Time (min) kWh/load

Laundry Water Heater 4.79 40 3.19

Building Water Heater 7.01 40 4.67

Washer 0.71 40 0.48

Dryer 24.26 60 24.26

Ozone Pump 0.64 40 0.43

Total 37.41 - 33.03

Avg Daily Loads 21.78

Days per Year 365

Annual kWh 262,518
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Chart 3 

Adjusted Vendor M&V Calculation Summary – Laundry Water Heater Energy Usage 

 

The vendor’s installed case kWh/load values do not exactly match the evaluation’s findings for installed 

laundry water heater kWh/load, but are similar. The evaluation data factors in variation in types of loads 

(including sheets, towels, table linens, personals, etc.) and machine loading levels. The evaluation numbers 

are based on actual data metered over a 2-month period.   

As the evaluation was unable to associate meter data with type of load (sheets, towels, etc.), the average 

savings of 62% was assumed. The pre-retrofit energy usage is calculated assuming 62% hot water savings 

per load for the laundry hot water heaters. 

In addition to savings at the laundry hot water heaters, the evaluation considered savings associated with 

the building hot water heaters that feed the laundry hot water system. There are two 45 kW electric boilers 

(Precision Boilers models HWS-3674V and HWS-3070V) that provide hot water to the facility. The evaluation 

considers that the building hot water heaters heat ~56°F city water up to 100°F. The vendor M&V study 

assumes 52°F incoming water temperature; however the evaluator used ground temperature data from 

eQuest TMY3 weather files for Boston, MA, to determine an annual average ground temperature of 56°F.  

The laundry hot water heaters then heat the 100°F inlet water up to 130°F (as observed in the metering 

data).   

To estimate building hot water heater savings, the evaluation used the vendor’s M&V analysis that lists out 

water usage (gallons) for the pre-retrofit and installed cases for the load types discussed above. The 

evaluator broke out hot water usage for each load type. A comparison of the hot water usage per load type 

both with and without the ozone system is provided in the below chart.  

Chart 4 

Adjusted Vendor M&V Calculation Summary – Hot Water Usage per Load 

 

To account for discrepancies between the metered laundry water heater energy usage per load and the 

vendor’s M&V energy usage per load, the evaluation applied a scaling factor of 74.2% (3.19 kWh/load 

evaluated ÷ 4.30 kWh/load vendor M&V) to the hot water usage values (gallons) listed in the above chart. 

Energy Laundry Water Heater kWh Savings

End Use Pre-Retrofit Installed %

55 lb Sheets 9.21 3.41 63%

55 lb Towels 13.28 5.09 62%

60 lb Sheets 9.20 3.41 63%

60 lbs Towels 13.44 5.31 60%

Total 11.29 4.30 62%

Energy Hot Water Use - Gallons Savings

End Use Pre-Retrofit Installed Gal/Load

55 lb Sheets 75.46 46.50 28.96

55 lb Towels 108.79 69.50 39.29

60 lb Sheets 75.31 46.50 28.81

60 lbs Towels 110.09 72.50 37.59

Average 92.41 58.75 33.66
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With this scaling factor, the evaluation estimates that 25.0 gallons of hot water are saved per load with the 

addition of the ozone system.  

The building water heater energy usage in both the pre-retrofit and installed cases is calculated using the 

below formula: 

Building Water Heater Energy Usage (kWh/load) = Gallons per Load × 8.3 lbs water/gallon  

× 1.0 Btu/lb-°F × (100°F – 56°F) ÷ 3,412 Btu/kWh 

Building water heater savings are calculated to be 2.68 kWh per load, implying savings of 36% over the pre-

retrofit conditions. 

Additionally, the vendor’s M&V report claims an average 10% decrease in load cycle time with the ozone 

laundry system. This same assumption is carried through to the evaluation. No further investigation of load 

cycle time was conducted as there was no way to verify pre-retrofit load cycle times and the total washer 

savings predicted by the evaluation are small, approximately 0.7% of the total savings for the ozone laundry 

system.  

Regarding the dryers, the evaluation determined that no savings for reduced run time were being achieved 

as the site manually sets drying time when loading the machines.  

The below chart show the overall savings factors applied to extrapolate the pre-retrofit energy usage (kWh 

per cycle) prior to the ozone system installation.  

Chart 5 

Comparison of Energy Usage per Cycle 

 

Peak Savings 

Per the metered data, the laundry operating hours are from 6AM to 8PM, daily (including holidays). The 

demand peak periods are defined as: 

Summer Demand Peak – Non-holiday weekdays, June-August, 1PM-5PM 

Winter Demand Peak – Non-holiday weekdays, December and January, 5PM-7PM 

The energy peak period is defined as: 

Energy Peak Period – Non-holiday weekdays, 6AM-10PM 

The metering data suggest that the site processes an average of 21.78 loads of laundry per day and 

operates 14 hours per day, suggesting an average of 1.56 loads per hour. An 8,760 model with TMY3 data 

Evaulation Findings Installed Case Savings Pre-Retrofit Savings Percent of

End Use Avg kW Cycle Time (min) kWh/load Factor kWh/load kWh/load Savings

Laundry Water Heater 4.79 40 3.19 62% 8.37 5.18 69.2%

Building Water Heater 7.01 40 4.67 36% 7.35 2.68 35.8%

Washer 0.71 40 0.48 10% 0.53 0.05 0.7%

Dryer 24.26 60 24.26 0% 24.26 0.00 0.0%

Ozone Pump 0.64 40 0.43 - 0.00 -0.43 -5.7%

Total 37.41 - 33.03 - 40.51 7.48 100.0%

Avg Daily Loads 21.78 21.78 21.78 -

Days per Year 365 365 365 -

Annual kWh 262,518 321,960 59,441 -
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for Boston, MA, is used to determine the percent on peak savings and the peak demand reductions for this 

measure. The below table shows a breakdown of the savings by peak period: 

Chart 6 

Ozone Laundry Breakdown of Peak Savings 

 

 

Astronomical Timer 

Installed Case Energy Usage 

The evaluation spot metered the total kW demand on the astronomical timer circuit for a ~5 minute period. 

With the lights on, the total average demand for the fixtures controlled by the circuit was 0.87 kW. This is 

~29% of the value used in the tracking analysis. A visual observation of the site lighting fixtures suggested 

that a number of fixtures were installed with a reduced number of light bulbs (i.e. the fixture houses 3 

bulbs, only 2 were installed). Also, not all site fixtures are controlled by the timer, though the exact number 

of controlled fixtures could not be determined; the tracking analysis assumed all site fixtures to be 

controlled. 

An amperage logger was left on the astronomical lighting circuit over an eight week period from 11/11/15 to 

1/7/16. From the data, the evaluator was able to determine when the site lights turned on each evening and 

off each morning. For each night, the evaluator determined the total number of hours that the fixtures were 

on. These operating hours were compared with sunset and sunrise times for the same period, downloaded 

from the National Oceanic and Atmospheric Administration (NOAA). A comparison of the time the lights were 

on with the number of nighttime hours (based on sunset and sunrise times) is provided in the below figure.  

Savings kWh On-Peak Off-Peak Total Peak Demand Savings

Summer 13,680 6,188 19,868 Summer (kW) 11.63

Winter 27,685 11,888 39,573 Winter (kW) 11.63

Total 41,365 18,077 59,441
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Figure 6 

Site Lighting – Comparison of Operating Hours to Hours of Darkness 

 

A relationship between the number of hours the site lighting fixtures were on and the number of nighttime 

hours was developed in order to extrapolate the metered data to other seasons. The below formula was 

developed: 

Number of Hours Site Lights On = 1.0787 × Number of Nighttime Hours – 0.7077 

Figure 7 

Regression of Site Lighting Hours to Nighttime Hours 

 

Annual sunrise and sunset times were downloaded from NOAA for 2015, as TMY3 data for sunrise and 

sunset times is not available. The installed case lighting hours of operation were calculated for each day of 

the year using the above-mentioned formula.  

Pre-retrofit Energy Usage and Savings 

Energy savings from this retrofit are attributed to a reduction in the number of hours the site lighting 

fixtures are on each year. The pre-retrofit case assumes that same connected site lighting demand of 
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0.87 kW that was observed in the spot metering. This reflects the fixtures that are actually connected to the 

timer, whereas the tracking analyst assumed that more fixtures would be controlled in their pre- and 

post-retrofit calculations.  

The evaluation attempted to track down information regarding the lighting schedule that was in use prior to 

the installation of the astronomical timer; however, the site did not have any information. The tracking 

analysis assumption of 12.25 pre-retrofit site lighting hours per day was used in the evaluation. The below 

chart show a comparison of the times the lights are assumed to turn on and off in the both the pre-retrofit 

and installed cases. The pre-retrofit site lighting hours are assumed to be from 6:00 PM to 6:15 AM, daily.  

Figure 8 

Site Lighting – Comparison of Pre-Retrofit and Installed Case Operating Hours 

 

Energy saving result from a reduction in operating hours with the astronomical timer. The tracking analysis 

assumption, which is used in the evaluation, implies that, prior to the retrofit, the site lighting fixtures were 

on 4,471.25 hours per year. The site was not able to provide any details on the pre-retrofit lighting control; 

therefore the tracking study pre-retrofit operating hours are used in the evaluation. With the astronomical 

timer installed, the site lighting fixtures operate 4,382.1 hours per year. With a constant 0.87 kW of site 

lighting demand, the evaluated energy savings are 77.8 kWh per year.  

Peak savings are calculated based on the different time of day that the site lighting fixtures turn on and off 

between the pre-retrofit and installed cases. In the pre-retrofit case, the site lighting fixtures have constant 
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on/off times (assumed to be 6PM-6:15AM). However, with the astronomical timer installed, the site lighting 

fixtures have longer winter run hours due to shorter days, and shorter summer run hours due to longer 

days. Given the shift of lighting “on” hours from the summer time to the winter time, the net on-peak 

savings are -118%. This value is negative as there in an increase in the wintertime on-peak hours when the 

lighting fixtures are on; this increase is greater than the summertime decrease in on-peak hours when the 

site lighting fixtures are on. In the installed case, site lighting fixtures are on for 197 more on-peak winter 

hours, and 91 fewer on-peak summer hours. The site lighting fixtures are on for 195 fewer off-peak hours.  

Furthermore, there are no summer peak demand savings as lighting fixtures are off during the 1PM-5PM 

time period in both the pre-retrofit and installed cases. However, there is an increased winter peak demand 

as the pre-retrofit case assumes lights to turn on at 6PM, year round, whereas the installed case found 

lights to turn on between 4PM and 5PM in December and January. As the winter peak demand hours are 

from 5PM-7PM on non-holiday weekdays in December and January, there is an increased average demand 

with the installed lighting controller. There is a winter peak demand penalty of 0.44 kW.  

 

Heat Pumps 

Installed Case Energy Usage 

The evaluator installed amperage loggers on 5 heat pumps located throughout the facility (one in the 

basement, two on the first floor, and two on the second floor), and also installed temperature loggers on the 

heat pump discharge grilles for a sample of 10 heat pumps throughout the facility. Meters were left in place 

for a 7 week period from 11/19/15 to 1/7/16. All data collected was for the heating season; no data was 

obtained for the cooling season.  

Three different model number heat pumps were observed in the evaluation scope. A summary of the unit 

nameplate data is provided in the table below.  

Chart 7 

Overview of Installed Heat Pumps 

 

The evaluation considered each size heat pump individually, and collected metered data for all size units, as 

shown in the above chart. The evaluation found all 1-ton heat pump units (PTH123) to be located in 

common areas (common living rooms and dining areas) and all smaller heat pumps to be located in the 

resident apartments. As the heating load profile of the common areas varies from the heating load profile of 

the resident apartments, the evaluation determined it to be appropriate to consider the different size heat 

pump models separately.  Coincident weather data was downloaded from NOAA and compared to metering 

data to determine the impact of ambient temperatures on heating loads. Based on the amperage data and 

the discharge air temperature data, average heating profiles were developed for each unit size. Discharge 

air temperature readings greater than 80°F were assumed to indicate that the unit was in heating.   

Model PTH123E35AXXXAC PTH093E35AXXXAC PTH073E35AXXXAC

BTU/hr Watts Amps BTU/hr Watts Amps BTU/hr Watts Amps

Cooling 11,500 1,125 5.6 9,000 810 4.1 7,600 675 3.5

Rev. Cyc. Heat 10,900 1,030 5.6 8,300 735 4.1 6,800 605 3.5

Resistance Heat 12,000 3,550 15.4 12,000 3,550 15.4 12,000 3,550 15.4

Qty Heat Pump 10 18 36

Qty Metered (Amps) 1 2 2

Qty Metered (DAT) 1 4 5
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Figure 9 

Heat Pump – Percent Heating at Varying Ambient Temperatures 

 

The difference between heat pump heating and supplemental electric resistance heating is apparent in the 

amperage meter data due to the large difference in the rated amperage values (electric resistance heating 

amperage draw is 3 to 4 times greater). The below chart shows the amount of time, when in heating, that 

the units were in electric heating mode, based on ambient temperature. Below 25°F, all heating was 

observed to be electric resistance.  

Figure 10 

Heat Pump – Percent Electric Heat at Varying Ambient Temperatures 

 

The evaluation developed regressions for each heat pump model number to determine the heating load and 

electric heating runtime based on ambient temperature. The meter data indicated a fairly constant 

amperage draw when a unit operated in electric resistance heating mode; however, amperage values did 

vary with temperature when in heat pump heating. The below chart shows the raw amperage data for the 

metered heat pump. 
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Figure 11 

Heat Pump – Metered Amperage Data 

 

Based on nameplate observations, the rated performance of the installed heat pumps is between 3.1 and 

3.3 COP, depending on unit size. This is similar to the tracking analysis assumption of 3.3 COP. Based on 

the metered data, the units operate with performances ranging from ~3.0 to 4.6 COP, depending on unit 

size, heat pump load, and ambient temperature. Another set of regressions was developed to determine 

heat pump amperage during reverse cycle heating mode. The regression coefficients and R-squared values 

are provided in the below chart.  

Chart 8 

Overview of Heat Pump Regression Coefficients 

 

Regression Variable PTH123 PTH093 PTH073

Intercept a 1.156 0.880 0.753

OAT b -0.010 -0.012 0.001

OAT̂ 2 c 0.000 0.000 0.000

R-squared 0.933 0.874 0.868

Intercept d 1.629 1.472 1.166

OAT e -0.023 -0.026 -0.017

R-squared 0.943 0.845 0.798

Intercept f -0.282 1.979 2.034

OAT g 0.203 0.035 0.013

OAT̂ 2 h -0.002 0.000 0.000

R-squared 0.956 0.972 0.764

Electric Heat kW 3.31 3.37 3.39

Heating % 

Load

% Electric 

Heating 

(>25°F)

Heat Pump 

Amps (>25°F)
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The installed case energy usage is calculated using an 8,760 model with TMY3 weather data for Boston, MA. 

The percent heating load is calculated for each hour of the year for each of the three different heat pump 

models using the above regression coefficients and the below formula.  

Percent Heating (%) = a + b × OAT + c ×OAT2 

It is assumed that there is no heating when ambient temperatures are greater than 70°F. It is further 

assumed that, below 25°F, all heating is electric resistance. For all temperatures greater than 25°F, it is 

assumed that some portion of the heating is electric, and some portion is reverse cycle. The percent of 

heating that is electric resistance is calculated using the coefficients in Chart 6 and the below formula: 

Percent Electric Heating (%) = d + e × OAT  

The electric heating demand (kW) is calculated based upon the metered amperage data and is constant 

regardless of the ambient temperature. The electric heating demand used in the evaluation is provided in 

Chart 6 above. The heat pump heating amperage varies with ambient temperature and is calculated using 

the coefficients in Chart 6 and the below formula.  

Heat Pump Amperage = f + g × OAT + h ×OAT2 

Heat Pump Demand (kW) = Amps × 230 Volts × Power Factor ÷ 1,000  

The analysis assumes a power factor of 0.85 for the heat pumps. For each hour in the 8,760 model, the 

heating energy is calculated as: 

Hourly Heating Energy (kWh) = Percent Heating (%) × [(% Electric Heating × Electric Heat kW) +  

(% Heat Pump Heating × Heat Pump kW)] × 1 hour 

Total annual heating energy per heat pump is calculated for each of the three model units included in the 

facility. The annual heating energy per unit is multiplied by the total quantity of each model heat pump to 

estimate annual heating energy usage for the building.  

Chart 9 

Overview of Installed Heating Energy Usage, Broken Up by Model Number 

 

The evaluation did not consider any savings from improved cooling performance, and the performance of the 

pre-retrofit units could not be verified. However, the evaluation did estimate the installed case cooling 

energy usage based on heat pump capacity, performance data pulled from nameplates, and assumptions on 

cooling loads. The analysis assumes no cooling load at 70°F ambient temperature and 100% cooling load at 

95°F ambient temperature. Chart 7 below shows the capacity and performance for each model heat pump.  

PTH123 PTH093 PTH073 Total

Heating EFLH 3,403 2,477 3,132 -

Average Heat kW 2.68 1.96 1.99 -

Heat kWh/unit 9,113 4,846 6,239 -

Unit Qty 10 18 36 64

Total kWh/year 91,129 87,221 224,595 402,945
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Chart 10 

Heat Pump Cooling Capacity and Performance 

 

The installed case total heating and cooling energy usage is 422,729 kWh per year. Based on 2014 bill data 

(installed case time period), the heat pump heating and cooling comprises ~43% of the annual energy 

usage. The heating energy usage varies from ~2% of the monthly energy usage in July 2014 up to ~77% of 

the monthly energy usage in January 2014. This confirms that the calculated heating load is reasonable.  

Pre-Retrofit Energy Usage and Savings 

The pre-retrofit units consisted of packaged terminal air conditioners with electric resistance heat. The 

pre-retrofit heating energy usage is calculated using the same 8,760 model as the installed case. As the 

capacities of the installed heat pump heating coils and electric resistance heat coils are different for all 

model numbers (see Chart 6 above), the pre-retrofit percent heating load profiles are calculated based on 

the installed case heating loads, using the below formula: 

 Percent Heating (%) = (Installed Case % Electric Heat Load × Electric Resistance Heat Capacity  

+ Installed Case % Heat Pump Load × Reverse Cycle Heat Capacity)  

× Installed Case % Heating Load ÷ Electric Resistance Heat Capacity 

This adjusted load profile accounts for the fact that the pre-retrofit units operate with 100% electric 

resistance heating. While the installed units have both electric resistance coils and heat pump coils, the 

electric resistance coil capacity is larger. The pre-retrofit units are assumed to have the same capacity 

electric resistance coils as the installed units. For ambient temperatures greater than 25°F (when the 

installed units operate with some portion electric resistance and some portion heat pump heating), the pre-

retrofit units run for a shorter period of time to meet the same load, as 100% electric heating has a higher 

capacity than a mixed electric resistance and heat pump heating element (heat pump must run longer than 

the electric resistance coil to handle the same load). The electric heating demand (kW) is assumed to be 

identical in the pre-retrofit and installed cases, and is provided in Chart 7 above. 

Cooling energy usage is modelled identically in the pre-retrofit and installed cases.  

The pre-retrofit total heating and cooling energy usage is an estimated 559,201 kWh per year. Based on 

2011 bill data (pre-retrofit time period), the heating and cooling energy comprises ~52% of the annual 

energy usage.  

Energy savings result from the improved heating performance of the installed heat pumps compared to 

100% electric resistance heating elements. This measure saves 136,471 kWh per year. 

Peak savings are calculated using the 8,760 model. Of the total savings, 44.2% occur during on-peak hours. 

The summer demand reduction is 3.360 kW and the winter demand reduction is 16.69 kW. The winter 

demand reduction is significantly higher than the summer demand reduction due to higher heating loads in 

the winter.  

  

PTH123 PTH093 PTH073

EER 10.2 11.1 11.3

kW/ ton 1.2 1.1 1.1

Cap (MBH) 11.5 9 7.6
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EVALUATION RESULTS 

This section will summarize the evaluation results determined in the analysis above. 

Table 11: Project Results – Ozone Laundry 

Savings Quantity Tracking Evaluation Realization 

Electric energy (kWh) 49,207 59,441 120.8% 

% of Energy Savings on Peak 100% 69.6% 69.6% 

Summer On-Peak Demand (kW) 16.90 11.63 68.8% 

Winter On-Peak Demand (kW) 16.90 11.63 68.8% 

 
Table 12: Project Results – Astronomical Timer 

Savings Quantity Tracking Evaluation Realization 

Electric energy (kWh) 1,110 77.8 7.0% 

% of Energy Savings on Peak 0% -118.5% -% 

Summer On-Peak Demand (kW) 0.27 0.0 0% 

Winter On-Peak Demand (kW) 0.27 -0.44 -161.6% 

 
Table 13: Project Results – Heat Pumps 

Savings Quantity Tracking Evaluation Realization 

Electric energy (kWh) 130,393 136,471 104.7% 

% of Energy Savings on Peak 66.7% 44.2% 66.3% 

Summer On-Peak Demand (kW) 22.90 3.36 14.7% 

Winter On-Peak Demand (kW) 22.90 16.69 72.9% 
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Comparison of Assumptions 

The purpose of the below tables is to provide a comparison of the key inputs of the tracking and evaluation 

calculations in order to demonstrate the sources of savings discrepancies. 

Table 14: Comparison of Key Analysis Parameters – Ozone Laundry 

Parameter Tracking* Evaluation Ratio 

Pre-Retrofit Laundry 
Load 

2,640 lbs/week 
7,392 gal HW/week 

152.4 
cycles/week 

N/A – tracking and evaluation load 
metrics are different 

Installed Laundry Load 
2,640 lbs/week 

3,326 gal HW/week 
152.4 

cycles/week 
N/A – tracking and evaluation load 

metrics are different 

Building Water Heater 
Inlet Temp (°F) 

N/A 56°F 
N/A – tracking does not separate 

building and laundry water heaters 

Building Water Heater 
Outlet Temp (°F) 

N/A 100°F 
N/A – tracking does not separate 

building and laundry water heaters 

Laundry Heater - Hot 

Water Inlet Temp (°F) 
65 100 154% 

Laundry Heater -Hot 
Water Outlet Temp 

(°F) 
160 130 81% 

Pre-Retrofit 
kWh/week: Hot Water 

1,721 2,396 139% 

Installed kWh/week: 
Hot Water 

774 1,199 155% 

Pre-Retrofit 
kWh/week: Washers 

- 81 
N/A – tracking does not include 

washers 

Installed kWh/week: 
Washers 

- 73 
N/A – tracking does not include 

washers 

Pre-Retrofit 
kWh/week: Ozone 

Pump 
- 0 

N/A – tracking does not include 
ozone pump 

Installed kWh/week: 
Ozone Pump 

- 65 
N/A – tracking does not include 

ozone pump 

Pre-Retrofit Building + 
Laundry Annual Water 

Heater Energy (kWh) 

89,468 124,939 140% 

Installed Building + 
LaundryAnnual Water 
Heater Energy (kWh) 

40,207 62,513 155% 

*The evaluation used a more detailed vendor M&V analysis for the ozone system to estimate the water 

heater saving attributed to reduced water volumes. The vendor’s M&V analysis does not align with the 
tracking analysis numbers, but includes energy usage for the washers, dryers, and ozone pumps. The 
tracking and evaluation assumptions cannot be compared on a one-to-one basis as the evaluation includes 
energy attributed to the water heaters, washers, dryers, and ozone pump. The tracking analysis looks at 

water heater energy only.  

Table 15: Comparison of Key Analysis Parameters – Astronomical Timer 

Parameter Tracking Evaluation Ratio 

Pre-Retrofit Hours 4,470 4,471.3 100% 

Installed Hours 4,100 4,382.1 107% 

Controlled Power (kW) 3.0 0.87 29% 

Saved kWh 1,100 77.8 7% 
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Table 16: Comparison of Key Analysis Parameters – Heat Pumps 

 Tracking Evaluation Ratio 

Assumption for No 
Heating 

September 2011 as 
“baseline” 

No heating when 
OAT > 70°F 

- 

Electric Heating < 25°F OAT < 25°F OAT - 

Heat Pump COP 3.3 

2.6 to 6.8 

(depending on 
model, OAT, and 

loads) 

79% to 206% 

Electric Resistance COP 1.0 1.0 100% 

Pre-Retrofit Electric 

Heating Energy (kWh) 
278,912 539,416 193% 

Installed Electric 

Heating Energy (kWh) 
125,509 402,945 321% 

 

Discrepancy Analysis 

This section describes the key drivers behind any difference in the tracking and evaluation estimates, annual 

kWh savings, percent on-peak kWh saving, and demand savings. 

Table 17: Discrepancy Summary – Ozone Laundry 

Parameter Discrepancy Impact on Results 

Water Heater 
Energy Usage 

The tracking study pre-retrofit water 
heater energy usage is 1,721 kWh per 
week. The evaluated pre-retrofit water 
heater energy usage of 2,396 kWh per 
week is 139% of the tracking value. 

 
The tracking study installed water heater 

energy usage is 774 kWh per week. The 
evaluated installed water heater energy 
usage of 1,199 kWh per week is 155% of 
the tracking value. The exact source of 
this discrepancy is unclear, but likely due 
to a combination of various load 

assumptions (gallons HW per week, inlet 
HW temperature, and outlet HW 
temperature) that were not directly 
measured in the evaluation.  

The difference in the tracking and 
evaluation pre-retrofit and installed 
weekly water heater energy usage 
increases the total energy savings. 
These factors account for 129% 

(13,219 kWh) of the total increase 
in energy savings.   

Washer Energy 

Usage 

The tracking study does not include 
washer energy usage. The evaluation 

metered washer energy usage and 
assumed a 10% reduction in cycle time 

with the ozone laundry system, per 
information provided in the vendor’s M&V 
report and observed cycle time data. 

The evaluation factored in saving 
for the two washing machines. This 

factor accounts for 4% (420 kWh) 
of the total increase in energy 

savings.  

Ozone Pump 
Energy Usage 

The tracking study does not account for 
any penalties associated with the 1/3-hp 
ozone pump that operates when the ozone 
laundry system is in use. The evaluation 
found the ozone pump to use 0.43 kWh 
per cycle.  

The ozone pump penalty leads to a 
decrease in the total energy 
savings. This factor accounts for -
33% (3,405 kWh) of the total 
increase in energy savings (i.e. it 
decreases energy savings). 
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Table 18: Discrepancy Summary – Astronomical Timer 

Parameter Discrepancy Impact on Results 

Pre-Retrofit and 
Installed Demand 

The tracking study listed the installed 
demand on the site lighting circuit to be 
3.0 kW. The evaluation spot metered the 
circuit and found only 0.87 kW of site 
lighting power to be controlled by the 

astronomical timer.  

The difference between the 
tracking and evaluation connected 
demand decreases energy savings. 
This factor accounts for an 
estimated 45% (467 kWh) of the 

total decrease in energy savings. 
There is some interactivity with the 
lighting hours provided below.  

Installed Case 
Annual Lighting 

Hours 

The tracking study assumed the site 
lighting fixtures would be on ~4,100 hours 
per year. The evaluation estimated the 

site lighting fixtures to be on ~4,382 
hours per year (107% of the tracking 

estimate) 

The increase in the installed 
operating hours found by the 
evaluation decreases energy 

savings. This factor is interactive 
with the reduced connected 

demand (above) and is estimated 
to account for 55% (565 kWh) of 
the total decrease in energy 
savings.  

 

Table 19: Discrepancy Summary – Heat Pumps 

Parameter Discrepancy Impact on Results 

Annual Electric 
Heating Loads 

The tracking study based heating loads 
upon 2011 utility data, and assumed 
September 2011 to be a baseline month 
(i.e. no heating). The tracking study 
further assumed the heating season to run 

from October to June, and for installed 
case electric heating to occur only when 

ambient temperatures were less than 25°F 
(heat pump handles 100% of heating load 
above 25°F).  
 
The evaluation based heating loads upon 

metered data that correlated heat pump 
runtime with ambient conditions; it 
assumes no heating when ambient 
temperatures are greater than 70°F. 
Furthermore, the evaluation assumes 
100% electric heating at ambient 

temperatures below 25°F and tapered 
usage of electric resistance heating 
between 25°F and 70°F (per metering 
results). 

The evaluation heating load is 
significantly higher than the 
tracking analysis heating load, 
based on metered data correlated 
to ambient temperatures. 

Additionally, the evaluation found 
that some portion of the heating 

load at ambient temperatures 
between 25°F and 70°F to be 
handled by electric resistance heat. 
This use of additional electric heat 
at warmer temperatures decreases 

the total energy savings for this 
measure. This factor accounts for 
an estimated -279% (16,932 kWh) 
of the energy discrepancy (i.e. it 
decreases energy savings). 

Safety Margin 

The tracking study assumed a safety 
margin of 15% on the predicted savings. 

No safety margin was assumed in the 
evaluation.  

The incorporation of a safety factor 
in the tracking analysis increases 

the total energy savings for this 
measure. This factor accounts for 
379% (23,010 kWh) of the total 
increase in energy savings 
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PROJECT DESCRIPTION 

This 12 year old, 21,140 square foot Wastewater Treatment Plant (WWTP) facility houses wastewater 

treatment cells, a blower room, operations gallery, mechanical/utility spaces and some office space. The 

facility has a 24/7 electrical load due to the operation of the wastewater treatment cells.  Personnel 

occupancy levels are very low.  The facility’s base load consists of blowers and pumps serving the 

wastewater treatment processes, HVAC support equipment, and lighting.  The object of this evaluation is the 

performance of the blowers that serve to aerate the wastewater equalization basin.  

Prior to the project, the two baseline blowers operated in a lead/standby configuration, each designed to 

deliver 910 SCFM at 9.5 psig. The standby blower only operated when the lead blower failed or was shut 

down for maintenance. Standard practice typically requires between 125 to 220 SCFM for this process.  By 

throttling the inlet and discharge valves, facility operators were able to reduce the airflow to 500 SCFM, still 

more than two times the typical required flow, at the minimum operating pressure of 9.2 psig and an 

electrical demand of 35 kW.  Simply installing a VFD drive in order to lower the flow further was not an 

option since it would not have delivered adequate pressure.  In order to satisfy both the desire to reduce 

flow and the need to maintain minimum pressure, a single 40 HP VFD-driven positive displacement (PD) 

blower was installed. This proposed case blower delivers 200 SCFM at the desired pressure but at an 

electrical demand of only 10.3 kW.  The original two blowers remain in place for standby purposes. 

Table 1 shows the tracking estimate of savings and the results of this impact evaluation.  The tracking 

energy savings equals 3.6% of the facility’s total annual energy consumption in 2011.   

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 90,155 74,973 83% 

% of Energy Savings on Peak 49% 27% 55% 

Summer On-Peak Demand (kW) 24.7 29.2 118% 

Winter On-Peak Demand (kW) 24.7 -5.8 -24% 

 

  



 

Page 2 of 10 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 
 

 

TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project. 

Baseline 

One 75 HP constant speed multi-stage centrifugal blower delivered 500 SCFM at an operating pressure of 

9.2 psig and an electrical demand of 35 kW.  It operated under these conditions 10 hrs/day, 365 days/year. 

The other blower served only in a standby capacity. Table 2 shows the key baseline parameter assumptions 

utilized in the tracking analysis. 

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Airflow (SCFM) 500 on-site testing  

Pressure (psig) 9.2 on-site testing  

Centrifugal Blower Demand (kW) 35 on-site testing  

Operating hours per day 10 Interview  

Operating days per year 365 Interview  

Proposed Condition 

One 40 HP VFD-driven PD blower delivered 200 SCFM at an operating pressure of 9.2 psig and an electrical 

demand of 10.3 kW. Its operating schedule was assumed unchanged from the baseline. The two baseline 

blowers remained in place and served only as standby. Table 3 shows the key proposed case parameter 

assumptions utilized in the tracking analysis. 

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) Source of Parameter Value Note 

Airflow (SCFM) 200 Nominal based on requirements 

 

 

Pressure (psig) 9.2 Interview minimum 

PD Blower Demand (kW) 10.3 Calculated  

Operating hours per day 10 Interview  

Operating days per year 365 Interview  

Tracking Calculation Methodology 

Demand savings (kW) was calculated by subtracting the assumed proposed case demand by the measured 

baseline demand (i.e., demand savings = 35 kW – 10.3 kW = 24.7 kW). The TA analysis assumed that the 

proposed blower would operate the same hours as the baseline case. The annual energy savings (kWh) was 

calculated by multiplying the demand savings by the operating hrs/year, where the operating hours per year 

was calculated by multiplying 10 hrs/day by 365 days/year (i.e., energy savings = 24.7 kW x 3,650 hours = 

91,155 kWh).  

http://www.dnvgl.com/
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MALCIEC guidelines (Table 4) were considered in the determination of Summer and Winter On-Peak kW 

savings, and percent of Savings On-Peak.  The demand savings was assumed constant for all hours of 

operation. Specific operating hours were not defined in the project documentation, but it appears that all on-

peak hours were included in the assumed operating hours.  Percent on-peak savings was calculated as 49%.  

Table 4: MALCIEC Demand Savings Definitions 

Savings Quantity Savings Definition 

% of Energy Savings on Peak All Months:  6am-10pm M-F excluding nine holidays 

Summer On-Peak Demand (kW) June, July, August: 1pm-5pm  M-F excluding holidays 

Winter On-Peak Demand (kW) December, January: 5pm-7pm  M-F excluding holidays 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the Evaluated savings for the 

project. Evaluators received permission to proceed with the project during a phone conversation with the 

site contact on September 14, 2015. During this phone discussion the site contact revealed that the new PD 

blower serves as the lead blower and operates 20 minutes per hour every hour of the year. This amounts to 

eight hours per day, not ten hours per day, as had been proposed. The site contact indicated that this 

intermittent operation provides the aeration requirements for this tank. The site contact also confirmed that 

one of the original centrifugal blowers is maintained in standby mode, but he has not known it to ever 

operate. The site visit took place on October 13, 2015.  

Measure Verification 
The project measure was verified to document installation and operation. Table 5 shows how the measure 

was verified to be installed and operating.  

Table 5: Measure Verification 

Measure Name Verification Method Verification Result 

Replacement of 75-hp blowers with 

a 40-hp blower served by a VFD 

Observation during site visit and short-

term metering 

Gardner-Denver PD blower model 

BPB99A is installed and operating 

Data Collection 

During the site visit evaluators deployed one logger on the new PD blower, as shown in Table 6, and 

obtained coincident spot measurements, as shown in Table 7.  The site contact reiterated that the new PD 

blower serves as the lead blower and operates 20 minutes per hour every hour of the year, and that the 

original centrifugal blowers are maintained in standby but to his knowledge they have not run since the new 

blower was commissioned. Due to this latter circumstance, evaluators decided during the site visit not to 

deploy loggers on any of the old centrifugal blowers. It was later confirmed with the site contact that the old 

centrifugal blowers did not operate during the metering period when the new blower was off.  

Table 6: Evaluation Data Collection – Installed Equipment 

Parameter M&V Equipment Brand and Model Metering Start/Stop Dates 
Metering 

Interval 

PD Blower kW Dent Elite Pro SP October 13 through November 2, 2015 30 seconds 

Table 7: Evaluation Spot Measurements 

Gardner Denver 

BPB99A 

M&V Equipment 

Brand and Model 
% Speed Hz PSI 

Volts 

(L-N) 
Amps kW kVA 

Operating Conditions 
On-Board User 

Interface 
60% 42.2 9.1     

Phase 1 Elite Pro SP    276.2 23.0 5.64 6.35 

Phase 2 Elite Pro SP    276.2 23.7 5.82 6.55 

Phase 2 Elite Pro SP    274.0 24.7 5.98 6.77 

Total       17.44  

Average of metered trend data      17.51  

http://www.dnvgl.com/
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During the site visit the new PD blower unit was observed to be operating at a manually-adjusted speed of 

60%. The site contact indicated that this blower speed provides the necessary aeration and does not require 

speed adjustment. As can be seen in Table 7 the average of the metered trend data during blower operation 

is very close to the spot measurement value. Figure 1 shows the kW metered data across the metering 

period, which shows a six day period of an unscheduled shutdown. Further investigation with site staff 

revealed two circumstances when the new blower unexpectedly shuts down. The first circumstance occurs 

when site level power quality drops due to utility power brown-outs. The second circumstance occurs when 

the utility calls for demand reduction by having the entire plant operate on backup generator power for 

periods up to an hour.  The switchover to generator power triggers a blower shutdown.  Site staff indicated 

that the blower shut down during the metering period was due to a power brown out, and that it was very 

unusual that they didn’t discover it for six days.  The staff stated that when a shutdown occurs, the blower is 

usually off for only one or two days, and that typically the blower will only be off about 8 random days 

during the year due to grid power disruptions.  Figure 2 shows the metering data for a single day which 

illustrates blower operation for 20 minutes each hour.  

Evaluators also confirmed that the old blowers were multi-stage centrifugal units and that the butterfly 

valves on either side of them remain throttled as described by the TA.  The interactive effect that this 

retrofit has on other equipment at the facility was confirmed to be negligible. 

 Figure 1: Metered kW Data 
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Figure 2: Daily Blower kW Profile 

 

Evaluation Savings Analysis 

Evaluators reviewed the trend data, spot measurements, and equipment specifications to corroborate and 

update the key parameters outlined in Table 2 and Table 3 above.  

Installed Operating Profile 

The 8,760 hour annual demand profile for the installed case was developed based on the evaluation metered 

data of the PD blower kW and interview with the site contact. Since the blower only operates 20 minutes of 

every hour, the average hourly demand was calculated as the average demand across all 60 minutes of the 

hour. This resulted in an average hourly demand of 5.84 kW, or one-third of the 17.51 kW demand when 

the blower is in operation. 

Baseline Operating Profile 

Evaluation agrees with the project’s classification as a retrofit. The facility could have continued to operate 

using the pre-retrofit equipment. The customer was able to install a single new unit because the old unit was 

retained as a backup unit and still fully functional and capable of serving the load.  

The 8,760 hour demand profile for the evaluation baseline was assumed to be the same kW and number of 

operating hours per day that the TA used. The site contact interview confirmed baseline operating hours of 

10 hours per day. There was no information in the TA documentation that indicated the baseline blower 

operating profile. Further detail was obtained from the site staff about the shape of the baseline load profile.  

According site staff, the aeration blowers were controlled as a part of a wastewater processing program.  

Two batches were processed per day and the aeration blower would typically operate for a five hour period 

starting approximately four hours after average peak flow conditions.  Peak wastewater flow was said to 

mirror peak residential electrical demand. The 2013 residential load profile data from a nearby service area 

was acquired to estimate the baseline blower demand profile shape. This analysis resulted in the baseline 

blower operating 1am to 6am and 1pm to 6pm daily. Figure 3 shows the assumed operating profiles for the 

baseline and installed cases. 
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Figure 3: Assumed Blower Profiles, Baseline & Installed 

 

 

Energy Savings Profile 

The 8,760 hour demand savings profile was the difference between the baseline demand profile and the 

installed case demand profile. This resulted in negative savings (increased demand) for the hours in the 

baseline profile that the blower was off. Annual energy savings (kWh) was found by summing the demand 

savings over the year. Summer and Winter On-Peak Demand savings and % of Energy Savings On-Peak 

were calculated from the 8,760 hourly demand savings values using MALCIEC guidelines per Table 4 above. 
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 8 summarizes 

evaluation results by measure and project. The winter on-peak demand is negative (increased demand) 

because the derived baseline demand profile resulted in the baseline blower not operating during the winter 

on-peak hours.  

Table 8: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Replacement of 75-

hp blowers with a 

40-hp blower served 

by a VFD 

Electric energy (kWh) 90,155 74,973 83% 

% of Energy Savings on Peak 49% 27% 55% 

Summer On-Peak Demand (kW) 24.7 29.2 118% 

Winter On-Peak Demand (kW) 24.7 -5.8 -24% 

Comparison of Assumptions 

The baseline assumptions made in the TA analysis proved to be reasonable.  However, the installed blower 

power demand, the daily operating hours, and the operating days per year were found to be different than 

the TA assumptions of the proposed system. A review of TA documentation provided no clear explanation or 

source for the values used for the proposed blower. The TA documentation did indicate that the proposed 

blower would operate for a fraction of each hour, with no change in total daily operating hours. However, the 

TA savings analysis did not represent the proposed operating schedule as stated.  The TA analysis assumed 

that the proposed blower would be programmed to operate for the same 10 hours per day as the baseline 

blower. The evaluation metering determined that the new blower was programmed to run for 20 minutes 

out of every hour for a total of 8 hours per day.  

Metering data of the installed blower also showed periods of unscheduled shutdown as can be seen in Figure 

1. Further investigation with site staff revealed that the installed blower unexpectedly shuts down due to 

utility power brown-outs or when the entire plant switches over to backup generator power.  Site staff 

indicated that typically the unexpected blower shutdowns result in about 8 days of random blower off time 

per year. The unexpected blower shutdowns occur randomly across the year and for random durations, 

which depends on when the shutdown is discovered. Site staff reported that the baseline blower was 

controlled to automatically restart if an unexpected shut down occurred. The installed blower does not have 

an auto-restart feature, and the backup blower does not automatically start if the new installed blower 

unexpectedly shuts down. Table 9 compares the values of key parameters between the tracking and 

evaluation analyses. 
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Table 9: Comparison of Key Parameters 

  BASELINE PROPOSED / INSTALLED 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 

Tracking 

Value(s) 

Evaluation 

Value(s) 

Airflow (SCFM) 500 500 200 200 

Pressure (psig) 9.2 9.2 9.2 9.1 

PD Blower Demand when 

operating (kW) 
35 35 10.3 17.5 

Operating hours per day 10 10 10 8 

Operating days per year 365 357 365 357 

Discrepancy Analysis 

Discrepancies were identified in four of the main parameters.   

 The site visit found a slight reduction in blower outlet pressure from what was used in the TA analysis. 

However, this has an insignificant effect on savings.  

 When operating, the installed blower demand was found to be significantly greater than what was 

assumed in TA analysis. No documentation was found to identify the source of the proposed blower 

demand.  

 The TA analysis assumed that the proposed blower would operate for the same amount of time, and on 

the same schedule, as the baseline blower each day but this was not the case.  Instead, the installed 

blower operated for 20 minutes of every hour, or 8 hours of total operation per day, 20% less total run 

time than TA assumption. Site operators determined that 20 minutes per hour was adequate to aerate 

the tank.  

 Site metering captured some unplanned outages. Further investigation indicated that these unplanned 

shut downs occur randomly and typically accumulate to about 8 days per year as a result of either utility 

brownouts or system switchover to backup generator power. The backup blower does not operate during 

the unexpected blower down time. The evaluation analysis did not include savings from unplanned 

shutdown of the installed blower since these down times do not represent normal and desired operation. 

Random hours equal to 8 days were distributed across the year and eliminated from the analysis. 

Table 10 summarizes the key drivers of the discrepancies between the tracking and evaluation savings 

estimates.  

Table 10: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Pressure (psig) 
 Slightly lower operating pressure documented 

during site visit. 
Insignificant impact on results. 

Blower Demand (kW) 

 

Installed blower demand when operating was 

much greater than assumed in the TA analysis. 

Reduced energy and demand savings by 

30%. 

Daily Operating Hours 

 

Installed blower operates fewer total hours per 

day, and on a different schedule.  

Increased energy savings by 25% and 

significantly redistributes demand 

savings. 

Annual Operating Days Unplanned downtime of installed blower. Reduces energy savings by about 2%. 
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Improvement Opportunities 

The ex-ante analysis was not consistent with the described proposed operating schedule which stated that 

the proposed blower would operate a portion of every hour of the year. The analysis calculated savings as 

the difference between baseline and proposed blower demand, when operating, times the total operating 

hours of the year. Correct use of hourly baseline and proposed demand profiles would have had a significant 

impact to on-peak savings estimates.  The discrepancies listed above could have also been addressed by 

more rigorous post-installation verification. Ex-ante assumptions in the proposed analysis should be verified 

during the post-installation site visit. It appears that verification of this measure only constituted a check to 

see that the equipment was installed and operating. Without much further effort, operating conditions such 

as operating schedule and a one-time power measurement could have provided information that would 

greatly improve a post inspection savings re-calculation. 
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PROJECT DESCRIPTION 

This prescriptive new construction project replaces an old ice maker serving a hotel restaurant with a new 

Manitowoc Model No. IY-0606A air-cooled ice maker that meets ENERGY STAR® qualifications.  

Annual energy savings was found to be 134 kWh less than expected, resulting in a realization rate of 79%. 

This discrepancy is due to installation of an ice maker with less production capacity than expected, that 

operates at a duty cycle less than expected. These two factors decreased energy savings, which was 

partially offset by the better than expected production efficiency of the install unit and a slightly less efficient 

baseline ice maker.   Table 1 shows the tracking estimate of savings.  The tracking energy savings is 

negligible compared to the facility’s total annual energy consumption.   

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 638 504 79% 

% of Energy Savings on Peak - 46% - 

Summer On-Peak Demand (kW) 0.07 0.11 145% 

Winter On-Peak Demand (kW) 0.07 0.22 302% 

 

TRACKING SAVINGS 

Savings values for this prescriptive measure were taken directly from the “Massachusetts Technical 

Reference Manual for Estimating Savings from Energy Efficiency Measures” (TRM) for program years 2013-

2015. The TRM addresses this measure beginning on page 252 under the section “Food Service – 

Commercial Ice Machine”, specifically where it relates to an “Ice Making Head” (IMH).  The TRM states that 

the prescriptive savings values for this machine are derived from the calculation tool “ENERGY STAR® 

Commercial Kitchen Equipment Savings Calculator: Commercial Ice Machine Calculations” (ES Tool). The 

TRM also states that while these machines are assumed to operate 365 days per year, the duty cycle is 

assumed to be 40% instead of 75%, which is the default value applied by the ES Tool.  The TRM does not 

indicate the nominal size of IMH that delivers the prescribed savings (638 kWh), but through iteration of the 

ES Tool it is found that an IMH with an ice harvest capacity of 638.5 lbs per day (ppd) and operating at 40% 
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duty cycle produces an annual savings of precisely 638 kWh compared to the baseline. For a machine with 

this capacity the ES Tool also defines the ENERGY STAR® IMH efficiency at 5.5 kWh per 100 pounds of ice 

produced (kWh/100lbs), and the respective non-ENERGY STAR® IMH efficiency at 6.2 kWh/100lbs. 

Baseline 

The baseline machine is assumed to be a non-ENERGY STAR® machine operating 365 days per year at a 

duty cycle of 40% with a design ice harvest rate of 638.5 lbs per day (ppd) and an efficiency of 6.2 

kWh/100lbs of ice produced. Table 2 shows the key baseline parameter assumptions utilized in the tracking 

analysis. 

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Design Ice Harvest Rate (ppd) 638.5 TRM and ES Tool  

Operating Days per Year (days) 365 TRM and ES Tool  

Duty Cycle  40% TRM and ES Tool 
 

Machine Efficiency (kWh/100 lbs. ice) 6.2 TRM and ES Tool  

Proposed Condition 

The proposed machine is assumed to be an ENERGY STAR® machine operating under the same conditions 

as the baseline machine but with an efficiency of 5.5 kWh/100lbs. Table 3 shows the key proposed case 

parameter assumptions utilized in the tracking analysis. 

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Design Ice Harvest Rate (ppd) 638.5 TRM and ES Tool same as baseline 

Operating Days per Year (days) 365 TRM and ES Tool same as baseline 

Duty Cycle  40% TRM and ES Tool same as baseline 

Machine Efficiency (kWh/100 lbs. ice) 5.5 TRM and ES Tool  

Tracking Calculation Methodology 

The prescribed annual energy savings of 638 kWh are assumed to have been calculated by the ES Tool using 

the parameters shown in Table 2 and Table 3.  The demand savings of 0.07 kW for summer and winter peak 

periods were calculated by dividing the total annual energy savings by 8,760 hrs.  
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the evaluated savings for the 

project. Evaluators received permission to proceed with the project during a phone conversation with the 

site contact on September 11, 2015.  The site visit took place on October 13, 2015. Evaluators interviewed 

the site contact and determined that the restaurant serves breakfast and dinner every day of the year, and 

is always on-call to provide room service.  Evaluators determine that there is no direct space conditioning in 

the small room where the ice maker is located, but only passive interaction with adjacent spaces through 

open doorways. Therefore no HVAC interaction was calculated.    

Measure Verification 

The project measure was verified as installed and operational, as summarized in Table 4. The customer 

stated that the old ice maker “was on it last leg”, or at end of life and therefore is consistent with a new 

construction type of project. 

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

Replacement of a hotel's ice maker Site observation, equipment data logging 
Replacement unit was found to be 

installed and operating 

Data Collection 

During the site visit the loggers specified in Error! Reference source not found.Table 5 were deployed on 

the ice maker and spot measurements were taken as shown in Table 6. An example day of ten minute kW 

trend data is shown in Figure 1. All the ten minute logged kW data was summarized to produce an average 

hourly demand profile for a typical week, which is shown in Figure 2. The logged condenser inlet air 

temperature data was also summarized to produce average hourly values for a typical week, shown in 

Figure 3. To represent conditions with the compressor running, average inlet air temperature values only 

included temperature data with coincident kW values greater than zero. The logged inlet water temperature 

data is summarized in Figure 4, which shows the average hourly temperature profile for a typical week.  

Table 5: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment 

Brand and Model 
Metering Start/Stop Dates 

Metering 

Interval 

Overall kW Elite Pro SP October 13 through November 17, 2015 10 min average 

Condenser Inlet Air 

Temperature 
Hobo U12-006 October 13 through November 17, 2015 15 min average 

Inlet Water Temperature Hobo U12-006 October 13 through November 17, 2015 15 min average 

Table 6: Evaluation Spot Measurements 

Parameter 
M&V Equipment 

Brand and Model 

Volts 

(L-N) 
Amps kW kVA °F 

Phase 1 Elite Pro SP 123.9 6.20 0.69 0.77  

Phase 2 Elite Pro SP 124.6 6.19 0.63 0.77  

Condenser Inlet Air Hobo U12-006     75.7 

Makeup Water  Hobo U12-006     74.3 
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Figure 1: Sample Day of kW Trend Data 

 

Figure 2: Ice Maker Average Hourly Demand Profile 
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Figure 3: Condenser Inlet Air Temperate Average Hourly Profile 

 

Figure 4: Ice Maker Inlet Water Temperate Average Hourly Profile 

 

Evaluation Savings Analysis 

Evaluators applied the calculation methodology from the ES Tool to derive the annual energy savings for the 

ice maker.  Evaluators used logged data in conjunction with manufacturer’s performance data to establish 

the duty cycle, design ice harvest rate and machine efficiency at actual operating conditions. Site contact 

interview information verified that the unit operates 365 days per year. Baseline machine efficiency was 

calculated by the ES Tool. 
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Installed Operating Profile 

The design ice harvest rate at actual installed conditions (design ppd) was found by using the average 

logged condenser inlet air temperature and supply water temperature to interpolate the design ice harvest 

rate from the manufacturer’s performance tables. The average condenser inlet air temperature was found to 

be 82 °F, based on the data shown in Figure 3, and the average inlet water temperature was found to be 

70 °F, based on the data shown in Figure 4. Using these values with the manufacturer’s performance data 

table for the installed ice maker, the design ice harvest rate was determined to be 555 ppd.  

Using the logged kW data, the duty cycle was calculated as the percent fraction of the average hourly kW 

divided by the full load kW. The average hourly kW was found to be 0.271 kW, based on the data shown in 

Figure 2. The full load kW was found to be 1.20 kW, as the average of the peak kW values from the ten 

minute logged data, and can be observed in Figure 1. This resulted a duty cycle of 22.6%. 

The machine efficiency (kWh/100lbs.) was calculated as the full load demand of 1.20 kW operating 24 hours 

per day divided by the design ice harvest rate of 555 ppd or 5.55 hundred weight pounds per day. This 

resulted in the machine efficiency of 5.18 kWh/100lbs. 

These values of design ice harvest rate, duty cycle and machine efficiency were input to the ES Tool which 

resulted in an annual installed energy use of 2,377 kWh.  

Baseline Operating Profile 

Using the installed duty cycle and ice harvest rate, the calculation tool was used to calculate the baseline 

machine efficiency of 6.28 kWh/100lbs. This produced the resulting annual energy use of 2,881 kWh with an 

average hourly demand of 0.329 kW across all 8,760 hours of the year.   

Energy Savings Profile 

The ES Tool then calculated annual energy savings of 504 kWh with an average hourly energy savings of 

0.058 kW. The evaluation used the installed hourly kW profile for the typical week to generate an hourly 

savings profile for the entire year. The values in the hourly kW profile for the typical week were each divided 

by the average hourly installed value of 0.271 kW to generate percent of average kW values. These percent 

fractions were then multiplied by the average hourly savings of 0.058 to produce an 8,760 hour profile of 

energy savings. 

Summer and Winter On-Peak Demand savings and % of Energy Savings On-Peak were then calculated from 

the 8,760 hourly demand savings values using the MALCIEC definitions shown in Table 7 below.  

Table 7: MALCIEC Demand Savings Definitions 

Savings Quantity Savings Definition 

% of Energy Savings on Peak All Months:  6am-10pm M-F excluding nine holidays 

Summer On-Peak Demand (kW) June, July, August: 1pm-5pm  M-F excluding holidays 

Winter On-Peak Demand (kW) December, January: 5pm-7pm  M-F excluding holidays 

 

 

http://www.dnvgl.com/


 

Page 7 of 8 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 
 

 

EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 8 summarizes 

evaluation results for this single measure project. 

Table 8: Project Results by Measure 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Measure Name 

Electric energy (kWh) 638 504 79% 

% of Energy Savings on Peak - 46% - 

Summer On-Peak Demand (kW) 0.07 0.11 145% 

Winter On-Peak Demand (kW) 0.07 0.22 302% 

Comparison of Assumptions 

The TA used default key parameter values as specified in the TRM for this prescriptive measure. The 

evaluation defined the key parameter values based on logged kW and temperature data in conjunction with 

manufacturer’s performance data for the installed ice maker. The evaluation found the design ice harvest 

rate of the installed ice maker to be 555 ppd compared the ES Tool default capacity of 638.5 ppd. The 

smaller capacity had an impact of reducing energy savings. The 365 operating days per year schedule was 

found to be the same as specified in the TA, however the duty cycle of 22.6% found in the evaluation was 

significantly less than the 40% duty cycle defined in the TA. The reduced duty cycle had an impact of 

reducing energy savings. The machine efficiency of the installed machine at 5.18 kWh/100lbs was more 

efficient compared to 5.5 kWh/100lbs used as the TA proposed value, and the baseline machine efficiency of 

6.28 kWh/100lbs for the evaluation was slightly less efficient than the TA baseline value of 6.20 kWh/100lbs. 

Both these efficiency differences had an impact of increasing energy savings. Table 9 compares the values of 

key parameters between the tracking and evaluation analyses. 

Table 9: Comparison of Key Parameters 

  BASELINE PROPOSED / INSTALLED 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 

Tracking 

Value(s) 

Evaluation 

Value(s) 

Design Ice Harvest Rate (lb/day) 638.5 555 638.5 555 

Machine Efficiency (kWh/100 lb)   6.2 6.28 5.5 5.18 

Operating Days per Year (days) 365 365 365 365 

Duty Cycle (%) 40% 22.6% 40% 22.6% 

Discrepancy Analysis 

Annual energy savings was found to be 134 kWh less than expected, resulting in a realization rate of 79%. 

This discrepancy is due to installation of an ice maker with less production capacity than expected, that 

operates at a duty cycle less than expected. These two factors decreased energy savings, which was 

partially offset by the better than expected machine efficiency of the install unit and a slightly less efficient 

baseline ice maker.   Table 10 summarizes the key drivers of the discrepancies between the tracking and 

evaluation savings estimates.  
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Table 10: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Design Ice 

Harvest Rate 

(lb/day) 

The evaluation found that the installed 

machine had a design ice harvest rate of 

555 ppd instead of the TA expected value 

of 638.5 ppd. 

The impact of this difference by itself 

reduced overall savings by about 13%. 

However, this parameter is highly 

interactive with duty cycle and machine 

efficiency.  

Duty Cycle (%) 

The evaluation found that the duty cycle of 

the installed ice maker was about 23% 

instead of 40% as specified by the TA 

prescriptive analysis. 

The impact of this difference by itself 

reduced overall savings by about 43%. 

However, this parameter is highly 

interactive with ice harvest rate and 

machine efficiency.  

 Machine 

Efficiency 

(kWh/100 lb) 

The evaluation found the installed and 

baseline machine efficiency values to be 

5.18 kWh/100lbs and 6.28 kWh/100lbs, 

respectively. This is in comparison to the 

TA values of 5.5 kWh/100lbs and 6.20 

kWh/100lbs, respectively. 

The impact of these efficiency differences 

by themselves increased overall savings by 

about 73%. However, this parameter is 

highly interactive with ice harvest rate and 

duty cycle. 

 

Improvement Opportunities 

No obvious opportunity for improvement. 

Since this was a prescriptive measure, there was no standard mechanism to change the savings estimate for 

this measure. If the ES Tool had been used to override the prescriptive savings value, and values for design 

ice harvest rate and production efficiency had been input based on specifications of the actual installed ice 

maker, the savings value would have been different, but without also input of an accurate duty cycle, the 

resulting savings would still have been significantly greater than the evaluated savings.  

http://www.dnvgl.com/
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SUMMARY 

An ice rink facility has upgraded its refrigeration system with several energy efficiency measures including a 

high efficiency ice-making system and a high efficiency envelope. The Program Administrator tracked 

savings from eleven unique measures all expected to acquire energy savings through improved system and 

building design. The savings values stated by the initial tracking study were adjusted in two stages before 

the final tracking savings recorded. These adjustments were made by the Program Administrator based on 

past project results. 

Table 1 compares the final tracking estimate of savings and the evaluation estimate of savings. A detailed 

discrepancy analysis cannot be performed for this site because of a lack of clarity in the tracking study 

performance improvement calculations as well as the use of correction factors by the Program Administrator 

to arrive at the claimed savings.  

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate 
Realization 

Rate 

Electric energy (kWh) 328,254 291,233 88.7% 

% of Energy Savings on Peak n/a 46.6% - 

Summer On-Peak Demand (kW) 30 37.3 124.2% 

Winter On-Peak Demand (kW) 40 26.1 65.2% 
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PROJECT DESCRIPTION 

The facility is a sports center that includes two indoor ice hockey rinks. One rink was installed at the time 

the facility was first opened (around 2008) and the new rink was installed in 2013. This evaluation is only 

concerned with the installation of the newer rink referred to by the site as the lower rink. No energy 

efficiency upgrades were made to the older rink (referred to by the site as the upper rink) through this 

project.  

An indirect refrigeration system is used to maintain the ice temperature. The site aims to maintain a fixed 

ice temperature. Glycol is circulated under the ice surface by a either a 30-hp or a 5-hp pump. The glycol is 

cooled by a Trane RTWD200 water-cooled chiller with a 200-ton nominal capacity. The chiller includes two 

circuits each with a rotary screw compressor. R-134A is the primary refrigerant. The chiller modulates to 

maintain a fixed glycol supply temperature set-point of 13.5°F. The refrigerant to glycol approach in the 

evaporator was observed to be 4.5°F; therefore the suction temperature is 9°F. 

Heat rejection is provided by a cooling tower and the tower fan is controlled by a variable frequency drive to 

maintain a supply water (to condenser) temperature of 80°F. Condenser water is circulated between the 

condenser and the tower by a 7.5-hp pump. The observed condenser water to refrigerant approach in the 

condenser is 10°F; therefore the condensing temperature is 90°F. 

A portion of the heat rejection load is used for the snow melting pit and the sub-floor heating system. The 

snow melt pit uses a 3-hp pump to pull water out of the condenser water loop to circulate through a coil in 

the pit. The sub-floor heating system is used to prevent frost accumulation below the ice surface and is 

enabled manually by the site seasonally. The loop is separated from the condenser water by a heat 

exchanger. Glycol is circulated through the heat exchanger and sub-floor heating system by a 3-hp pump. 

The tracking study listed the following energy conservation measures, but details on each measure were not 

provided. Details on the measures have been added by the evaluator based on the initial site visit. The 

tracking study included two separate groups of energy conservation measures: Improved Refrigeration 

System Performance and Load Reduction Building Envelope. The measures are listed in their respective 

group below. 

Improved Refrigeration System Performance Measures: 

1. Increased quantity of compressors 

a. TA Base Case: Chiller with 1 compressor 

b. TA Proposed Case: Chiller with 2 compressors 

 There is a discrepancy between the number of compressors used in the tracking 

study report and the tracking study calculations. The tracking study calculations 

appear to use four Bitzer compressors in the baseline, which is a greater number of 

compressors than the proposed case and is contradictory to the measure description. 

Based on the calculations, the tracking study did not claim any savings associated 

with this measure.  

c. Evaluation Notes: The installed chiller includes two compressors. The metered data shows 

the chiller cycling between one and two compressors. However, the evaluation has 
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determined that the base case is equivalent to the proposed case and therefore, there are no 

savings for this measure. A discussion of the base case is below. 

 For process facilities not explicitly governed by energy code, such as ice rinks, the 

National Grid Baseline document can be used to help discern appropriate baselines 

practices. The National Grid 2012/2013 Baseline document includes a section 

documenting ice rinks. This section does not list a required number of compressors 

for baseline.  

 Through interviews and past analyses the evaluator has performed, general standard 

practice observes more than one compressor for system redundancy. 

 The pre-existing refrigeration system serving the upper ice rink includes two 

compressors, (Mycom reciprocating compressors, model F4WBH.)  

2. High and Low Load Glycol Pumps 

a. TA Base Case: Tracking study report text describes a base case of a 30-hp pump operating 

under all load conditions. There is a discrepancy between the report text and the calculations. 

The savings calculations are based on a 50-hp pump operating during all load conditions. 

The intent of the measure is to install an additional smaller pump to operate during low load 

periods. The measure does not intend to consider savings during peak load conditions, so it 

appears that the 30-hp pump should have been used in the analysis. The base case system 

is considered as a 30-hp pump operating constantly. There is no flow control installed on the 

30-hp pump, so there is no reduction in pumping energy with respect to load. 

b. TA Proposed Case: 30-hp pump for high refrigeration load periods and 10-hp pump for low 

refrigeration load periods. There is no flow control installed on either pump. 

c. Evaluation Notes: The installed refrigeration system includes two glycol circulation pumps; a 

30-hp and a 5-hp pump (instead of the proposed 10-hp pump). The intent of this measure is 

to operate the 30-hp pump on peak load days and the 5-hp pump on all other days. The 

base case is assumed to be installation of only the 30-hp pump, which would operate 

continuously. Evaluation metering found that the 30-hp runs continually in the installed case 

and the 5-hp pump does not operate. Since the 5-hp does not operate, there no savings are 

being achieved by this measure.  

3. Evaporator Design 

a. TA Base Case: DX evaporator and chiller barrel 

b. TA Proposed Case: Flooded chiller with surge drum  

c. Evaluation Notes: The installed case Trane RTWD chiller includes a falling film evaporator. 

The tracking study lists the evaporator selection measure as a flooded evaporator. While the 

installed heat exchanger technology is different than listed in the tracking study, the energy 

savings opportunity is similar. The falling film evaporator is able to provide the glycol supply 

temperature set-point at a higher suction temperature than a base case direction expansion 

(DX) evaporator. Specific selection conditions for the installed and base case evaporators 
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were not provided in the tracking documents. The evaluation has analyzed savings based on 

an estimated increase in suction temperature of 3°F. 

4. Larger Evaporator for Increased Suction Temperatures 

a. TA Base Case: Small evaporator 

b. TA Proposed Case: Larger evaporator to increase suction temperature 

c. Evaluation Notes: The TA firm (and refrigeration contractor) reports that the client was not 

happy with the pre-existing system type, so the vendor proposed a Trane packaged unit. 

Trane offers standard, high and premium efficiency options for the RTWD chiller line. Per 

correspondence with Trane representatives, the only difference between the high and 

premium chillers is the evaporator and condenser number of tubes and tube length. 

However, the standard option is only available for models with a nominal capacity of 140 

tons and below. The least efficient option in the RTWD product line for a 200 ton chiller is 

therefore the ‘high’ efficiency option. Per correspondence with the vendor, it is the 

evaluator’s understanding that the vendor included a larger evaporator as a measure 

because either: a.) the vendor misunderstood that the standard efficiency unit was not 

available at 200 tons, or b.) the vendor intended for the premium efficiency model to be 

installed instead. The installed 200 ton chiller is the ‘high’ efficiency option; therefore it does 

not appear that a lower efficiency option for the chiller is available.  

d. Evaluation Conclusion: While the evaluator is not able to obtain an evaporator selection for 

non-Trane alternative chiller options, the 2012-2013 National Grid baseline document can be 

used to determine the selection parameters for a generic evaporator. The baseline document 

presents a baseline of a 10°F approach. The evaluator observed an evaporator leaving water 

temperature approach to chiller suction temperature of 4.5°F. This is a 5.5°F improvement 

over baseline. After accounting for the suction temperature increase of 3°F associated with 

the flooded chiller design, it is assumed that the remaining 2.5°F improvement in approach 

is due to the increased evaporator size over baseline.  

5. Larger Condenser for Decreased Condensing Temperatures 

a. TA Base Case: Smaller condenser 

b. TA Proposed Case: Larger condenser with decreased condensing temperature 

c. Evaluation Notes: Base case and proposed case condenser sizing was not included in the 

tracking study. The National Grid 2012-2013 baseline document states that baseline 

efficiency and minimum standards and practice should consider a minimum condensing 

temperature of 85°F. The evaluator visited the site and observed the chiller system 

operating with a minimum condensing temperature of 90°F. There are no savings associated 

with this measure over baseline. 

6. Variable speed on Cooling Tower Fans 

a. TA Base Case: Constant speed cooling tower fans 

b. TA Proposed Case: Variable speed cooling tower fans 
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c. Evaluation Notes: The installed 7.5-hp cooling tower fan is controlled by a variable speed 

drive. Variable speed control is considered to be the appropriate baseline based on the 

following reasons: 

 IECC 2009, the energy code at the time of this project, states that “Each fan 

powered by a motor of 7.5 hp (5.6 kW) or larger shall have the capability to operate 

that fan at two-thirds of full speed or less, and shall have controls that automatically 

change the fan speed to control the leaving fluid temperature or condensing 

temperature/pressure of the heat rejection device” Ice-rinks are in cooling 

year-round, where typical buildings regulated by the energy code are in cooling only 

seasonally. The year-round cooling of an ice rink yields a greater benefit for VSD 

cooling tower fan control than typical buildings in code. Using the code requirements 

of buildings with fewer hours of cooling annually as the basis of consideration, VSD 

installation on the 7.5-hp cooling tower fan should be considered standard practice. 

 The 2013 MassSave prescriptive application for new construction Variable Frequency 

Drives does not allow incentives for cooling tower fans greater than or equal to 

7.5 hp. 

7. Snow Melting Pit Coil Heat Recovery 

a. TA Base Case: No snow melting pit heat recovery 

b. TA Proposed Case: Condenser water waste heat re-used for snow melting pit and under floor 

heating system 

c. Evaluation Notes: The installed system includes a heat recovery loop, from the condenser 

water loop, for the snow melting pit. The base case system would not include heat recovery. 

The base case method for melting snow shavings is either dumping the snow outside if it is 

allowed by the city, or, if not, a hot water coil from a natural gas boiler / water heater. Since 

these alternative options only constitute gas savings, and this evaluation only observes 

electric savings, either base case does not affect evaluated savings. Electrical savings result 

from a decreased heat rejection load on the cooling tower. 

8. Under Floor Heating System Heat Recovery 

a. TA Base Case: No under floor heating system heat recovery 

b. TA Proposed Case: 100% of under floor heating system will use heat recovered from the 

compressor system 

c. Evaluation Notes: The installed system includes heat recovery from the condenser water 

loop for the under floor heating system. The evaluator uses National Grid’s 2012-2013 

Baseline document to establish the base case system. The baseline document states that 

“non-electric resistance sub-slab frost control” should be considered baseline, so this 

measure was not included in the evaluation. Per the baseline document, the only acceptable 

baseline system would be a fossil fuel water heater. Since this evaluation is only identifying 

electric savings, the fossil fuel alternative was not pursued. While a fossil fuel water heater 

may be acceptable for the low temperature heat required for under floor heating, the 

evaluator has only seen chiller heat rejection as the source of under floor heating at other 
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ice rinks. The pre-existing ice sheet at this site uses chiller heat rejection for under floor 

heating.  

Load Reduction Building Envelope Measures: 

1. Low Emissivity Ceiling 

a. TA Base Case: Ceiling with emissivity of 0.9 

b. TA Proposed Case: Ceiling with emissivity of 0.04 

c. Evaluation Notes: The evaluator observed that the rink includes a low-e ceiling and the 

evaluator agrees with the tracking study base case. 

2. Increased Rink Floor Insulation 

a. TA Base Case: Under floor insulation of R-value R-10 

b. TA Proposed Case: Under floor insulation of R-value R-20 

c. Evaluation Notes: The rink floor insulation has an effective insulation R-value of R-20. The 

tracking analysis used a baseline R-value of R-10. The evaluation agrees with the tracking 

study that R-10 is standard practice and therefore an appropriate baseline. 

3. Desiccant dehumidifier in lieu of mechanical dehumidifiers 

a. TA Base Case: Mechanical dehumidification system 

b. TA Proposed Case: Desiccant dehumidification system 

c. Evaluation Notes: The installed system is a desiccant dehumidification system. The evaluator 

utilized National Grid’s 2012-2013 Baseline document to establish the base case system. The 

baseline document includes “Dehumidification technology capable of maintaining equivalent 

space dew point to proposed case technology (30°F dew point, -10°F dew point with gas-

fired desiccant system.) A mechanical dehumidification system is not capable of providing 

the same dew point as the installed desiccant system. Per interviews with other ice rink sites 

and past analyses, the evaluator has observed desiccant dehumidification systems as the 

industry accepted standard. Additionally, the pre-existing ice rink at this location uses a 

desiccant dehumidification unit. The evaluation concludes that the appropriate baseline 

system for a new ice rink dehumidification system is a desiccant unit. 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project.  

Baseline Condition 

Savings for this measure are based on both an improved overall performance of the ice-making equipment 

as well as a reduction in load on the rinks due to improved envelope measures. Table 2 shows the key 

parameters for the baseline system. 

Table 2: Base Case Key Parameters 

  Base 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Annual Operating Hours 8,760 Tracking Report 
 

Ice Rink Load 
18 tons (8hrs/day) – Low Load 
26 tons (8hrs/day) – Medium Load 
50 tons (8hrs/day) – High Load 

Tracking Analysis  

Overall Ice-Making System 
Performance  

5.24 kW/ton – Low Load 
2.38 kW/ton – Medium Load 
2.38 kW/ton – High Load 

Tracking Analysis  

Ceiling Emissivity .9 Tracking Report  

Rink Floor Insulation R-value R-10 Tracking Report  

Proposed Condition 

The proposed system involved the usage of high efficiency envelope measures and a new high efficiency ice 

making system. Table 3 lays out the key parameters for the proposed system.  

Table 3: Proposed case Key Parameters 

  Proposed 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Annual Operating Hours 8,760 Tracking Report 
 

Ice Rink Load 
18 tons (8hrs/day) – Low Load 
26 tons (8hrs/day) – Medium Load 
50 tons (8hrs/day) – High Load 

Tracking Analysis  

Overall Ice-Making System 
Performance  

1.65 kW/ton – Low Load 
1.65 kW/ton – Medium Load 
1.65 kW/ton – High Load 

Tracking Analysis  

Ceiling Emissivity .04 Tracking Report  

Rink Floor Insulation R-value R-20 Tracking Report  

Tracking Calculation Methodology 

The tracking study includes a long list of measures that contribute to energy savings at the ice rink. In some 

instances the base and proposed cases are explicitly laid out for the energy conservation measures. In other 

instances, the base and proposed cases are not clearly defined.   

Data Collection 

No metered demand data was gathered for this tracking study. 



Application NC130026          Page 8 

 

 

 

  

Improved Refrigeration System Performance 

Savings calculations are not explicitly broken down for each of the eight performance improvement 

measures in the tracking study (see measure descriptions in the Project Description section). The 

performance values that are used into Equation 1 appear to be incorporating the system performance 

improvement provided by all of these measures collectively.  

Total energy consumption is calculated using the following equation: 

 Eq. 1: energy consumption (kWh) = load (tons) × performance (kW/ton) × operating hours  

The tracking analysis assumes that the ice making system is loaded at either a low (18 tons), medium (26 

tons), or high (50 tons) level over the course of the day. The load is expected to be at each level for eight 

hours a day. The basis for using these load values and daily load distribution times is not clearly stated in 

the tracking analysis. It is important to note that the savings calculations for the load reduction measures 

were calculated separately from the improved refrigeration system performance measures. 

The ice-making system demand is calculated by assuming a performance value for each load level. In the 

base case, the ice-making system is assumed to have a performance of 5.24 kW/ton at low load and 

2.38 kW/ton at medium and high load. This performance value is the sum of system component demand, 

divided by system capacity. The system components in the demand calculation include: compressor, glycol 

pump, condenser pump, and condenser fan. It is unknown where the performance values of the compressor 

is generated from in the tracking study. It is important to note that, while the base case system identified a 

30-hp glycol pump, a 50-hp glycol pump is utilized in this calculation. In the proposed case, for all load 

levels, the proposed system performance was estimated to be 1.65 kW/ton. This performance value is the 

sum of system component demand, divided by system capacity, as discussed above. This calculation 

includes glycol circulation split between 30-hp and 10-hp pump. It is unknown where the performance value 

of the compressor is generated from in the tracking study.  

Table 4 summarizes the system loads and performances for both the base and proposed cases. The TA 

report only includes results, and does not display calculation steps. The evaluator attempted to utilize the 

system performance and run-time to replicate the results of the TA Report on a per-month basis, but 

generated different results. In addition, the TA Report’s monthly savings extrapolated to a year do not 

match the value identified in the report summary. The report summary lists 446,924 kWh in annual savings, 

and following the TA report assumptions yields approximately 570,000 kWh in annual savings.   

Table 4: Refrigeration System Load and Performance 

Load  
Level 

Baseline 
Load 

Base Case 
Performance 

Proposed Case 
Performance 

TA Report Equal 
Load Energy 

Savings (kWh) 

Evaluator Equal 
Load Energy 

Savings (kWh) 

Low 18 tons 5.24 kW/ton 1.65 kW/ton 13,161 16,026 

Medium 26 tons 2.38 kW/ton 1.65 kW/ton 11,217 4,719 

High 50 tons 2.38 kW/ton 1.65 kW/ton 23,253 9,076 

Monthly Energy Savings, kWh 47,631 29,821 

Annual Energy Savings, kWh 571,572 357,847 
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Ice Rink Load Reduction 

The total building load reduction savings were 216,706 kWh. These savings were a combination of the low 

emissivity savings (143,960 kWh), increased rink floor insulation savings (45,606 kWh), and desiccant 

dehumidifier savings (27,140 kWh). The tracking study does not explain how the desiccant dehumidifier 

savings were calculated. 

The low emissivity ceiling savings result from a significant reduction in radiant heat gain. The baseline 

emissivity stated by the tracking analysis is 0.9 while the proposed case is 0.04 

TA estimates base and proposed loads by referencing a chart which identifies radiant load with respect to 

ceiling temperature and ceiling emissivity. The TA assumes an average ceiling temperature of 45°F to 

identify the base case load of 21 tons. The proposed case assumes an average temperature of 55°F (to 

account for the Low-E ceiling material absorbing more heat without radiating it) to identify the proposed 

case load of 8 tons. 

The electricity savings appear to assume 8,760 operation and a 1.65 kW/ton performance (which is 

consistent with the proposed case rink performance). The tracking vendor then assumes a 75% savings 

factor to give a conservative value of the electric savings, although this factor does not appear to be 

incorporated into any written equation in the study. 

Eq. 2: Q = (Base Case Load – Proposed Case Load) × (8,760 hours) × 1.65 kW/ton × 75% 

Improved rink floor insulation savings were calculated using the following equation: 

 Eq. 3: Q = A × (Ts – Ti) × (1/R1 – 1/R2) 

Where 

Q is the heat transfer savings value in BTU/hr. 

R is the insulation R value in [hr×ft2×°F/BTU] (R1 is the base R-value [R-10] and R2 is the proposed 

R-value [R-20]) 

Ts and Ti are the subsoil and ice sheet temperatures, respectively.  

Electricity savings were then calculated assuming 8,760 hour operation and 2.94 kW/ton performance of the 

ice system. It is unknown where this performance value is generated from in the tracking study, considering 

how it is calculated with an inferior performance value than the proposed refrigeration system measures.  

The tracking analysis does not include a section on how the desiccant dehumidifier savings were calculated. 
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Energy Savings 

The final claimed savings for this project were 168,254 kWh for the ice system performance improvement 

part of the project and 160,000 kWh for the load reduction improvements, resulting in 328,254 kWh total 

savings. The final values were calculated using savings adjustment factors made in a past peer review of 

another similar ice rink analysis performed by the tracking vendor. The Program Administrator supported the 

findings of the former peer review and decided to take a similar approach to adjust the savings numbers in 

the current tracking study. Table 5 shows these savings adjustments.   

Table 5: Tracking Study Savings Adjustment 

Savings Quantity 
Original Tracking 

Study 
Savings 

Adjustment 
Adjusted 

Savings Value 

Performance Improvement Savings (kWh) 446,924 37.6% 168,254 

Load Reduction Savings (kWh) 216,706 73.8% 160,000 

Total Savings (kWh) 663,630 n/a 328,254 

 

On-peak savings were not calculated in the tracking study and are not listed on the incentive application for 

this project. 

Summer and winter demand reduction values were listed on the incentive application as 30 kW and 40 kW, 

respectively, however, the tracking study does not indicated demand reduction figures so it is unclear from 

where these values originated. 
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PROJECT EVALUATION 

Several measures analyzed by the tracking study were found either not to be implemented or determined as 

not having a base case. The following table summarizes the evaluator’s review of each of the measures 

analyzed by the tracking study. As described in the Project Description section the evaluation has calculated 

savings for two of refrigeration system improvement measures; flooded chiller and snow melting pit coil 

heat recovery and two of the load reduction measures; low emissivity ceiling and increased rink floor 

insulation.  

Table 6: Measure Verification 

Measure Name Verification Method Verification Result 

Increased Compressor Quantity 
Metering Data and Nameplate 
Model Confirmation 

Base case chiller and installed chiller have same 
number of compressors. 

Variable Flow Glycol System Metering Data 
5-hp pump installed instead of 10-hp pump. 
Metered data indicates that only the 30-hp 
pump runs at full load demand. 

Flooded Chiller Nameplate Observation 
Installed chiller model RTWD includes a falling 
film evaporator 

Larger Evaporator Nameplate Observation Installed chiller model RTWD 

Larger Condenser Nameplate Observation Installed chiller model RTWD 

Variable speed on Cooling Tower 

Fans 
Metering Data 

Tower fan speed modulates to maintain the 

condenser water set-point. 

Snow Melting Pit Coil Heat Recovery Observation Evaluator observed snow melt pit pump 

Under Floor Heating System Heat 

Recovery 
Observation 

Evaluator observed sub slab heat exchanger and 
pump 

Low Emissivity Ceiling Site observation Evaluator observed low-e ceiling 

Increased Rink Floor Insulation Not available 
The evaluation was not able to visually confirm 
the rink floor insulation. 

Desiccant Dehumidifier Observation Evaluator observed desiccant dehumidifier. 

Data Collection 

The evaluator collected historic utility data, site observation data, and metered data to evaluate the realized 

energy savings for the upgraded ice rink.  

The evaluator visited the facility on 10/27/2015 and metered the facility’s refrigeration equipment for 52 

days through 12/18/2015. The site contact confirmed that this period would be indicative of performance 

throughout the entire year. During this metering period, the highest outdoor air dry bulb temperature was 

74°F, and the lowest was 18°F. This range of temperatures constitutes equipment operating conditions for 

approximately 85% of a typical year. Table 7 summarizes the data that has been collected for the evaluation.  
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Table 7: Evaluation Data Collection – Installed Equipment 

Parameter M&V Equipment Brand and Model 
Metering 

Duration 

Metering 

Interval 

Compressor Demand Wattnode Power Meter 4 weeks 15 mins 

Glycol Pumps (30HP and 5HP) 
power demand  

Dent Power Meter  4 weeks 15 mins 

Suction Temperature HOBO Temperature Logger and Thermocouple 4 weeks 15 mins 

Condensing Temperature HOBO Temperature Logger and Thermocouple 4 weeks 15 mins 

Cooling Tower Fan Demand  Wattnode Power Meter 4 weeks 15 mins 

Evaluation Savings Analysis 

The base and installed cases are modeled through an 8,760 hourly analysis, using TMY3 weather data from 

the Hanscom AFB weather station. A summary of the evaluation analysis approach is provided below. 

1. Installed case equipment (compressors and cooling tower fan) demand is calculated for each hour of 

the model using metered data. 

2. Installed case refrigeration loads is calculated using the compressor demand and manufacturer’s 

performance data 

3. Base case refrigeration load is calculated by adjusting the installed case load for the low-emissivity 

ceiling and increased rink floor insulation measures. 

4. Base case cooling tower load is calculated by adjusting the installed case load for the snow melt pit 

heat recovery. 

5. Base case refrigeration equipment demand is calculated with manufacturer’s performance based on 

the base case suction temperature for the evaporator design measure. 

A summary of the base case adjustments for each of the evaluated measures is provided below. 

1. Low-Emissivity Ceiling – The refrigeration loads are lower due to the low-e ceiling. The installed 

low-e ceiling assumed emissivity is 0.04 and the base case (non low-e) assumed emissivity is 0.9. 

2. Increased Rink Floor Insulation – The refrigeration loads are lower due to the increased rink floor 

insulation. The base case insulation is R-20 and the installed case is R-10.  

3. Snow Melt Pit Heat Recovery – The cooling tower heat rejection load is lower due to rejecting some 

of the load into the snow melting pit. 

4. Evaporator Design – Chiller performance is improved due to a higher suction temperature. The base 

case smaller DX evaporator is assumed to have a suction temperature of 3.7°F and the installed 

larger falling film evaporator has a suction temperature of 9.2°F. 

Operating Hours 

The measures that were implemented do not impact operating hours, so the same annual operating hours 

are used in the base and installed cases. The rink is open for business 363 days a year from 6:00am to 

midnight. The only days it is not open during the year are Thanksgiving and Christmas. Although the rink is 



Application NC130026          Page 13 

 

 

 

  

not occupied 24/7/365, the refrigeration equipment is operating continuously in order to maintain the ice 

temperature set-point. 

During the metering period, the compressor was turned off for approximately 15 minutes on 12/15/2015, 

starting at 10:00 AM. It is not clear whether this was for regularly scheduled maintenance or for another 

purpose. Extrapolating this downtime out to a year constitutes no more than 2 hours annually. The 

evaluation chose to not extrapolate the downtime due to its limited impact. The base and installed cases are 

modeled as operating all 8,760 hours annually. 

Occupied hours were identified by reviewing the average hourly compressor demand against time of day. 

Table 8 presents the average hourly compressor demand and temperature over the entire metering period. 

The facility has been identified as ‘occupied mode’ from 2PM to 3AM, which is consistent with a typical ice 

rink. This ‘occupied mode’ does not mean the facility is occupied until 3AM, only that the refrigeration 

system is continuing to serve the load on the rink, e.g. the final rink resurfacing after occupants leave. 

Table 8: Average Hourly Compressor Demand vs Hour of Day 

 

Installed Case Compressor Demand 

The rink loads and associated compressor demand are dependent upon outside air conditions. The 

unoccupied period includes only temperature dependent loads: convection and radiant. During the occupied 

period, there are additional non-temperature dependent loads: skaters and resurfacing. Due to the different 

load components the occupied and unoccupied periods have different relationships with load (or compressor 

demand) and outside air temperature. 

The metered compressor data was utilized to determine a relationship between demand and outside air 

temperature. Coincident weather data from Hanscom AFB data was used to identify the outside air 

temperature of each compressor data point. The compressor power data was split between ‘occupied’ and 

‘unoccupied’ periods, and the average compressor kW and average outside air temperature were calculated 

Hour kW Temp

12:00 AM 87.7 42

1:00 AM 84.8 41

2:00 AM 81.4 40

3:00 AM 76.8 40

4:00 AM 71.3 39

5:00 AM 65.9 39

6:00 AM 61.2 38

7:00 AM 58.9 39

8:00 AM 58.0 41

9:00 AM 57.6 45

10:00 AM 59.9 48

11:00 AM 62.1 50

12:00 PM 65.7 52

1:00 PM 72.7 53

2:00 PM 74.7 53

3:00 PM 75.4 52

4:00 PM 75.0 51

5:00 PM 75.4 48

6:00 PM 76.2 46

7:00 PM 78.3 44

8:00 PM 82.9 43

9:00 PM 87.7 43

10:00 PM 88.8 42

11:00 PM 88.8 41
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for each 5 °F temperature bin from 80°F to 10°F. This data was utilized to generate a linear fit of demand 

with respect to outside air temperature for the occupied and unoccupied periods. The linear fits are 

presented in Table 9 below. 

Table 9: Occupied vs. Unoccupied Compressor Demand 

 

Installed Case Cooling Tower Demand 

A similar approach was used to model the cooling tower fan demand; however outside air wet bulb 

temperature was utilized to generate the demand versus outside air conditions. In addition, the cooling 

tower fan demand is modeled with two different profiles: above and below approximately 50°F. The 

occupied vs. unoccupied cooling tower kW demand linear fits are presented in Table 10 below.  

Table 10: Occupied vs. Unoccupied Cooling Tower kW Demand 

 

It is important to note that the facility’s has two heat recovery opportunities. The condenser water loop 

rejects heat to melt the snow that Zambonis collect in the ice shavings pit and also rejects heat to the slab 
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below the ice rink. The slab below the ice rink is heated to prevent the moisture in the ground below the rink 

from freezing and causing ice heaves. These two heat recovery systems reduce the overall load on the 

cooling tower. The slab heating is evaluated as baseline, and savings are not claimed for this heat recovery 

opportunity. The ice melt pit is discussed in further detail below. 

Installed Refrigeration Loads 

The refrigeration loads for each hour of the analysis is calculated based on the compressor demand from the 

metering data and manufacturer’s performance data. The evaluator utilized the Trane Online Product 

Selection Software (TOPSS) to generate performance data for the RTWD 200 chiller at 80° SCT & 9.2°SST 

(from a 13.5°F Evaporator LWT.) 

The relationship between chiller load and demand as shown in Table 11 is used along with the demand for 

each hour of the analysis to calculate the load. The load varies each month of the year, depending on 

outdoor air conditions and building occupancy. The refrigeration system has a minimum load of 22.3 tons 

(23.8% capacity), a maximum load of 83.2 tons (88.8% capacity), and an average load of 58.1 tons 

(62.0% capacity.) 

Table 11: Installed Chiller Part-Load Performance Profile 

 

Installed Heat Rejection Load 

The installed case heat rejection load for each hour of the analysis is calculated as follows: 

 Heat Rejection Load, TR = Refrigeration Load, TR + Heat of Compression, TR – Heat Reclaim, TR 

  Heat of Compression, TR = Compression kW * 0.284345 TR / kW 

  Heat Reclaim, TR = Lbs. of Ice × Latent Heat of Melting Ice, BTU/lb. ÷ 12,000 BTU / TR 

   Lbs. of Ice: 1,600 lbs. each resurfacing 

   Latent Heat of Melting Ice: 144 BTU/lb. 

Installed Case Pump Demand 

Based on the metered data the 30-hp glycol pump operates constantly throughout the year at 27.9 kW. The 

metered average demand is presented in Table 12 below. 

TRANE RTWD 200 TRANE RTWD 250

9.2°F SST, 80°SCT 6.2°F SST, 80° SCT

Load TR kW %kW

100% 93.7 113.4 100%

90% 84.3 104.0 92%

80% 75.0 95.6 84%

70% 65.6 88.2 78%

60% 56.2 81.6 72%

50% 46.9 54.1 48%

40% 37.5 45.5 40%

30% 28.1 39.2 35%

20% 18.7 35.0 31%
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Table 12: Metered Glycol Pump Power 

 

The proposed case refrigeration system includes two glycol circulation pumps: one 30-hp and one 5-hp. The 

5-hp pump was designed to be used during times of low load. The 5-hp pump did not operate once during 

the entire 52-day metering period. The 30-hp pump was in operation for the entire period at an average 

power of 27.9 kW. There is no flow control installed on the 30-hp pump, so there are no savings associated 

with the 30-hp pump operating below capacity. No savings are being achieved through the installation of the 

5-hp pump.  

Base Case Refrigeration Load 

The base case system does not have a low-emissivity ceiling. The low-e ceiling in the installed case reduces 

the radiative load on the ice rink. 

Radiant load is calculated per the Stefan-Boltzmann equation, modified to suit ice rinks in the ASHRAE 2014 

Refrigeration Handbook as followed: 

QR=Ac × fci × σ {(Tc)4-(Ti)4} ÷ 12,000 BTUh / RT 

Where: 

QR = Radiant heat load, tons 

Ac = Ceiling Area, 21,000 ft2 

σ = Stefan-Boltzmann constant = 0.1712 × 10-8 

Tc = Ceiling Temperature, ° Rankine 

Ti = Ice Temperature, ° Rankine 

fci = gray body factor = {(1 ÷ Fci) + (1 ÷ εc – 1) + (Ac ÷ Ai) × (1 ÷ εi – 1)}-1  

Where: 

Ai = Ice Rink Area, 17,000 ft2 

Fci = angle factor, ceiling to ice interface, 0.5 

εc = ceiling emissivity 

εi = ice emissivity, 0.95 
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The ceiling temperature is calculated by using a regression from the evaluator’s past metering data at 

another ice rink facility. The regression calculates ceiling temperature as a function of outside air dry bulb 

temperature.  

The ice rink temperature is assumed to be a constant 23°F based on discussions with the site. 

The only difference between the base and installed radiant load calculations is the ceiling emissivity input. 

The installed case low-e ceiling emissivity is 0.04. The base case ceiling emissivity is 0.90. This calculation is 

performed for each hour of the 8,760 analysis to account for varying ceiling temperature. This constitutes an 

average hourly load difference of 13.2 tons. 

The installed case system’s rink floor insulation has an increased R-value over an industry-acceptable 

insulation value of R-10. The rink floor insulation creates a thermal barrier between the ice-rink, and the 

subsoil. There is heat gain between the subsoil and the ice slab because the subsoil is maintained at ~45°F 

in order to prevent frost heaves. Glycol piping is run in the subsoil to maintain the temperature above 

freezing. The increased R-value of the installed case system reduces the heat gain from the subsoil. 

The difference in load between the two systems is calculated as followed: 

Load Reduction, Tons = Ai × (Ts – Ti) × (1/RB – 1/RI) ÷ 12,000 BTUh / RT 

Where:  

Ts = Subsoil Temperature, 45°F 

RB = Base Case Insulation R-Value, 10 

RI = Installed Case Insulation R-Value, 20 

The difference in radiant load and subsoil load is added to the calculated installed case load to determine 

base case load.  

Base Case Chiller Demand 

If the base case system were to utilize the same RTWD 200 chiller as the installed case system, the chiller 

load would be over 100% capacity for a significant number of hours annually due to the reduction in load 

associated with the low-e ceiling and ice slab insulation. A larger chiller is required for the base case system 

of the evaluation analysis. The evaluator has generated base case chiller system performance through 

TOPSS. 

In addition, the base chiller includes a smaller, DX evaporator. The smaller DX evaporator is modeled with a 

SST that is 5.5°F lower than the installed case flooded evaporator. The base case chiller performance is 

included in Table 13 below. 
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Table 13: Base Case Chiller Part-Load Performance Profile 

 

By using an RTWD 250 chiller for the base case of the analysis, the chiller load is still over capacity for 131 

hours of the year. The RTWD 250 is the largest RTWD chiller available in TOPSS. The hours over capacity 

are modeled as fully loaded in the analysis. 

The base case system demand is calculated similarly to the installed case system load. The relationship 

between compressor load and demand shown in Table 13 are used to determine the base compressor 

demand for each hour of the analysis. 

Base Case Cooling Tower Load 

The compressor heat is added to the base load to calculate the amount of heat to be rejected by the base 

cooling tower. The base cooling tower fan is assumed to have the same kW/ton performance as the 

proposed case system while rejecting a larger load. 

  

TRANE RTWD 250

3.7°F SST, 80° SCT

Load TR kW %kW

100% 95.3 133.7 100%

90% 85.8 123.4 92%

80% 76.1 114.2 85%

70% 66.6 106.4 80%

60% 57.1 99.1 74%

50% 47.6 64.6 48%

40% 38.1 54.6 41%

30% 28.5 47.4 35%

20% 19.0 42.6 32%
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Summary 

The overall base and installed system energy consumption is displayed in Table 14 below. 

Table 14: Base & Installed System Performance 

System 

Component 

Base Case Performance Installed Case Performance Savings 

kWh Ton-hours kW/ton kWh 
Ton-

hours 
kW/ton 

kWh 

Compressor 974,425 637,994 1.53 687,104 508,419 1.35 287,320 

Cooling Tower 
Fan 

12,486 915,055 0.01 8,573 648,796 0.01 
3,913 

Total 986,910 - - 695,678 - - 291,233 

Table 15: On Peak Savings 

Period Summer, kWh Winter, kWh % On Peak 

On-Peak 48,280 87,397 46.6% 

Off-Peak 54,874 100,682 Total Savings, kWh 

   291,233 

Table 16: Demand Reduction 

 Summer Winter 

Demand Reduction, kW 37.3 26.1 

The savings associated with each incremental measure are presented on the next page. 
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Table 17: Increase Subfloor Insulation R-Value Savings 

System 
Component 

Base Case Performance 
Increased Subfloor Insulation 

R-Value 
Savings 

kWh 
Ton-
hours 

kW/ton kWh 
Ton-
hours 

kW/ton 
kWh 

Compressor 974,425 637,994 1.53 960,669 624,343 1.54 13,968 

Cooling Tower Fan 12,486 915,055 0.01 12,274 897,493 0.01 212 

Total 986,910 - - 972,942 - - 13,968 

Table 18: Low-E Ceiling Savings 

System 

Component 

Base Case Performance Low-E Ceiling Savings 

kWh 
Ton-
hours 

kW/ton kWh 
Ton-
hours 

kW/ton 
kWh 

Compressor 960,669 624,343 1.54 815,333 508,419 1.60 145,336 

Cooling Tower Fan 12,274 897,493 0.01 9,980 740,245 0.01 2,294 

Total 972,942 - - 825,312 - - 147,630 

Table 19: Snow Melt Pit Heat Reclaim 

System 
Component 

Base Case Performance Snow Melt Pit Heat Reclaim Savings 

kWh 
Ton-
hours 

kW/ton kWh 
Ton-
hours 

kW/ton 
kWh 

Compressor 815,333 508,419 1.60 815,333 508,419 1.60 0 

Cooling Tower Fan 9,980 740,245 0.01 9,080 685,256 0.01 900 

Total 825,312 - - 824,412 - - 900 

Table 20: Larger, Falling Film Evaporator Savings 

System 
Component 

Base Case Performance Larger, Falling Film Evaporator Savings 

kWh 
Ton-
hours 

kW/ton kWh 
Ton-
hours 

kW/ton kWh 

Compressor 815,333 508,419 1.60 687,104 508,419 1.35 128,228 

Cooling Tower Fan 9,080 685,256 0.01 8,573 648,796 0.01 506 

Total 824,412 - - 695,678   128,735 
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EVALUATION RESULTS 

The energy savings showed an overall realization ratio of 88.7% while the summer and winter demand peak 

realization ratios were 124.2% and 65.2% respectively. The tracking analysis did not show an estimate of 

the energy savings occurring during peak hours. The evaluation analysis identified the savings as 46.6% 

on-peak.  

Comparison of Assumptions 

The table below compares the key parameters used in the tracking analysis with those used in the 

evaluation analysis. The purpose of this table is to show how different values changed. The tracking values 

and adjusted savings value are taken from Table 5. The Performance Improvement Savings are identified in 

the Evaluation analysis as savings associated with the larger falling film evaporator. The Load Reduction 

Savings are identified as savings associated with the low-e ceiling and increased R-value of subfloor 

insulation. 

Table 21: Comparison of Key Parameters 

Parameter 
Tracking 

Value(s) 

Adjusted 
Savings 
Value(s) 

Evaluation 

Value(s) 

Eval. ÷ 

Adjust. 

Load Reduction Savings (kWh) 216,706 160,000 162,498 101.6% 

Performance Improvement Savings (kWh) 446,924 168,254 128,735 76.5% 

Summer On-Peak Demand (kW) 30 - 37.3 124.2% 

Winter On-Peak Demand (kW) 40 - 26.1 65.2% 

% of Energy Savings on Peak - - 46.6% - 

Total Savings (kWh) 663,630 328,254 291,233 88.7% 

 

The PA chose to scale the tracking study savings to temper the tracking vendor’s savings calculation. The 

adjusted savings were calculated using savings adjustment factors made in a past peer review of a similar 

ice rink analysis by the same tracking vendor. Per the peer review, the ‘envelope savings’ were identified as 

160,000 kWh, which was utilized for the adjusted savings value, and the ‘refrigeration savings’ were 

identified as ~37.6% of the vendor’s calculation. The PA claimed ~37.6% of the tracking study’s 

performance improvement savings. 

Discrepancy Analysis 

A detailed discrepancy analysis cannot be performed for this site because of the lack of clarity in the tracking 

study performance improvement calculations as well as the use of correction factors by the Program 

Administrator to arrive at the claimed savings. The tracking study performance improvement calculations 

cannot be replicated in order to identify the inputs used or the sources of savings. 

One general source of discrepancy is that the evaluation has not included savings for all of the measures 

included in the tracking study as discussed in the project description section. These measures were not 

included either because they were not implemented, or determined as baseline. The reason each measure is 
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included on this list is discussed further in the ‘project description’ section, above. The measures not 

included in the evaluation are: 

 Increased quantity of compressors 

 High and low load glycol pumps 

 Larger Condenser 

 VSD on cooling tower fan 

 Underfloor system heat recovery 

 Desiccant dehumidifier 

Improvement Opportunities 

This section documents any opportunities for program improvement identified during the evaluation. 

1. Establish appropriate baselines for savings – The tracking study calculated savings using several 

baselines that are not appropriate for the facility. Savings should not be claimed for system features 

considered ‘standard practice.’ 

2. Confirm installation of measures - The tracking study calculated savings associated with a variable 

flow pumping system. In the proposed case, this system utilizes a 30-hp pump to circulate 

secondary refrigerant to the ice slab at peak load, and a 10-hp pump to circulate secondary 

refrigerant at 50% load and below. In actuality, a 30-hp and a 5-hp pump were installed at the 

facility. The 5-hp pump was not observed as in operation during the entire metering period. It is 

possible that the 5-hp pump is not capable of delivering the BHP required to serve the load at 50% 

load. During post-inspections, the MRD should specify a specific nameplate HP requirement for 

systems associated with variable flow systems. 

3. Minimum Requirements Document – It does not appear that an MRD was included in the tracking 

study. An MRD should be included in order to clearly identify the proposed measures and allow for 

verification of the measures during post inspection. 
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EVERSOURCE 10 
Program Administrator Eversource 

Project ID(s) WR130265 

Project Type Retrofit 

Program Year 2013 

Evaluation Firm DMI 

Evaluation Engineer Patrick Terrio 

Senior Engineer Mickey Bush 

 

SUMMARY 

The 90,000 square foot facility manufactures blow-molded products for a variety of customers. Prior to this 

project the site operated eight production lines and process chilled water serving these lines was provided 

by a 40 ton water cooled chiller with water-side free cooling. The site had plans for installing new production 

lines, which would increase the process chilled water requirement. Due to the planned increase in load, the 

site determined that it was necessary to replace the existing 40-ton chiller with a new 60-ton chiller.  

The corresponding energy efficiency project proposed the installation of a new 60-ton water-cooled process 

chiller with water-side free cooling to serve the entire chilled water load. The base case used in the tracking 

study was the installation of a new 60-ton air-cooled chiller without free cooling. This measure was expected 

to save energy through the improved efficiency of the water-cooled chiller in the mechanical cooling season 

and the implementation of water-side free cooling when outside air conditions allow.  

The evaluated savings are 3% of the claimed savings in the tracking study primarily due to the following 

discrepancies.  

 The evaluation concluded that the appropriate baseline for this project was not the air-cooled system 

assumed by the program, but the installation of a standard efficiency 60-ton water-cooled process 

chiller with code-compliant performance and water-side free cooling for the base case system.   

 The evaluation identified several errors in the tracking study calculations and correcting those errors 

decreased the predicted savings.  

 The process chilled water load was found to be significantly less than predicated. The TA calculations 

assumed the chiller to be fully loaded, while the evaluation identified the chiller to be no more than 

50% loaded. 

 The chilled water plant operates in water-side free cooling mode for fewer hours than predicted.  

 

Table 1: Project Results 

Savings Quantity 
Tracking  
Estimate 

Evaluation 
Estimate 

Realization  
Rate 

Electric energy (kWh) 330,049 10,579 3.2% 

% of Energy Savings on Peak 83.0% 50.8% 61.2% 

Summer On-Peak Demand (kW) 0.21 2.3 1095% 

Winter On-Peak Demand (kW) 53.18 1.3 2.4% 
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PROJECT DESCRIPTION 

The 90,000 square foot facility manufactures blow-molded products for a variety of customers. The blow 

molding machines are served by a process chilled water loop. The site had plans to expand their production 

through the installation of three new molding lines and decided that the pre-existing 40-ton water-cooled 

chiller would not have been able to handle the increase in process cooling load. The site determined that an 

additional 20 tons of cooling capacity was needed to accommodate the three new machines: 5-tons for each 

line, and a ~5-ton safety factor. In order to accommodate the anticipated load, the site decided it was 

necessary to install a new 60-ton chiller.  

The application was processed under the retrofit program; however, it was analyzed as new construction. 

Installation of a new air-cooled chilled water system was compared to the installation of a new water-cooled 

chilled water system with water-side free cooling. 

This measure was expected to save energy over the base case through the improved efficiency of the water-

cooled chiller in mechanical cooling season and the implementation of water-side free cooling when allowed 

by cooler ambient conditions. 

Pre-Existing 

The pre-existing chilled water loop was served by a 40-ton water-cooled chiller. The pre-existing water-

cooled 40-ton chiller was six or seven years old at the time of the project and was fully operational. Heat 

rejection was provided by a Baltimore Air Coil model 15146-HM cooling tower with a nominal capacity of 

146-tons and a 5-hp fan.  

The chilled water system included two 1,500 gallon indoor water tanks. One tank was for the chilled water 

and the second was for condenser water. In the mechanical cooling season the two tanks are kept separate. 

A 1.5-hp evaporator pump circulated water between the chiller and chilled water tank. A 40-hp chilled water 

pump circulated water from the storage tanks to the molding machines. The 15-hp hydraulic CHW pump 

circulated cooling water from the tanks to the hydraulic systems on each machine to prevent degradation of 

the hydraulic oil. 

A 7.5-hp tower pump circulated water between the condenser water tank and the cooling tower. A 2-hp 

condenser water pump circulated water between the condenser water tank and the chiller condenser.  

When outside air conditions allowed the plant to switch into water-side free cooling mode the chiller shut 

down and the cooling tower was used to maintain the chilled water supply temperature setpoint. A 

description of all equipment operation in mechanical and free cooling modes is shown in Table 2. 

Table 2: Sequence of Operation 

Equipment Mechanical Cooling Water-Side Free Cooling 

Chiller Maintained chilled water 

set-point of 55°F 

Off 

Cooling Tower Provides heat rejection and 
ran continuously 

Fan cycled to maintain chilled 
water setpoint of 55°F 

1.5-hp Evaporator 
Pump 

Ran continuously Off 

2-hp Condenser Pump Ran continuously Off 

7.5-hp Tower Pump Ran continuously Ran continuously 

40-hp CHW Pump Ran continuously Ran continuously 

Tank Separation Valve Closed Open 
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Baseline 

The TA baseline was an air-cooled chiller serving the entire load. The evaluation makes adjustments to this 

baseline – see the Project Evaluation section for details. 

In the TA base case the water cooled chiller and cooling tower are replaced by a 64-ton air-cooled chiller. 

The base case would maintain the use of the pre-existing chilled water tank and associated chilled water 

pumping configuration. The pre-existing 1.5-hp evaporator pump would need to be replaced with a 5-hp 

pump to handle the increased flow and pressure. The pre-existing 40-hp molding machine and 15-hp 

hydraulic circulation pumps were also replaced with new pumps and motors due to the projected increase in 

load. 

The pre-existing heat rejection equipment, cooling tower, tower pump and condenser pump, are assumed to 

be removed or left in place and shut down, because the new system would be air-cooled 

Installed 

A new 60-ton water-cooled chiller was installed at the facility. The pre-existing cooling tower was kept, but 

the tower fan motor horsepower was would be increased to 10-hp and the size of the tower nozzles were 

increased to increase the tower capacity. 

The pre-existing condenser water and evaporator pumps have been be replaced with larger pumps to handle 

the increased flow and pressures. The condenser water pump increased from 2 to 7.5 hp, and the 

evaporator pump increased from 1.5 to 5 hp. The tower pump was also replaced, but the new motor 

horsepower is the same as the pre-existing case (7.5-hp). 

A summary of the pre-existing, base case and proposed case equipment is below. 

Table 3: Equipment Summary 

Parameter Pre-Existing Baseline Proposed 

Chiller 40-ton water-cooled 60-ton air-cooled 60-ton water-cooled 

Heat 
Rejection 

Cooling Tower (BAC 15146) 
with 5-hp fan 

Air-cooled fans part of 
chiller package 

Pre-existing cooling tower 
with new 10-hp motor and 
new nozzles 

Evaporator 
Pump 

1.5-hp (96 gpm / 30 ft) 5-hp (180 gpm / 60 ft) 5-hp (180 gpm / 60 ft) 

Condenser 
Water Pumps 

(Tower and 
Condenser) 

Tower – 7.5-hp 
(300 gpm / 50 ft) 

Condenser – 2-hp 
(140 gpm / 33 ft) 

None 

Tower – 7.5-hp 
(360 gpm / 50 ft) 

Condenser – 7.5-hp 

(200 gpm / 60 ft) 

CHW 

Distribution 
Pumps 

CHW - 40-hp 

(350 gpm/230 ft) 

Hydraulic  – 15-hp 
(160 gpm / 138 ft) 

CHW - 40-hp 

(450 gpm/230 ft) 

Hydraulic – 15-hp 
(220 gpm / 138 ft) 

CHW - 40-hp 

(450 gpm/230 ft) 

Hydraulic – 15-hp 
(220 gpm / 138 ft) 

 

The sequences of operation shown in Table 2 were not modified as part of the installation of larger 

equipment. The installed controls include the use of the cooling tower for water-side free cooling when 

outside air conditions allow similar to the pre-existing case. 
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A diagram of the chilled water system is below. The pump motor sizes and flow rates listed are the installed 

case pumps, which are larger than the pre-existing pumps. 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used by the tracking analyst to estimate the 

tracking savings claimed for the project. 

Baseline 

This section describes the baseline equipment, system, and assumptions used in the tracking analysis. 

Table 4: Baseline Key Parameters 

BASELINE 

Parameter Value(s) 
Source of 

Parameter Value 

Operating Hours 7,465 hours Calculated 

Chiller Demand 55 kW Calculated 

Evaporator Pump Demand 5 kW Estimated 

Proposed Condition 

This section describes the proposed equipment, system, and assumptions used in the tracking analysis. 

Table 5: Proposed Key Parameters 

 PROPOSED 

Parameter Value(s) 
Source of 

Parameter Value 

Mechanical Cooling Operating Hours 1,874 hours Calculated 

Free Cooling Operating Hours 5,591 hours Calculated 

Chiller Mechanical Demand 45.5 kW Manufacturer’s Data 

Chiller Free Cooling Demand 0 kW - 

Cooling Tower Fan Demand 7.5 kW Calculated 

Evaporator and Condenser Pump Demand 12.5 kW Calculated 

Tracking Calculation Methodology 

The tracking analyst used a spreadsheet to calculate savings; the analysis was performed on a month-by-

month basis. The evaluator noted error regarding operating hours in the TA calculations and the impact is 

discussed below. 

The tracking study did not perform any metering of the pre-existing or installed equipment to confirm the 

chilled water load. The savings calculations assume that the base and proposed 60-ton chillers will run at 

peak load during all operating hours. 

Baseline 

In the base case, the analyst assumes 7,465 operating hours and that, when operating, the chiller uses 

55.04 kW, and the evaporator pump demand is 5 kW. This results in annual energy use of 448,179 kWh.  

Base case energy use (kWh) = Operating hours, 7,465 hours * (Chiller demand, 55.04 kW + 

Evaporator Pump demand, 5 kW) 

The tracking study assumed that the plant operates continually (24 hours) six days per week and for 

7.5 hours for one day per week. The calculations assume that the plan is shut down for 16 days per year, 

which appears to include a one week shutdown in July. There is a calculation error in January operating 
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hours, which results in under estimating operating hours. The calculated operating hours is 7,465 hours, but 

correcting for the calculation error the hours would be 7,502 hours. 

Operating Hours = (296 ‘weekdays’ * 24 hours/’weekday’) + (53 ‘Sundays’ * 7.5 hours/’Sunday’) 

The air-cooled chiller demand is calculated based on the chiller capacity (64-tons) and an assumed constant 

performance of 0.86 kW/ton. Variation in chiller performance with outside air temperature is not taken into 

consideration. 

The evaporator pump demand appears to be equal to the pump motor horsepower. The analysis lists the 

new evaporator pump motor as 5-hp and the pump demand is also 5 kW, which is higher than expected. A 

potential approach for estimating pump demand is listed below. 

Pump bhp = (180 gpm * 60 ft) / (70% pump efficiency * 3,960) 

Pump Motor kW = Pump bhp * 0.746 kW/hp / 87.5 % Motor Efficiency 

Pump Motor kW = 3.3 kW 

A summary of the TA base case along with the corrected values for operating hours and pump demand are 

shown in Table 6. 

Table 6: Corrected Baseline Summary 

 Baseline 

Parameter Tracking Modified Tracking Difference 

Operating Hours 7,465 hours 7,502 hours 37 hours 

Chiller Demand 55 kW 55 kW 0 kW 

Evaporator Pump Demand 5 kW 3.3 kW -1.7 kW 

Baseline Energy 448,179 kWh 437,800 kWh -10,378 kWh 

Proposed Condition 

In the proposed case, the analyst assumes that the system will operate in water-side free cooling mode 

from September through May, and that the chiller will handle all loads in June, July, and August. This results 

in 5,591 hours of free cooling and 1,874 hours of chiller operation. Similar to the baseline there is a 

calculation error in the January hours; therefore the free cooling hours should be 5,628 hours. 

During free cooling, the tower fan will handle of the chilled water load. It is expected that a 7.5-hp tower 

water pump will be required in the proposed system, but this pump is not included in the tracking analysis.  

A percent load of the tower fan was estimated in each month, from 25% in the coldest months to 100% in 

the warmest. The tower load factor was double counted in the tower fan energy calculation as both the 

tower demand and the monthly tower energy use was multiplied by this value.  

Proposed case free cooling energy use (kWh) = Operating hours, 5,591 hours * Load factor * (Tower 

fan demand, kW * Load factor) 

During mechanical cooling mode, the evaporator pump, condenser pump, tower fan and chiller will all 

operate. The pump motor horsepower is converted to kW in the proposed, while it is not in the base case. 

The horsepower to kW conversion is used two times for the tower fan power.  

Proposed case mechanical cooling (kW) = (Evaporator pump motor hp, 5-hp + Condenser pump 

motor horsepower, 7.5-hp + Tower Fan horsepower, 10-hp * 0.746 kW/hp) * 0.746 kW/hp + Chiller 

demand, 45.5 kW 
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Proposed case mechanical cooling (kWh) = Operating hours, 1,874 hours * mechanical cooling 

demand, 56.2 kW 

The chilled water and hydraulic CHW pump energy use was not included because it will be the same in both 

cases. 

Savings 

The table below breaks down the energy use in each case by time period.  

Table 7: Free and Mechanical Cooling Energy Savings 

Time Period 
Base Case 

Energy Use, 
kWh 

Proposed Case 
Energy Use, kWh 

Savings,  
kWh 

Free Cooling Potential (5,593 hours) 335,694 12,808 322,886 

Mechanical Cooling Required (1,874 

hours) 
112,485 105,321 7,164 

 

Table 8 presents the savings accounting for the calculation errors in the tracking study. The savings should 

have been lower than claimed by 17%. The primary reason for the decrease in savings is not including the 

tower water pump in the proposed case. 

 
Table 8: Modified Savings 

Case TA Modified Modified / TA 

Base 448,179 437,800 98% 

Proposed 118,129 164,276 139% 

Savings 330,049 273,524 83% 

 

Calculation of the percent on-peak energy savings in the application are not part of the tracking 

documentation. 

Summer demand savings were calculated as the difference between base case chiller and the proposed case 

chiller, evaporator pump and condenser pump. The evaporator pump is incorrectly not included in the base 

case peak kW and the tower fan and pump are incorrectly not included in the proposed case kW. The 

demand in the two cases: 

Summer demand savings, 0.21 kW = Base case mechanical cooling demand, 55.04 kW – Proposed 

case mechanical cooling demand, 54.83 kW 

Proposed summer demand = Chiller Demand, 45.5 kW + (Condenser Pump, 7.5-hp + Evaporator 

Pump, 5-hp) * 0.746 

Winter demand savings were calculated as the different between chiller demand in the base case and free 

cooling tower demand in the proposed case. The evaporator pump is incorrectly not included in the base 

case and the tower pump is incorrectly not included in the proposed case. 

Winter demand savings, 53.18 kW = Base case mechanical cooling demand, 55.04 kW – Proposed 

case cooling tower demand, 1.86 kW 

Table 9 and Table 10 provide the peak demand values taking into account the tracking study calculations 

errors. 
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Table 9: Modified Summer Peak Savings 

Case Modified TA Modified / TA 

Base 58.4 55.0 106% 

Proposed 60.7 54.8 111% 

Savings -2.4 0.22 -1100% 

 

Table 10: Modified Winter Peak Savings 

Case Modified TA Modified / TA 

Base 58.4 55.0 106% 

Proposed 8.97 1.87 481% 

Savings 49.4 53.2 93% 

Evaluation Assessment of Tracking Analysis 

This section includes discussion of the appropriate program track and base case for this application.  

Utility Data Review 

Based on monthly bill data, the tracking savings are 14% of the 2013 total energy use. Savings from this 

project are not evident in the bill data, as energy use increases from 2013 to 2014. This was expected due 

to the increase in production volume, and because the efficiency of the process chilled water system has not 

changed. Both the pre-existing and installed systems include water-cooled chillers with water-side free 

cooling. 

Base Case Site Visit Questions 

The evaluator discussed the following items with the site contact to help determine the appropriate base 

case. 

1. Did the pre-existing equipment need to be replaced due to failure or inoperability incompatibility with 

the expansion? 

a. No. The pre-existing equipment was working without major issues. 

2. Why was the entire system replaced as opposed to adding a new chiller to augment the existing chilled 

water loop? 

a. The site contact did not think this was a realistic option due to a lack of space for a new water-

cooled chiller. The chilled water tanks, condenser water tanks and associated equipment are 

located in a corner of the factory and there is minimal space for additional equipment. 

3. Was the site having any operational issues with the cooling tower prior to the new installation? 

a. Yes. The site was having water quality issues with the cooling tower. When operating in free 

cooling mode, the cooling tower water is used directly in the process chilled water loop and may 

cause fouling. The site installed two additional strainers and a side stream filter when the system 

upgrade was completed. Additionally, they added new ‘descaling’ chemicals to the loop. The site 

reports that these changes have improved the water quality, but it remains an overall concern. 

In the spring, pollen causes significant fouling issues. The site is forced to disable the water side 

free cooling system when pollen is an issue. 

4. Did the cooling tower have the capacity to serve the 60-ton load with relatively minor modifications?  
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a. Yes. The tower nozzles were replaced and the fan motor size was increased. The site believes 

that the tower is able to handle the increased load with these modifications. 

5. Were the tower water quality modifications part of this project or considered in a separate project? 

a. The tower water quality modifications were completed at the same time as this project. 

6. Was the site considering an alternative to a water-cooled system? If so, does any information exist to 

support the alternative? 

a. The facility manager is a proponent of air-cooled systems to avoid the water quality issue, but 

he was not involved in the purchasing decisions for the new equipment.  

b.  The facility owner said that they considered all options, including a small/pony air-cooled chiller 

and a completely new air-cooled chiller. The owner desired to make the most cost effective 

decision and, with an incentive, the water-cooled chiller was the most cost effective choice. The 

owner dictated the decision making process from memory, and he was not able to provide 

specifics.  

7. Is the pre-existing chiller used as a backup? 

a. No. It was removed from service. 

Program Track Determination 

Although this application was submitted as a retrofit, the tracking study analysis approach follows new 

construction methodology. Energy savings were calculated comparing a base case (air-cooled chiller without 

water-side free cooling) to a proposed case (water-cooled chiller with water-side free cooling). The 

pre-existing equipment was not considered in the tracking savings.  

The evaluator agrees with the New Construction approach taken by the tracking study to account for the 

change in chilled water loads from the installation of the new production machines. The site determined that 

they needed an increased chilled water capacity to handle the new loads, which prompted the installation of 

a new chiller. The savings from the base and proposed chilled water systems need to be analyzed at the 

same (installed) chilled water loads.  

Baseline Equipment Selection 

DNVGL, Eversource, and the EEAC consultants had significant discussions regarding the baseline for this 

project. Eversource has traditionally used stated customer preference, i.e. what the customer stated would 

have occurred in the absence of the program, as the baseline. The evaluators and EEAC have determined 

that the baseline assumptions made by Eversource were not appropriate for this project. The evaluation 

concluded that the appropriate base case for this project was the installation of a new code-compliant 60-

ton water-cooled chiller with water-side free cooling. The evaluated energy savings for this project are based 

on the incremental improvement in efficiency of the installed case chiller over a code-compliant water-cooled 

chiller. The evaluator considered several different options for the base case. 

1. Supplemental Water-Cooled – The evaluator considered the addition of a new 20-ton water-cooled 

chiller to supplement the capacity of the pre-existing 40-ton unit. This was determined to not be an 

appropriate base option because the site did not have the space for the installation of a new 20-ton 

water cooled chiller. Additionally, if this was a realistic option then this would likely have been the 

installed case because it would be equivalent efficiency of the installed system, but at a significantly 

lower cost. 
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2. Supplemental Air-Cooled – The evaluator considered the addition of a new 20-ton air-cooled chiller to 

supplement the capacity of the pre-existing 40-ton unit. While it may have been technically feasible to 

install a 20-ton air-cooled chiller to supplement the capacity of the pre-existing 40-ton unit, it does not 

appear to be a realistic option that the site considered. This approach would have added complexity to 

the operation and maintenance of the chilled water plant. The site would have had to add necessary 

controls to stage two different chiller types and would have the maintenance associated with two 

different chiller types.  

3. 60-ton Air Cooled – The tracking study presented a new 60-ton air-cooled option as the base case 

considered by the site for upgrading the chilled water system.  

a. An air-cooled chiller baseline would assume a baseline with worse efficiency than the pre-existing 

40-ton water-cooled system with free cooling. Savings would be estimated for installing new 

equipment that operates approximately as efficient as the smaller pre-existing, fully-operational 

equipment. In this case, the customer is realizing no energy savings when using the installed 

system to serve the pre-existing process chilled water load compared to the pre-existing 

equipment. It is standard practice within the energy efficiency industry to not use baselines in 

custom new construction projects that are less efficient than the pre-existing equipment and of a 

different system type than the pre-existing equipment to be replaced by new larger equipment.  

This summarized well in a 2013 California data center baseline document.1 Data centers, like this 

site, have large process cooling loads that are typically exempt from code or ASHRAE 

requirements. Page 9 of the document states: 

For existing equipment that is replaced in a New Construction project, the baseline system type is 

matched to the existing system and the baseline efficiency is determined by the values in this 

document.   

b. If a less efficient baseline is applicable, then sufficient evidence must be available documenting 

that the program prevented the participant from becoming less efficient. In this case, the 

participant has stated that they were having problems with water quality and an air-cooled system 

was considered. The participant also stated that they desired to make the most cost-effective 

decision for their business. The evaluation therefore concluded that if a less efficient baseline was 

applicable, it must have been a cost-effective option for the participant. 

c. The evaluation therefore reviewed the cost to install a 60-ton air-cooled system and disagrees with 

the program’s assertion that this was a cost-effective option for the site and therefore disagrees 

that its installation can be considered the baseline case for this project.  

The tracking study baseline cost estimate did not correctly account for all the equipment and labor 

costs associated with this baseline scenario. Table 11 shows the original cost estimates and a 

revised TA estimate developed by the evaluator. The baseline chiller cost of $51,000 was based on 

a vendor quote. This quote does not include installation labor and does not include equipment 

costs for all the equipment required. While the baseline does not require condenser pumps, the 

baseline still requires new chilled water, evaporator and hydraulic pumps to handle the projected 

increase in chilled water load. When the chiller installation labor and pump costs are added in to 

the baseline cost, the total estimated cost of $100,633 is greater than the proposed case cost of 

                                                
1 Pacific Gas and Electric Company’s Energy Efficiency Baselines for DATA CENTERS Statewide Customized New Construction and Customized Retrofit 

Incentive Programs 
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$96,528. The revised air-cooled cost includes the same pump and chiller installation costs as the 

tracking study proposed case, but the baseline installation costs may be lower (i.e. less pumps and 

no condenser water piping), resulting in very similar total baseline and proposed costs. While this 

cost estimate may not be perfect, the evaluation concluded that the cost to install a 60-ton air-

cooled unit was similar to cost of the installed system. 

New water-cooled chiller systems are usually more expensive than an a similarly sized new air-

cooled system. This is primarily due to the cost of a new cooling tower and associated piping since 

a water-cooled chiller is less expensive than an air-cooled chiller of the same size. However, the 

installed water-cooled system in this case only needed relatively minor renovations to the existing 

cooling tower.  

Based on the revised project costs and the difference in energy consumption modeled, the 

evaluation concluded that the installation of a new 60-ton air-cooled system would not have been 

considered cost-effective by the customer compared to a water-cooled system with free cooling, 

even without the program’s incentive. 

Table 11: Evaluation Assessment– System Cost 

Equipment 
TA Proposed: 

60-ton, 
water-cooled 

TA Baseline:  
60-ton,  

air-cooled 

Revised TA: 
60-ton, 

air-cooled 

P1 Chilled water $5,223 - $5,223 

P2 Tower $3,172 NA NA 

P3 Chiller condenser $3,140 NA NA 

P4 Chiller Evaporator $2,828 - $2,828 

P5 Hydraulic Pump $2,922 - $2,922 

Pump Labor $5,610 - $5,610 

Pump Labor1 $5,610  $5,610 

Chiller – Equipment $33,000 $51,000 $51,000 

Chiller - Labor $27,440 - $27,440 

New tower fan motor $2,140 NA NA 

Tower fan motor 
sheave 

$438 NA NA 

Tower fan sheave $497 NA NA 

Tower nozzles $428 NA NA 

Tower labor $4,080 NA NA 

Total $96,528 $51,000 $100,633 

1The tracking study incorrectly counted for pump labor twice. 

4. 60-ton Standard Efficiency Water-Cooled Chiller – As discussed above, the aforementioned base 

cases are not appropriate options for the facility. The remaining option is to consider a standard 

efficiency water-cooled chiller with water-side free cooling. The installed chiller performance is better 

than the minimum performance required by the energy code; therefore energy savings can be 

claimed for the incremental improvement of the installed case over a 60-ton standard efficiency 

water-cooled chiller. This chiller type is an appropriate baseline for this project as it is the same 

system type as the pre-existing system, was a cost-effective option, and is accepted as baseline for 

projects were code does apply. 
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5. Heat Rejection and Water-Side Economizer - The use of a water-cooled chiller requires a cooling 

tower for heat rejection. In order to be able to handle the peak load of a new 60-ton chiller the pre-

existing cooling tower would need to be modified in both the base and proposed cases. The 

installation of the new cooling tower provides the equipment necessary for water-side free cooling 

and the site’s pre-existing practice was to utilize free cooling; therefore free cooling is included in 

the evaluation base case. 
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PROJECT EVALUATION 

Table 12: Measure Verification 

Measure Name Verification Method Verification Result 

Water-Cooled CHW System with 
free cooling 

Visual confirmation that a water-cooled 
system is installed. 
Long term metering of chiller to indicate 
that water-side free cooling is used when 
the outside conditions allow. 

The evaluator verified that a 
water-cooled chilled water system 
is installed. The controller used to 
switch the system between 
mechanical and free cooling was 
also verified 

Metered Data 

Table 13: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment 

Brand and Model 
Metering Duration Metering Interval 

Chiller Amps Onset UX120  4 weeks 15 mins 

Chiller Demand Yokogawa CW240 17 minutes 1 second 

Cooling Tower Fan Amps Onset UX120 4 weeks 15 mins 

Cooling Tower Demand Yokogawa CW240 10 minutes 1 second 

Tower Pump Demand Yokogawa CW240 6 minutes 1 second 

Condenser Pump Demand Yokogawa CW240 5 minutes 1 second 

Evaporator Pump Demand Yokogawa CW240 5 minutes 1 second 

Tower, Condenser, Evaporator Pump 
Operating Hours 

Onset UX90 Motor On/Off 4 weeks Change of State 

New Production Machine Operation Onset UX90 Motor On/Off 4 weeks  Change of State 

 

During the site visit the evaluator was told that the chiller has two compressors, which do not have 

unloading capabilities. During the metering visit spot metering of the chiller was performed to capture single 

and dual compressor demand. Long term amperage readings for total chiller input were recorded to 

determine the operating hours in each mode. The evaluator determined after the site visit that the chiller 

has four compressors based on the model number, but long term data demonstrated that no more than two 

compressors were operational at a time. (The maximum observed chiller input amperage corresponded to 

the spot metered amperage for two compressors.) 

All of the pumps and the cooling tower fan are either on at a constant demand or off, so spot metering was 

used to determine equipment demand and motor on/off loggers are used to collect run time data. Based on 

the evaluated base case the pump spot power metered data is not used in the analysis. The long term pump 

state data is used to determine the plant operating hours in mechanical and free cooling modes. Table 14 

presents the spot metered demand results. 
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Table 14: Metered Data Review – Yokogawa Readings 

Equipment Volts Amps Power Factor kW 

Tower Fan 464 11.2 82% 7.3 

Tower Pump 465 7.8 72% 4.5 

Condenser Pump  464 7.4 70% 4.2 

Evaporator Pump  465 5.7 81% 3.7 

Chiller, 1 Compressor 464 16.7 75% 10.1 

Chiller, 2 Compressors 464 34.8 77% 21.5 

Evaluation Methodology 

While the tracking study used a typical day per month model, the evaluation uses an hourly analysis. The 

8,760 model includes hourly TMY3 weather data from Chicopee, MA. 

The general approach of calculating the hours in each operating mode and the equipment demand in each 

mode is similar to the tracking study. A description of the metering and associated calculation approach for 

each piece of equipment is listed below.  

Plant Operating Hours 

The evaluator metered the facility equipment parameters identified in Table 13. The data was recorded at an 

interval of one minute from 12:00 PM 12/17/2015, to 11:00 AM 1/29/2016.  

The total demand of all equipment was averaged by hourly intervals and displayed by day. This table was 

subject to conditional formatting to easily identify periods when demand was low.  

Table 15 identified the site operating hours of the facility. In a typical week, the site is in operation from 

Monday at 8am through Sunday at 8am.  

Facility demand indicated plant shutdown from 8 am, 12/24/2015 through 3am 12/28/2015 for Christmas, 

and 8am, 12/31/2015 through 1am, 1/4/2016 for New Years. Assuming the site observes 12 holidays 

annually, this corresponds to 7,200 annual plant hours. 
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Table 15: Metered Data Review – Hourly Visualization of System kW Demand 

 

Mechanical vs. Free Cooling Hours 

The metering period captured both mechanical and free-cooling operation. The free cooling period was 

identified as when the tower fan was in operation and when the condenser pump (circulates condenser 

water between chiller and storage tank) was off.  

DMI obtained hourly outside air dry bulb and wet bulb temperature for Chicopee, MA coincident with the 

metered data. A bin model of this data was generated to calculate condenser pump percentage run time in 

each temperature bin. Condenser pump run time was identified as the percent of time the pump is on during 

in each temperature bin, not counting weekend or holiday shut down.  

Time

Date 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

12/18/2015 34.8 34.0 32.7 32.2 32.4 34.1 34.2 32.2 31.0 32.8 35.7 35.0 33.3 32.6 34.3 35.0 34.5 34.2 34.5 32.0 36.1 33.1 32.9 33.1

12/19/2015 36.5 32.8 29.9 29.8 27.0 26.0 28.3 24.1 18.3 8.0 7.0 9.6 10.3 10.3 9.9 10.3 10.1 10.5 9.5 9.5 9.3 10.4 10.5 9.6

12/20/2015 9.2 9.9 11.1 10.6 9.9 9.6 10.6 10.7 10.8 10.2 10.6 10.8 11.3 11.5 12.1 11.5 10.8 9.9 9.6 10.3 10.2 9.2 9.2 10.4

12/21/2015 10.4 9.9 9.3 9.0 9.3 10.5 10.6 9.9 11.8 13.6 15.2 16.3 16.3 16.3 16.3 16.2 16.3 16.2 16.2 16.2 16.2 16.2 16.2 16.2

12/22/2015 16.1 16.2 16.2 22.6 36.5 35.8 35.7 32.1 31.6 32.5 33.0 35.6 39.9 36.5 40.0 37.0 40.1 40.1 40.1 39.4 35.3 39.8 39.9 39.9

12/23/2015 39.9 39.8 20.5 16.2 16.2 16.2 16.2 16.2 20.5 37.1 39.4 36.6 34.0 39.9 40.0 36.4 39.9 39.8 35.9 34.2 34.9 35.9 36.0 36.0

12/24/2015 35.9 30.5 27.6 27.6 27.5 27.5 27.5 27.6 6.0 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

12/25/2015 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

12/26/2015 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

12/27/2015 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

12/28/2015 4.2 4.2 4.2 6.5 5.9 5.9 5.9 8.0 9.0 10.1 10.5 10.0 9.7 10.7 11.2 9.3 10.9 10.6 10.6 11.7 9.9 10.8 9.8 10.1

12/29/2015 11.3 10.0 10.8 10.5 9.9 11.8 11.6 10.8 10.7 12.0 11.8 12.4 13.6 12.2 12.0 11.9 11.9 12.3 12.3 12.6 12.2 13.2 12.7 12.1

12/30/2015 12.2 12.4 12.2 12.4 12.4 12.7 12.3 12.6 12.2 12.5 13.2 12.5 12.4 12.9 13.9 12.8 14.2 14.5 13.4 13.6 14.6 13.7 13.2 12.5

12/31/2015 14.2 12.3 14.3 12.5 14.2 12.6 14.2 10.4 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

1/1/2016 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

1/2/2016 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

1/3/2016 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

1/4/2016 6.7 5.7 4.2 5.7 5.6 5.5 7.4 7.7 8.1 10.4 8.8 10.7 9.3 10.3 11.0 9.6 11.3 9.2 11.0 8.9 11.2 9.6 10.7 10.0

1/5/2016 10.2 10.8 9.8 11.5 11.2 10.7 10.8 12.9 12.8 12.1 11.8 11.9 12.2 13.4 11.9 12.6 12.2 12.1 12.5 12.3 12.1 12.0 11.9 12.1

1/6/2016 11.9 11.9 11.9 12.0 11.1 11.2 11.5 11.0 10.5 12.6 12.2 14.2 15.8 13.1 13.8 14.2 13.2 12.5 11.6 11.9 11.7 11.9 12.6 12.0

1/7/2016 11.7 11.0 9.3 11.3 9.6 10.3 10.7 9.1 11.2 11.9 12.5 14.3 12.4 14.3 14.4 14.4 12.3 12.3 11.8 10.4 11.8 10.5 10.6 11.3

1/8/2016 9.5 11.5 9.8 11.7 10.9 10.7 11.9 10.3 11.1 12.5 13.7 14.4 14.5 16.1 16.2 16.2 14.5 16.2 16.2 16.2 14.4 16.2 14.5 15.3

1/9/2016 15.7 16.2 15.7 15.1 16.3 16.3 16.3 14.2 10.4 10.5 12.6 11.7 13.8 13.8 14.0 12.3 12.9 11.4 11.3 10.9 9.7 10.2 9.6 9.3

1/10/2016 9.6 9.3 10.4 11.1 11.2 10.0 11.4 11.0 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8 3.8

1/11/2016 6.9 6.6 5.9 6.5 6.7 5.7 5.9 7.8 12.0 10.1 11.3 11.7 10.1 11.3 11.5 10.0 11.5 10.8 10.5 11.7 9.4 10.5 9.0 9.4

1/12/2016 9.3 9.7 11.1 10.1 11.6 10.4 10.9 11.6 11.7 11.8 12.2 12.2 12.5 14.1 12.5 14.4 14.2 13.2 14.5 13.7 14.4 12.3 13.2 12.5

1/13/2016 11.5 11.3 11.8 10.0 11.5 12.1 11.8 11.3 10.9 11.8 11.9 12.1 11.8 11.0 11.6 12.1 12.0 12.2 12.2 12.1 12.2 12.1 12.1 12.6

1/14/2016 13.4 12.7 12.2 12.0 12.1 12.1 12.0 12.0 11.9 12.1 13.5 12.2 12.1 14.0 12.5 12.7 11.9 12.3 12.4 12.6 11.7 11.2 10.4 11.1

1/15/2016 11.1 10.0 9.8 10.9 10.8 9.6 10.1 10.8 11.3 11.2 11.7 12.0 14.2 14.4 16.3 16.3 16.3 16.4 16.3 16.2 16.2 14.5 16.2 16.2

1/16/2016 16.2 16.2 16.1 16.1 16.1 16.1 16.2 16.1 14.3 14.3 16.1 16.1 16.1 16.0 16.0 16.1 16.1 16.1 16.1 16.1 16.1 16.1 14.3 14.2

1/17/2016 12.7 13.0 12.9 12.1 11.8 10.8 11.7 10.9 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

1/18/2016 5.9 5.8 5.6 5.7 5.7 5.5 5.6 7.1 7.9 9.4 8.7 10.5 9.3 10.9 11.0 10.7 11.9 11.9 10.8 11.7 12.1 12.1 12.1 11.5

1/19/2016 11.4 11.6 11.4 11.7 11.7 11.6 11.7 11.7 12.0 12.7 12.0 12.2 12.3 12.2 12.2 12.1 13.4 12.7 12.3 12.2 12.7 13.0 12.5 12.2

1/20/2016 12.0 11.9 11.9 11.6 11.5 12.0 11.9 12.1 12.2 13.1 13.1 12.8 13.8 14.2 12.6 14.3 14.0 12.9 12.5 14.2 12.4 12.5 13.8 12.7

1/21/2016 12.2 12.4 11.1 11.6 11.3 10.4 10.6 11.1 11.1 9.8 10.4 10.7 11.2 11.8 11.9 10.9 11.1 11.3 11.9 11.9 10.2 11.2 11.1 9.8

1/22/2016 11.3 9.5 11.3 9.6 10.7 10.6 10.1 11.0 10.1 11.3 11.8 12.0 12.5 13.4 12.7 12.3 13.7 13.0 12.5 12.9 13.8 12.5 12.5 13.3

1/23/2016 13.5 12.4 12.3 12.3 12.2 12.2 12.5 12.4 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2

1/24/2016 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 4.2 5.3 4.6 4.6 5.7 4.0 3.8 3.8 3.8 3.8 3.8 3.8 3.8

1/25/2016 7.1 5.7 5.7 5.6 5.7 6.7 7.3 8.8 9.5 11.1 12.1 12.9 13.8 14.3 14.4 12.7 14.4 12.6 13.4 13.5 12.4 12.3 12.2 12.1

1/26/2016 12.3 13.1 13.4 12.3 12.1 11.9 12.4 12.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3 16.3

1/27/2016 15.3 15.2 11.7 11.3 13.0 12.2 11.3 11.2 11.5 11.3 11.3 13.5 12.4 13.2 13.4 14.5 14.5 13.1 14.1 12.6 12.7 12.4 12.4 12.0

1/28/2016 10.5 11.2 10.4 10.1 10.9 9.2 11.1 9.5 11.2 11.2 10.5 11.2 11.8 13.8 12.8 14.3 14.4 14.6 14.5 12.8 14.5 12.5 14.3 12.5



WR130265   Page 16 of 21 

 

 

 

  

Table 16: Mechanical vs. Free Cooling Hours – Condenser Pump Run-Time  

 

The recorded data indicates that the facility begins to operate in free cooling for some percentage of time at 

approximately 47° OA WB. This does not mean that the facility is operating in free cooling 3% of each hour 

in the 45 to 50° temperature bin, but rather that the facility was observed as operating in free cooling in this 

temperature range for 3% of the entire metering period. This is discussed further below. 

DMI generated an exponential fit between these five data points. This exponential fit identifies the percent of 

time the facility is running in mechanical cooling below 47° WB. The facility is assumed to be in complete 

free cooling below 5% condenser run time. 

Table 17: Mechanical vs. Free Cooling Hours– Condenser Pump Run-Time Exponential Fit  

 

The percentage of mechanical cooling is the same for the base and installed cases. In the hours where the 

plant is modeled as running in some mechanical cooling, that percentage of time is multiplied by the 

compressor demand. 

  

Condenser

Temperature Bins Avg OA WB Run

From To T Time

45 50 46.9 97%

40 45 43.3 49%

35 40 37.3 13%

30 35 31.4 7%

25 30 28.4 3%

y = 0.0002e0.1794x

R² = 0.9898
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Installed Chiller Demand 

The metered chiller amperage data indicates no significant variation in demand with respect to outdoor air 

wet bulb temperature. An average kW demand is calculated for use in all hours of mechanical operation. 

Table 18: Installed Chiller Demand – Chiller Amperage vs. OA WB 

 

 

Table 19: Installed Chiller Demand – Chiller Amperage vs. OA WB Plot 

 

The installed chiller has four compressors, but only two were observed in operation at a time. Per Table 14, 

the chiller uses 10.1 kW in one compressor operation and 21.5 kW in two compressor operation. Table 20 

identifies the weighted average percentage of time the chiller is operating with two compressors. 

When the plant is in mechanical cooling, the chiller is in two-compressor operation 64% of the time. This 

corresponds to an average chiller demand of 17.4 kW when the facility is in mechanical cooling.  

The site has added one production line since the chiller water plant upgrade; therefore, the evaluation 

metering includes a total of 8 production lines. The site reports that the new machine is the largest molding 

machine, but the other seven machines are similar in size. The site plans installation of a ninth production 

line in 2016. Due to the expected installation timeframe the evaluated chilled water load and associated 

chiller demand are adjusted to account for the new line. Details of the new line are not available; therefore, 

the increase in chilled water load/chiller demand is assumed to be the average of the eight existing lines. 

Chil ler

Temperature Bins Avg OA WB On Run

From To T Amps Time

50 55 51.6 32.6 100%

45 50 47.0 28.9 97%

40 45 43.3 30.1 49%

35 40 37.3 31.4 13%

30 35 31.4 30.3 7%

25 30 28.5 27.6 3%

0.0

5.0
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35.0
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The average chiller demand for each of the eight production lines is 2.2 W (1/8 times total demand of 

17.4 kW). The new total chiller demand after installation of the ninth line is estimated to be 19.6 kW (17.4 

kW metered demand plus 2.2 kW for night line).  

 

Table 20: Installed Chiller Demand – Compressor Loading 

 

Baseline Chiller Demand 

A code compliant chiller was modeled for the base case, with an EER of 15.4 and an IPLV of 19.0.  

Table 21: Baseline Chiller Demand – Installed Case Performance Improvement 

 

The installed chiller IPLV is 13.2% better than code. The IPLV % improvement is used to calculate the 

baseline chiller demand because the facility only operates at part-load and at a low condenser water 

temperature.  

 Baseline Chiller Demand = IPLV Installed Case % Higher * Installed Demand = 113.2% × 19.6 kW = 22.2 kW 

The evaluator found that the realization ratio (evaluated savings divided by tracking savings) is not strongly 

dependent upon the percent improvement in performance; therefore the ratio of IPLV values was 

determined to be appropriate. A 10% increase or diminishment in this demand has no more than a 3% 

difference in TA Savings’ % Realization. 

Table 22: Baseline Chiller Demand – Average Chiller Demand, kW 

 

When the base and installed chiller are operating in full mechanical cooling, the chiller demand is modeled 

as per the Table 22: Baseline Chiller Demand – Average Chiller Demand, kW.  

1 Comp 2 Comp % Time

OA WB Bin Avg Chiller Operation Run Avg Run Avg in

From To WB % Mech Minutes % kW % kW 2 Comp

50 55 51.7 100.0% 1,380 27.3% 11.4 72.7% 23.8 72.7%

45 50 46.9 97.2% 1,637 43.4% 11.3 53.8% 23.4 55.3%

40 45 43.3 48.5% 1,149 17.7% 11.1 30.8% 23.1 63.5%

35 40 37.3 14.4% 552 3.9% 11.0 10.5% 22.6 72.8%

30 35 31.4 7.8% 480 2.8% 11.2 5.0% 22.9 64.6%

25 30 28.1 4.0% 204 1.9% 11.2 2.2% 23.2 53.9%

Average 64.1%

Design %

Value Code Installed Better

EER 15.4 16.4 6.5%

IPLV 19.0 21.5 13.2%

Full Mech Part Mech Avg.

Case Cool Hours Cool Hours kW

Base 3,199 674 22.2

Installed 3,199 674 19.6
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Cooling Tower Fan Demand 

The installed case reduces compressor power by 2.6 kW. Reducing compressor demand results in a lower 

heat of compression that must be rejected by the cooling tower. The same cooling tower is observed in the 

base and installed case. 

The evaluator reviewed the installed YCWL0064HE46 chiller’s technical specifications at standard AHRI 

condenser water and chilled water temperature to obtain an approximation of capacity. Per the part load 

performance data, a demand of 17.4 kW corresponds to approximately 33.5 tons (50% load) at standard 

AHRI condenser water and chilled water temperature. Scaling this demand up to 19.6 kW corresponds to a 

load of approximately 35.2 tons. 

By converting the compressor demand into tons of refrigerant to be rejected by the cooling tower, the 

installed case must reject an average of 43.3 TR. The base case must reject an average of 44.0 TR, which is 

1.7% more heat to be rejected through the cooling tower. This is modeled by a 1.7% increase in cooling 

tower operation. 

The tower fan cycles on and off as needed to reject the necessary heat. Per Table 14: Metered Data Review 

– Yokogawa ReadingsTable 14, the tower fan had an average demand of 7.3 kW when in operation. Between 

the dates of 1/6/2016 and 1/8/2016, the facility was in mechanical cooling and the tower fan was cycling 

throughout the entire period. This period was used as a benchmark to calculate the average time the fan 

was on while cycling. The average demand of the tower fan during this period was 4.9 kW, which is 67.1% 

of the average demand in operation. The installed case tower fan is in operation 67.1% of the time the 

facility is in cooling. The base case requires the tower fan to operate 1.7% more than the installed case, 

which corresponds to the fan being in operation 68.2% of the time the facility is in cooling. 

In the 8,760 model, the installed case cooling tower fan is modeled with a demand of 4.86 kW when the 

facility is in cooling, and the base case is modeled with a demand of 4.95 kW when the facility is in cooling. 

Evaluation Savings Results 

Table 23: Evaluation Savings Results - Summary Table 

 

The evaluation identifies total savings of 10,579 kWh. This is 3.2% of the TA estimated savings of 

330,049 kWh. 

  

Savings Summary & Realization Ratio

Tower

System Chiller Fan Total

kWh kWh kWh

Base 85,904 35,460 184,552

Installed 75,915 34,869 173,973

Savings 9,989 590

Evaluation Savings 10,579

TA Estimated Savings 330,049

% Realization 3.2%
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above. 

Table 24: Project Results  

Savings Quantity Tracking Evaluation Realization 

Electric energy (kWh) 330,049 10,579 3.2% 

% of Energy Savings on Peak N/A 50.8% N/A 

Summer On-Peak Demand (kW) 0.21 2.3 1095% 

Winter On-Peak Demand (kW) 53.2 1.3 2.4% 

Discrepancy Analysis 

This section describes the key drivers behind any difference in the tracking and evaluation estimates, annual 

kWh savings, percent on-peak kWh saving, and demand savings. 

The following table identifies the incremental change in system savings with respect to each key parameter. 

In the discrepancy discussion of each parameter, references to what value the parameters ‘should be’ refers 

to the value at that step. 

Table 25: Discrepancy Summary 

Parameter Discrepancy Impact on Results 

TA 
Calculation 

Error 

The TA savings calculation has several minor 
errors.  

The cooling hours in January are not calculated 

correctly, which affects the total hours. The 

annual hours are 7,465, and should have been 
calculated as 7,502. This difference in operating 
hours is added to the free cooling period. 

The baseline pump demand does not account for 
pump and motor efficiency. The baseline pump 
demand is 5 kW and should be 3.3 kW.  

The proposed system demand in free cooling 

does not account for the tower pump, and does 
not correctly calculate tower fan demand. The 
pump and motor demand is 2.3 kW and should 
be 9.0 kW. 

The proposed system demand in mechanical 
cooling does not account for the tower pump, 

and does not utilize pump and motor efficiency 
to calculate demand. The pump and motor 
demand is 10.73 kW and should be 15.23 kW. 

The calculation errors lead to a 
decrease in total savings by 

56,563 kWh, which is 18% of total 
difference in evaluation and tracking 

savings.  

Hours of 

Operation 

The tracking study total production hours has 
been calculated as 7,502. 

The evaluation analysis identified total 

production hours as approximately 7,169 hours. 
This is a 333 hour or 4.4% reduction in 
operating hours.  

A decrease in operating hours leads 
to a decrease in total savings. The 

savings decreased by 12,278 kWh, 
which is 4% of the total discrepancy. 
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Parameter Discrepancy Impact on Results 

Chiller Load 

Per the evaluation analysis metering data, the 
chilled water load at the facility is smaller than 

originally anticipated.  

The tracking baseline chiller demand is 
55.04 kW, while the evaluated found the chiller 
to operate at ~24 kW (Demand is estimated for 
air-cooled chiller.) 

The decrease in chilled water load 
leads to a decrease in savings. The 
savings decreased by 189,045 kWh, 

which is 59% of the total difference. 

Free Cooling 
Hours 

The tracking study free cooling hours were 
5,591 hours. After the accounting for the change 
in total facility production hours (see above) the 
TA free cooling hours would be approximately 
5,379 hours  The evaluation found 3,296 hours 
or 61.3% of the adjusted tracking value. 

The decrease in water-side free 
cooling hours leads to a decrease in 
savings. The savings decreased by 
53,830 kWh, which accounts for 

17% of the total decrease in 
savings.  

Base Case 
System Type 

The TA savings calculation assume an air-cooled 
chiller for the base case system and the 
evaluation uses a code-compliant water-cooled 
chiller with free-cooling. Since the evaluated 
base case system includes water-side free 
cooling, no savings occur during free cooling 

operation. 

No savings may be claimed during free cooling. 

No savings may be claimed for pump or motor 
operation.  

After adjusting the base case system 
the savings decreased by 8,265 kWh 
or 3% of all discrepancy corrections.  

Improvement Opportunities 

This section documents any opportunities for program improvement identified during the evaluation. 

1. Perform Pre-metering to Verify Loads – The TA Study calculated savings assuming the chiller is fully 

loaded. The actual load at the facility is smaller than anticipated. Pre-metering the existing chiller 

demand allows the site to verify the load prior to the installation and make a well-educated decision 

on what upgrades should be made. 

2. Document Sequences of Operation for Free Cooling – The TA Study calculated savings assuming the 

facility would be in free cooling from September to May. Free cooling operation is a function of 

outside air wet-bulb temperature. Documenting the sequences of operation for free-cooling at the 

facility will assist in identifying whether the assumptions made in the savings calculations are 

appropriate. 

3. Document Basis for Base Case System Selection – The TA Study calculated savings with a baseline 

of an air-cooled chiller. The evaluation has determined that “standard practice” would to be the 

same system type as the previous system. Documenting the basis for base case system selection 

will assist in confirming whether the correct base case has been selected. 
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SUMMARY 

A limestone mill plant retrofitted its stone processing system with a new Raymond roller mill with integrated 

dryer that has faster processing capabilities, resulting in a reduction in the energy use per ton of stone 

processed (kWh/ton). In the pre-retrofit case the site was in the unique situation of making a portion of the 

sold product on-site and purchasing a portion as pre-made product for resale. The program track and 

approach for calculating the energy savings are determined based on site specific criteria.  

This project has been analyzed under the retrofit program, which is consistent with the tracking study 

because the site would have continued operating in the pre-existing manner if they did not receive incentive 

support from the program administrator. Additionally, the site’s motivation for this project was to lower their 

on-site operating cost (electric, gas and labor) to produce product at a lower cost per ton. The site contact is 

confident that he would not have received funding approval for refurbishing the mill without the help of the 

incentive. He stated that they would have continued to run the old mill and purchase pre-made product as 

they had been doing since his arrival onsite in 2010. The rate for purchasing pre-made stone was favorable, 

making the pre-existing approach financially preferred over other options available. 

While the total on-site production increased after installation of the new Raymond mill, the evaluated 

savings are based on the pre-retrofit on-site production. Savings are not calculated for production that was 

previously purchased from an outside source and resold by this plant. This approach was taken for the same 

reasons used to identify the retrofit program track; customer motivation was to lower on-site operating cost 

to produce product on a per ton basis and the project was only implemented with support from the program 

administrator. The increased on-site production was a secondary result to reduced operating cost from 

installation of the new mill and dryer. 

The evaluated savings are 22% of the originally predicted value. The primary reason the savings variance is 

a reduction in the tons of production used as the basis for the claimed savings.  The evaluation claims 

savings on production that was switched from the pre-retrofit mill to the installed mill and did not include 

production that was previously purchased from outside sources. The savings decreased further due to a 

faster than predicted pre-production rate and a lower than predicted pre-retrofit plant demand. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate 
Realization 

Rate 

Electric energy (kWh) 2,166,572 472,318 22% 

% of Energy Savings on Peak N/A 135% N/A 

Summer On-Peak Demand (kW) 323 164 51% 

Winter On-Peak Demand (kW) 323 244 76% 
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PROJECT DESCRIPTION 

The facility is a stone mill plant.   

The site had two pre-existing mills and a single dryer to process limestone. The site ran the mills for two 10 

hour shifts per day over six days per week or ~6,240 hours per year. Shift times were estimated to be 6am 

to 4pm and 4pm to 2am. The site attempted to process as much stone as they could during these shifts, but 

the two mills did not run continuously during the two shifts. Production data indicates that the two mills ran 

for ~4,100 hours per year at a utilization of 66%. The two mills were always run simultaneously. The dryer 

could run independently of the mills and was only operated for a single shift. 

The plant’s customer orders exceed its on-site mill capacity and therefore it was required to purchase ‘pre-

made’ stone for re-sale. According to the site they purchased pre-made stone throughout the year. The 

pricing for purchasing ‘pre-made’ product was more economical than adding labor and running for an 

additional four hours per day or on Sundays. 

The pre-existing mill throughput was approximately 7 tons per hour on average.  The 49 motors involved in 

the pre-retrofit mill and dryer combine for a cumulative horsepower of 955 HP.  Together, the mill and dryer 

motors account for 50% of the cumulative horsepower. 

While the pre-existing mills were old technology they were able to keep them operating and expected to be 

able to do so for the foreseeable future. 

The energy conservation measure in this project involved replacing the pre-existing stone mills and dryer 

with a new Raymond roller mill and an integrated dryer. The proposed mill is capable of processing 

significantly more stone per hour than the pre-existing mills.  Due to the increased production rate, the 

installed mill runs for fewer hours than the pre-existing mills and is capable of meeting all of the site’s 

orders. After the installation of the new mill the site is able meet all production needs internally and does not 

purchase any ‘pre-made’ stone. 

The installed Raymond was purchased by the site around 2007 as a previously owned unit. However, prior 

to installation, the Raymond mill needed to be sent out to be refurbished. At the time of purchase the site 

was able to make all of their product on-site, so they did not immediately install the mill. In subsequent 

years the site’s orders increased and they were able to meet those orders by purchasing ‘pre-made’ product.  

The current site manager investigated the cost of refurbishing the Raymond mill purchased in 2007 versus 

purchasing a new Raymond mill. The cost for refurbishing the Raymond Mill was determined to be less 

expensive than purchasing a new mill.  

According to the site, the total amount of processed stone sold has not changed significantly with the new 

mill. Any changes in stone sold are due to typical yearly variation, but in general their orders have been 

consistent over recent years. 

The limestone processing rate has increased to approximately 30 tons/hour.  With the increased production 

rate the site is able to run the installed mill for ~1 shift per day to meet all orders. An attempt is made to 

run the mill overnight for off-peak electrical rates, but there are times where they need to run a half shift at 

night and a half shift during the day because they fill up their storage silos too quickly.  
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Although the cumulative horsepower (1,475 HP) of all motors in the proposed mill/dryer system is greater 

than the pre-existing system, the significant reduction in annual run hours results in electrical energy 

savings.  The following table summarizes the 12 motors used in the proposed system. 

Table 2: Proposed Mill/Dryer Motor Summary 

Motor Type Motor HP 

Grizzly Feeder 10 HP 

Bulk Feed Conveyor 30 HP 

Mill Feeder 10 HP 

Mill 600 HP 

Classifier 100 HP 

System Fan 200 HP 

Dust Collector 150 HP 

Combustion Fan 7.5 HP 

Material Pump 100 HP 

Blower 250 HP 

Floor Screw 7.5 HP 

Elevator 10 HP 

Total 1,475 HP 

 

This project also involves natural gas savings through the installation of the new dryer; the gas savings are 

not addressed in this evaluation. 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the tracking savings claimed 

for the project.   

Pre-Retrofit 

This section describes the pre-retrofit condition assumed in the tracking analysis.  

The original tracking study stated that “the existing equipment is currently producing product at a rate of 

41,000 tons per year at a throughput of approximately 6 tons per hour”, but the basis for these values was 

not provided. The tracking study also states that the “new mill is planned to have a higher yearly production. 

Production will be increased to 52,000 tons per year”, but the basis for the increase in production was not 

provided. Since savings for this measure are based on a reduction in energy consumption per ton of stone 

processed, calculations for the pre-retrofit case assumed the same amount of annual stone production as in 

the proposed case (52,261 tons), which is why those values are seen to be the same in both Tables 3 and 4. 

The tracking study did not include any mention of the pre-purchased product made by the site. The 

evaluation found that pre-retrofit production line was operating at capacity and the increase in annual 

production in the installed case is a result of shifting from purchasing pre-made product to making all stone 

on-site. In order to process the measure as a retrofit the tracking study should have determined savings 

based on the stated pre-retrofit production of 41,000 tons and should not have claimed savings for shifting 

load from external to internal production. 

Table 3: Pre-Retrofit Key Parameters 

Pre-Retrofit 

Parameter Value(s) 
Source of 

Parameter Value 

Limestone Throughput 6 tons per hour Stone Mill Site 

Stone Processed Annually 52,261 tons Stone Mill Site 

Annual Operating Hours 8,710 hours Calculated 

Average Operating kW 323 kW Calculated 

 

Proposed Condition 

This section describes the proposed condition assumed in the tracking analysis.  The proposed system 

involves the usage of a new Raymond Mill and an integrated dryer with the following expected parameters. 

Table 4: Proposed Key Parameters 

Proposed 

Parameter Value(s) 
Source of 

Parameter Value 

Limestone Throughput 35 tons per hour Stone Mill Site 

Stone Processed Annually 52,261 tons Stone Mill Site 

Annual Operating Hours 1,493 hours Calculated  

Average Operating kW 430 kW Calculated 
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Tracking Calculation Methodology 

Data Collection 

The tracking study metered 7 of the 49 motors in the pre-retrofit case for 33 days. Power metering was 

collected for the blower and mill motors. Amperage data was collected for the dust collector, dryer, mill 

elevator, screen 1 and feeder motors. 380 horsepower or 40% of the total 955 horsepower was metered. A 

summary of the tracking metered data is provided in Table 5. 

Table 5: Pre-Retrofit Meter Data 

Motor Parameter Equipment Duration Interval HP 
% of 

Total HP 
Load 

Factor 

Blower Power (kW) Power Logger 33 days 5 minutes 30 HP 3% 69% 

Mill Power* (kW) Power Logger 33 days 5 minutes 100 HP 10% 30% 

Dust Collector Amps (A) Amp Logger 33 days 1 minute 150 HP 16% 18% 

Dryer Amps (A) Amp Logger 33 days 1 minute 50 HP 5% 51% 

Mill Elevator Amps (A) Amp Logger 33 days 1 minute 25 HP 3% 64% 

Screen 1 Amps (A) Amp Logger 33 days 1 minute 25 HP 3% 19% 

Feeder Amps (A) Amp Logger 33 days 1 minute n/a n/a 1% 

*There are two main mill motors. The power logging only metered one of those motors. 

Production Hours 

The expected operating hours were calculated by dividing the proposed production output, 52,261 tons, by 

the production rate for the pre-retrofit and proposed production lines.  In the pre-retrofit case the 

production rate was noted to be 6 tons/hour and in the proposed case it was noted to be 35 tons/hour.  The 

source of these production rate values is not explicitly clear.  The pre-retrofit run hours are 8,710 hours and 

the proposed run hours are 1,493 hours. 

Pre-Retrofit Demand 

Energy consumption was broken down by motor for both the pre-retrofit and proposed cases.  The pre-

retrofit motor power was calculated based on metered data and motor horsepower. The first step was to 

calculate the load factor for each of the seven metered motors using the equations below. 

Equation 1: Full Load Amperage = Motor Horsepower × 746 watts/hp ÷ 240 volts ÷ √3 

Equation 2: Load Factor = Metered Average Amperage ÷ Full Load Amperage 

Table 6: Load Factor Summary 

Motor Parameter 
Motor 

Horsepower 
Metered 

Amps 
Full Load 

Amps 
Load 

Factor 

Blower Power (kW) 25 28.8 44.9 64% 

Mill Power* (kW) 25 8.7 44.9 19% 

Dust Collector Amps (A) 100 94.0 179.7 52% 

Dryer Amps (A) 150 49.2 269.5 18% 

Mill Elevator Amps (A) 50 45.4 89.8 51% 

Screen 1 Amps (A) 30 53.2 53.9 99% 

Feeder Amps (A) 0 0.6 40.0 1% 

 

Since load factors were only calculated for seven pieces of metered equipment, the tracking vendor used the 

mill elevator load factor (64%) to calculate kW for the majority (73%) of other motors in the pre-existing 

case.  It was not clearly stated how it was determined which of the load factors to use for each motor. 
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Motor input power was calculated using the following equation.  

Equation 3: kW = Motor horsepower × 0.746 kW/hp × Load Factor ÷ Motor Efficiency 

The motor efficiency was varied for different motor horsepowers, but the basis for the motor efficiency 

values is not provided. 

The total calculated average operating kW for the pre-retrofit case is 323 kW as shown in Table 7: Pre-

Retrofit Demand. 

Table 7: Pre-Retrofit Demand 

Motor 
Metered 

HP 
Total 
HP 

Load 
Factor 

Motor 
Efficiency4 

Demand 
kW 

Bucket Elevator 25 334.5 64% 89% 180.0 

Screen 1 25 65 19% 92% 10.2 

Mill 11 100 200 - - 47.6 

Dust Collector 150 225 18% 93% 33.0 

Dryer 50 75 51% 83% 34.1 

Dust Blower2 30 30 - - 17.1 

Feeder3  25 1% - 0.6 

Total 380 955   323 
1Power metering data was used directly for one mill motor. The 2nd mill motor was assumed to be the same operating kW. 
2Power metering data was used directly for the dust blower. 
3Feeder horsepower was not provided. Load factor and kW are based on a direct input for full load amps. 
4Typical motor efficiency is listed in this Table. The motor efficiency was varied for different size motors. 

The evaluator has identified two concerns with the pre-retrofit input power calculations. 

1. Power Factor should have been included in the full load amperage calculation. 

2. Motor Efficiency is built into the load factor via the metered amps (amps are motor input) so it 

should not be included in the kW equation. The equations below demonstrate that motor efficiency is 

built into the metered amps. 

Equation 4: Metered kW = Fan bhp x 0.746 kW/hp / Motor Eff 

Equation 5: Metered kW = Metered Amps x Volts x Sqrt (3) x PF 

Equation 4 and Equation 5 can be combined and rearranged so that: 

Equation 6: Metered Amps = (Fan bhp / Motor eff) x (0.746 kW/hp /( Sqrt(3) x Volts x PF)) 

The evaluation methodology section describes how the pre-retrofit demand calculations are adjusted to 

account for these errors in the formulas. 

Proposed Demand 

Equation 3 was used for the proposed case as well.  Similar to the pre-retrofit case it does not appear that 

motor efficiency should be included in calculation of demand because it is accounted for in the load factor. 

Pre-retrofit metered load factors are used as the load factors in the proposed case.  Similarly to the pre-

retrofit case, it was not clearly stated how load factors were assigned to each motor. Table 8 summarizes 

the proposed motor data. 
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Table 8: Proposed Motor Data 

Motor Type Motor HP 
Load 

Factor 

Motor 

Efficiency 

 

kW 

Grizzly Feeder 10 19% 90% 2 

Classifier 100 19% 95% 15 

Mill Feeder 10 19% 90% 2 

Mill 600 30% 95% 143 

System Fan 200 18% 95% 29 

Dust Collector 150 18% 95% 22 

Combustion Fan 7.5 51% 90% 3 

Material Pump 100 69% 95% 55 

Blower 250 69% 95% 136 

Floor Screw 7.5 64% 90% 4 

Elevator 10 64% 90% 5 

Bulk Feed Conveyor 30 64% 92% 16 

Total 1,475 37% 95% 430 

 

Energy Savings 

The total calculated savings are the difference between the sum of annual motor energy use in the pre-

retrofit and proposed cases. The summary of the savings calculation can be seen below in Table 9. 

The on-peak savings percentage was calculated in the tracking analysis by estimating that 33% of the 

operating hours occur during on-peak hours for the pre-retrofit case and no operating hours occur during 

the peak period in the proposed case. The source of the pre-retrofit on-peak hours of operation of 33% is 

unclear. The calculation summary of the on-peak savings % can be seen below in Table 9. 

Summer and winter demand reduction values were equal to the total pre-retrofit demand since all operating 

hours were expected to shift to non-peak hours in the proposed case. 

Table 9: Tracking Savings Analysis Summary 

Parameter Total kWh Peak kWh 
% On-Peak 

kWh 

On-Peak kW 
(Summer & 

Winter) 

Pre-Retrofit 2,809,374 936,458 33% 323 

Post-Retrofit 642,802 0 0% 0 

Savings 2,166,572 936,458 43% 323 

 

Evaluation Review of Tracking Analysis 

The evaluation identified the following concerns with the tracking study analysis. 

1. Production - In order to process the measure as a retrofit the tracking study should have determined 

savings based on the stated pre-retrofit production of 41,000 tons and should not claim savings for 

shifting load from external to internal production. 

2. Full Load Amps – The calculation of the full load amperage as part of the load factor should have 

included the power factor. 

3. Pre-Retrofit Power – The calculation of the pre-retrofit power should not have included the motor 

efficiency because motor efficiency is built into the metered amperage. 

Modifying the tracking study with these adjustments would decrease the claimed savings by 45% to 

1,191,473 kWh.  
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PROJECT EVALUATION 

The evaluation has determined this retrofit measure was implemented as outlined in the original application. 

The evaluator observed that the horsepower of the four largest installed case motors match the tracking 

study. The installed plant operating hours are in-line with the intent of the project because the site is able to 

meet their production needs with a single shift.  

Evaluation savings are based on long term metered data collected by the evaluator and production data 

provided by the site. Pre-retrofit metered data from the tracking study is also incorporated into the 

evaluation analysis. 

Table 10: Measure Verification 

Measure Name Verification Method Verification Result 

Stone Mill 
Site Observations, Metered Data, and Site 
Production Data 

New equipment was determined to 
be installed per the tracking study.  

 

Program Track Determination 

Based on multiple interviews of the site contact, the evaluator has determined that it is reasonable for this 

measure to be analyzed as a retrofit project: the customer’s primary motivation for moving ahead with the 

project was to reduce their on-site operating costs including electric, gas, and labor. Additionally, the site 

stated that they would have continued with their pre-retrofit operating practice had program not provided an 

incentive. 

This finding is consistent with the tracking study approach. The tracking study stated “This project was 

considered as a retrofit project because the facility management indicated the willingness to continue 

operating the current equipment which is over 30 years old to match the production of the proposed 

Raymond Mill and dryer.” 

The site contact provided the same feedback to the evaluator. Refurbishing of the Raymond mill was 

investigated because the site desired to reduce electric, gas and labor operating costs associated with on-

site production. Due to the increased production rate, the mill energy rate (kWh/ton) has improved with the 

new mill, and the operating hours have decreased; therefore, the new mill provides labor and energy 

savings. Although gas savings are not analyzed in this evaluation, the new mill was predicted to provide 

~59,000 therms of savings compared to the existing mill. Also, the site reports that due to the decrease in 

required run hours they try to run the new mill only during off-peak hours to reduce energy costs. 

The program administrator induced the customer to move forward with refurbishing and installing the new 

Raymond mill. The site contact is confident that he would not have received funding approval for 

refurbishing the mill without the help of the incentive. He stated that they would have continued to run the 

old mill and purchase pre-made product as they had been doing since his arrival onsite in 2010. The rate for 

purchasing pre-made stone was favorable and its purchase would have continued to be their least cost 

option to meet their sales volume. The total plant orders have not changed significantly and are not 

expected to change significantly over the next several years, so they would still be able to meet orders with 

the pre-existing approach.  

Evaluation Production Volume 

Evaluated energy savings are based on the pre-retrofit on-site production volume only. Savings are not 

calculated for production that was previously purchased from an outside source and resold by this plant. 

This approach was taken for the same reasons used to identify the retrofit program track. Customer 
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motivation was to lower on-site operating cost to produce product on a per-ton basis and the project was 

only implemented with support from the program administrator. The increased on-site production capacity is 

viewed as a secondary result of the retrofit project, but not the motivation for the project.  

DNVGL, Eversource, and the EEAC consultants had numerous discussions regarding the production volume 

that should be assumed for the estimation of evaluated savings. The evaluation concluded that the pre-

retrofit production volume represents what the site would have done in the absence of the project. The EEAC 

consultants supported this approach based on the information available. 

This project should be considered unique as the use of the pre-project production volume is rare for energy 

efficiency savings calculations. Typically, a need for increased production capacity is the primary motivation 

for the project and the participant must spend money on something to meet the required production 

capacity increase, even if it is additional labor. Energy savings for typical projects are therefore calculated 

based on the post-installation production volume and compare two of the options the participant has 

available.  This project is unique since there is clear evidence that the participant would not have increased 

their on-site production capacity without the program’s financial support. 

Data Collection 

he evaluation performed power metering on four of approximately twelve motors: the mill, system fan, dust 

collector, and blower motors - for 44 days.  Each of these motors has a nameplate horsepower greater than 

or equal to 150 hp.  These four motors are the largest motors and account for 81% of the cumulative 

horsepower of all motors involved in the mill operation.  Table 11 below summarizes the motors metered. 

Table 11: Evaluation Data Collection – Installed Equipment 

Parameter 
Motor 

HP 
% of 

Total HP 
M&V Equipment Brand 

and Model 
Metering Start/Stop 

Dates 
Metering 
Interval 

Mill kW 600 40% DENT ELITEpro Logger 10/7/2015 – 11/20/2015 15 mins 

System fan kW 200 14% DENT ELITEpro Logger 10/7/2015 – 11/20/2015 15 mins 

Dust collector kW 150 10% DENT ELITEpro Logger 10/7/2015 – 11/20/2015 5 mins 

Blower kW 200 17% DENT ELITEpro Logger 10/7/2015 – 11/20/2015 5 mins 

The evaluator collected three sets of production data. 

 Installed Weekly Data - The site records two sets of production data for the installed mill. One set of 

data includes all stone processed. The site provided weekly production data from 9/28/15 through 

11/22/15 that includes all stone processed. These data were collected coincident with the power 

metered data and were used to calculate the installed case energy rate. 

 Installed Monthly Data - A second set of data was collected for the installed mill on a monthly basis 

which is a sub-set of the total stone processed. This data set does not include stone that is sent out 

as bulk inventory and limestone that is separated out to make damp aglime.  Approximately 30% of 

the total stone processed is sent out as bulk or damp aglime. Monthly data from December 2014 to 

November 2015 was provided for this subset of the stone. This data was used to help compare the 

calculated installed case mill energy use to the whole building interval data and to document the 

amount of pre-purchased stone (difference between installed and pre-retrofit production). 

 Pre-Retrofit Data - The site provided pre-retrofit production data for all stone processed for 2013. 

The pre-retrofit mill tracked total production data on a monthly basis. 
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The program administrator provided 15 minute electric demand data for the electrical meter directly 

upstream of this equipment. No data exists before April 2014 for the current meter installed. 

Table 12: Evaluation Data Collection – Data Received 

Parameter Source Duration Interval 

Pre-Retrofit Motor kW or amps Tracking Analysis 33 days See Table 5 

Pre-Retrofit Mill Production Data 

(Tons and Hours) – all stone 
Site 

12 months (January – 

December 2013) 
Monthly 

Installed Mill Production w/o bulk 
inventory and limestone (tons) 

Site 
12 months (December 2014 

– November 2015) 
Monthly 

Installed Mill Production – all 
stone processed (tons) 

Site 
2 Months (9/28/15 – 

11/22/15) 
Weekly 

Whole Building 15 Minute 

Interval Data 
Program Administrator 4/1/14-1/31/16 15 Minutes 

Evaluation Savings Analysis 

Production Volume 

After installation of the new mill the site became able to meet all production needs internally and the 

evaluation found the site now uses the new mill to meet all production orders and they are not purchasing 

pre-made product any longer. The site reports that total plant sales volume (stone made on site and stone 

pre-made) has not changed significantly over the last several years and is not expected to change 

significantly in upcoming years. The evaluation therefore assumed that the 2013 production data from was 

the best available data to represent the pre-retrofit production volume condition. 

Per production data from 2013 (measure was implemented in the spring of 2014) the total amount of stone 

processed was 29,003 tons. During subsequent interviews the site contact confirmed that approximately 

30,000 tons was produced on-site in the years prior to the project. The evaluation therefore believes that 

that the statement in the TA report that the 2012 production volume was 41,000 tons was inaccurate. 

The site tracks monthly production and operating hours and provided this data for the pre-retrofit case. Per  

Table 13 the average annual production rate was calculated to be 7.0 tons/hour and the annual production 

run time was 4,116 hours. The TA estimated the equipment was running at 6.0 tons/hour. No 

documentation was provided supporting the assumption used. 

Table 13: Pre-Retrofit Volume and Hours 

Month Tons 
Production 

Hours 
Tons/Hour 

Jan-13 1,767 339 5.2 

Feb-13 2,182 337 6.5 

Mar-13 3,282 469 7.0 

Apr-13 3,390 405 8.4 

May-13 2,793 347 8.0 

Jun-13 2,412 329 7.3 

Jul-13 1,580 188 8.4 

Aug-13 2,395 265 9.0 

Sep-13 2,364 371 6.4 

Oct-13 1,971 326 6.0 

Nov-13 2,248 329 6.8 

Dec-13 2,619 411 6.4 

Totals 29,003 4,116 7.0 
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Pre-Retrofit Motor Demand 

A similar approach to the tracking study was used to calculate the pre-retrofit motor demand. The following 

adjustments were made to the tracking study calculations. 

Power Factor – The tracking study did not include power factor in the calculation of the motor full load 

amperage. The following equation was used to determine the full load amperage. A power factor of 80% is 

used based on the tracking study power metering. 

Equation 7: Adjusted: Full Load Amperage = Motor Horsepower × 746 watts/hp ÷ 240 volts ÷ √3 ÷ 

Power Factor 

Motor Efficiency – The tracking study includes motor efficiency in the calculation of motor demand, but this 

is not consistent with the load factor calculation and therefore should not be included. As discussed in the 

Tracking Calculation Methodology section, the metered amperage in the load factor calculation includes the 

motor efficiency; therefore, including efficiency in the kW calculation would double count this input.  

Equation 8: Adjusted: kW = Motor horsepower × 0.746 kW/hp × Load Factor 

The total calculated average operating kW for the evaluation pre-retrofit case is 248 kW. The estimated 

annual energy usage for each motor was determined using Equation 3. Table 13 has a summary of the pre-

retrofit motor data. The TA pre-retrofit demand is also shown (see Table 6: Pre-Retrofit Demand) for 

comparison to the evaluation calculations.  Only the tracking demand values that included motor efficiency 

in the calculations have been modified by the evaluator. 

Table 14: Pre-Retrofit Demand 

Motor 

Metered 
HP 

Total 
HP 

Load  
Factor 

Motor 
Efficiency4 

Evaluation  
Demand 

kW 

Tracking  
Analysis  
Demand 

kW 

Bucket Elevator 25 334.5 51% Not Used 128.1 180.0 

Screen 1 25 65 15% Not Used 7.5 10.2 

Mill 11 100 200 - - 47.6 47.6 

Dust Collector 150 225 15% Not Used 24.5 33.0 

Dryer 50 75 40% Not Used 22.6 34.1 

Dust Blower2 30 30 - - 17.1 17.1 

Feeder3  25 1% - 0.6 0.6 

Total 380 955   248 323 
1Power metering data was used directly for one mill motor. The 2nd mill motor was assumed to be the same operating kW. 
2Power metering data was used directly for the dust blower. 
3Feeder horsepower was not provided. Load factor and kW are based on a direct input for full load amps. 
4Motor efficiency is not used in the evaluation analysis, but is shown here for consistency with Table 7. 

Pre-Retrofit, Annual Energy 

The annual pre-retrofit energy use was calculated by multiplying the average operating demand of 248 kW 

shown in Table 14 by annual operating hours of 4,116 hours shown in  

Table 13 to get 1,021,082 kWh per year. 

Installed Case, Metered Demand 

The metered demand for the mill motor, system fan, dust collector, and blower was determined by 

averaging the five-week metering period. Each of these motors has a nameplate horsepower greater than or 
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equal to 150 hp and these four motors account for 81% of the cumulative horsepower of all motors involved 

in the mill operation.   

For this analysis, the assumption was made that a motor is considered on when the motor power was 

greater than or equal to 1 kW. The zero values were removed so the motor power would not be adjusted for 

off-time.  The average operating power for the metered equipment can be seen below in Table 15. 

Table 15: Installed Case, Metered Operating Demand 

Equipment Horse Power 
Metered 

kW 

Mill Motor 600 139.3 

System Fan 200 92.2 

Dust Collector 150 61.6 

Blower 250 85.2 

Total 1,200 378.2 

 

Installed Case, Non-Metered Motor Demand 

To determine the power of the non-metered motors, the load factors for the equipment are estimated using 

extrapolated data from calculated load factors for the metered motors. The load factors for the metered 

motors are calculated using Equation 9 and Equation 10. The summary of the calculated load factors can be 

seen in Table 16.  

Equation 9: Full Load kW = (Motor HP x 0.746) ÷ Motor Efficiency 

Equation 10: Calculated Load Factor = Metered kW ÷ Full Load kW 

 

Table 16: Installed Case, Metered Load Factors 

Equipment Horse Power 
Motor 

Efficiency 
Full Load kW 

Metered 
kW 

Calculated 
Load Factor 

Mill Motor 600 95% 471.2 139.3 30% 

System Fan 200 95% 157.1 92.2 59% 

Dust Collector 150 95% 117.8 61.6 52% 

Blower 250 95% 196.3 85.2 43% 

Total 1,200  942.3 384.3  

 



Application WR130172          Page 13 

 

 

 

  

To extrapolate the load factors for the non-metered motors, a linear relationship was determined comparing 

the horsepower to the calculated load factor. The relationship can be seen in Chart 1. 

Chart 1: Comparing Motor Horsepower to Load Factor 

 

 

It is assumed that the load factors are dependent on motor horsepower. The calculation for the non-metered 

motor load factors is described by Equation 11 below using the linear fit equation displayed on Chart 1. The 

non-metered demand is determined using the motor horsepower and nameplate efficiency, as Equation 11 

and Equation 12 detail. The summary of the non-metered equipment power can be seen in Table 17. 

Equation 11: Non-Metered Load Factor [%] = (-0.0006) x Equipment HP + 0.6423 

Equation 12: Non-Metered Equipment kW = (Equipment HP x Load Factor x 0.746) ÷ Motor 

Efficiency 

Table 17: Installed Case, Non-Metered Motors Power Summary 

Equipment Horsepower Motor Eff. 
Estimated  

Load Factor 
Estimated  

kW 

Grizzly Feeder 10 90% 62% 5.2 

Bulk Feed Conveyor 30 92% 61% 14.8 

Mill Feeder 10 90% 62% 5.2 

Classifier 100 95% 57% 45.1 

Combustion Fan 8 90% 62% 3.9 

Material Pump 100 95% 57% 45.1 

Floor Screw 8 90% 62% 3.9 

Elevator 10 90% 62% 5.2 

Total 276   128.4 



Application WR130172          Page 14 

 

 

 

  

An alternative approach to calculating the load factor would be to apply an average of the metered load 

factor to the non-metered motors. Since the non-metered motors account for 19% of the total horsepower 

the alternative load factor calculation would only have a ~1% impact on the realization ratio. 

Installed Case, Energy Rate Calculation 

The evaluation calculates the installed case energy use using an estimation of the energy rate (kWh/ton) 

observed during the monitoring period. This approach is only slightly different than the tracking study 

approach. The tracking study assumed that all of the motors operated for the same number of hours. 

However, the evaluation found that the dust collector operates for more hours than the rest of the mill.  The 

dust collector fan is left running during off hours to collect dust that has piled up during production. The 

energy for each piece of metered equipment was determined from the long term metered data so the dust 

collector’s extra hours are included in the estimated energy rate.  

The operating hours for the non-metered motors are assumed to be the average hours of the blower, 

system fan and mill motor only since dust collector operates for longer hours. The blower, system fan and 

mill motor have similar operating hours and the average of these three pieces is used to represent typical 

mill operation and operating hours for the non-metered motors.  

To determine the energy usage of the non-metered motors during the metering period, the total estimated 

power shown in Table 17 was multiplied by the hours of operation for the week as can be seen in Equation 

13. The summary of the non-metered motor energy usage can be seen in Table 18. 

Equation 13: Weekly Non-Metered Motor Energy Usage [kWh] = 131.3 [kW] x Average Metered Mill 

Hours of Operation 

Table 18: Installed Case, Non-Metered Motors Energy 

Week 

Ending 

Blower 

Hours 

System 

Fan Hrs 

Mill Motor 

Hours 

Avg Mill 

Hours 

Power 

kW 

Energy 

kWh 

10/18/2015 12.0 14.8 11.0 12.6 128.4 1,616 

10/25/2015 21.5 22.3 19.8 21.2 128.4 2,719 

11/1/2015 28.8 28.0 26.5 27.8 128.4 3,564 

11/8/2015 65.8 67.8 62.3 65.3 128.4 8,381 

11/15/2015 62.8 61.8 55.0 59.8 128.4 7,685 

Total 38.2 38.9 34.9 37.3 128.4 23,966 

 

Table 19 below presents the energy rate calculated for each week of the metering period. Using Equation 14 

and Equation 15 below, the weekly energy rate was determined. The production data was provided by the 

site and includes all stone processed by the mill. The metered energy is based on the long term metering of 

the mill motor, system fan, dust collector and blower. 

Equation 14: Tons/Day = Weekly Production Tons ÷ 7 days/week 

Equation 15: Energy Rate [kWh/Ton] = (Metered kWh + Non-Metered kWh) ÷ Production Tons 
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Table 19: Installed Case, Energy Rate 

Week 
Ending 

Production 
Tons 

Production 

Rate 
(Tons/Day) 

Metered 
kWh 

Non 

Metered 
kWh 

Total 
kWh 

Energy Rate 
(kWh/Ton) 

10/18/2015 372 53 6,133 1,616 7,749 20.83 

10/25/2015 618 88 9,707 2,719 12,425 20.11 

11/1/2015 916 131 12,817 3,564 16,382 17.88 

11/8/2015 1,794 256 27,834 8,381 36,215 20.19 

11/15/2015 1,849 264 24,535 7,685 32,220 17.43 

Total 5,549 159 81,026 23,966 104,992 18.92 

 

Table 19 shows minimal variation of the energy rate from week to week; therefore, the overall average 

value is used in the installed case calculations. 

Installed Case, Annual Energy Consumption 

The installed case annual energy use is calculated to be 548,764 kWh using the following formula. 

Equation 16: Installed kWh = Annual Production, 29,003 Tons x Energy Rate, 18.92 kW/ton 

Installed Case, Utility Meter Comparison 

The installed case calculated mill energy use was compared to the annual 15 minute whole building interval 

data to confirm that the evaluated installed case energy is reasonable. A summary of the comparison is 

presented in Table 20. There is an electric meter that is dedicated to the mill building. The only major 

electric load on the meter besides the Raymond Mill is an air compressor, which appears to operate at base 

demand of ~110 kW based on the interval data. 

The annual energy use (12/1/14 – 11/30/15) for the utility meter serving the Raymond Mill was 

1,782,385 kWh. The total installed case production from 12/1/14 through 11/30/15 was estimated to be 

64,611 tons based on production data from the site. Based on the calculated installed energy rate of 

18.92 kWh/ton, the installed mill energy use for the entire production load is 1,222,440 kWh or 69% of the 

total meter use. 

A similar ratio of mill energy use to total site energy use was found during the evaluation metering period. 

The total metered energy use for the metering period was 111,742 kWh, which is 60% of the total meter 

usage during the same period. 

Based on a comparison of the evaluation metered mill kWh to the whole building kWh for the year and for 

the metering period, the evaluation installed case energy rate of 18.92 kWh/ton is determined to be 

reasonable. There are two reasons that there is a discrepancy between the metering and annual ratios. First, 

the actual annual installed production is estimated based on total production during the metering period and 

annual production for a subset of stone sold. Second, metering was performed during one of the slowest 

production months. As production and mill operating hours decrease the air compressor or other equipment 

represent a higher percentage of the total facility usage. 
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Table 20: Energy Rate 

Period Begin End 

Mill Energy,  

Evaluation Estimate 
(kWh) 

Building Energy, 

Utility Meter 
(kWh) 

Meter/ 
Building 

Metering 10/7/15 12:15 11/19/15 12:45 111,742 186,846 60% 

Annual 12/1/2014 11/30/2014 1,222,440 1,782,385 69% 

 

Peak Savings 

Pre-Retrofit Energy- The plant was in operation for 6 days per week. Based on 4,116 annual hours (see  

Table 13: Pre-Retrofit Volume and Hours), the daily operation was 13.2 hours. The evaluation assumes that 

all of the weekday operating hours occur during peak hours; therefore, the percent of pre-energy use during 

on-peak hours is 5 peak days per week divided by 6 total operating days per week (83%). 

Installed Case Energy- The percent of installed case energy that occurs during on-peak periods is calculated 

from the metered data. The total energy use from Table 19 during the metering period was 104,992 kWh 

and 40,770 kWh was during on-peak hours resulting in 39% on-peak usage. 

Pre-Retrofit Peak Demand - A constant demand of 248 kW is used during all pre-retrofit operating hours. 

The plant is in operation during all summer and winter peak demand hours. 

Installed Peak Demand - The average installed case operating demand during summer and peak demand 

hours is based on metered data. During the metering period the energy use during the 132 summer peak 

hours (weekdays 1pm to 5pm) was 11,155 kWh, resulting in an average demand of 84.5 kW. During the 

metering period the energy use during the 65 winter peak hours (weekdays 5pm to 7pm) was 247 kWh 

resulting in an average demand of 3.8 kW. 

Chart 3 provides an overview of the weekday pre and installed demand profiles as reference for the peak 

energy and demand values. 

Chart 3: Weekday Demand Profile 
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Table 21: Peak Energy Savings 

Parameter 
Evaluation Produced 

Total kWh On-Peak kWh % On-Peak 

Pre-Retrofit kWh 1,021,082 850,901 83% 

Post-Retrofit kWh 548,764 213,091 39% 

Savings 472,318 637,810 135% 

 

Table 22: Peak Demand Reduction 

Parameter Pre Installed Saved 

Summer 248 84.5 163.6 

Winter 248 3.8 244.2 
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above. 

Table 23: Project Results by Measure 

Savings Quantity Tracking Evaluation Realization 

Electric energy (kWh) 2,166,572 472,318 22% 

% of Energy Savings on Peak N/A 135% N/A 

Summer On-Peak Demand (kW) 323 164 51% 

Winter On-Peak Demand (kW) 323 244 76% 

Comparison of Assumptions 

The purpose of this table is to provide a comparison of the key inputs of the tracking and evaluation 

calculations in order to demonstrate the sources of savings discrepancies. 

Table 24: Comparison of Key Pre-Retrofit Parameters 

 Tracking Evaluation Ratio 

Annual Production 52,261 29,003 55% 

Production Rate 6 tons/hour 7 tons/hour 117% 

Operating Power (kW) 323 248 77% 

Operating Hours 8,710 4,116 47% 

Electric energy (kWh) 2,809,358 1,021,082 36% 

 

Table 25: Comparison of Key Proposed/Installed Parameters 

Parameter Tracking Evaluation Ratio 

Annual Production 52,261 29,003 55% 

Production Rate 35 tons/hour 29.7 tons/hour 85% 

Operating Power (kW) 430 563 131% 

Operating Hours 1,493 975 65% 

Electric energy (kWh) 642,064 548,764 85% 
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Discrepancy Analysis 

This section describes the key drivers behind any difference in the tracking and evaluation estimates, annual 

kWh savings, percent on-peak kWh saving, and demand savings. 

Table 26: Discrepancy Summary 

Parameter Discrepancy Impact on Results 

Annual 
Production  

The tracking study assumed that the pre-
retrofit mill would increase production to 
52,261 tons and calculated savings at this 

production level.  
 
The evaluation determined that the pre-
retrofit mill was at capacity producing 

29,003 tons and based savings on this 
production level. 

A decrease in annual production leads to a 

decrease in energy savings. This factor 
accounts for 57% (964,523 kWh) of the 
total decrease in tracking to evaluated 
energy savings. 

Pre-Retrofit 
Production 

Rate 

The source of the tracking study pre-retrofit 

production rate is not clear.  
 
The evaluation used site production data to 
determine a pre-retrofit production rate of 7 
tons/hour which is 117% of the rate 
predicted by the tracking study. 

The faster than predicted pre-production 
rate leads to a decrease in pre operating 
hours and a decrease in energy savings. 
This factor accounts for 14% (231,528 kWh) 
of the total decrease in energy savings.  

Pre-Retrofit 

Demand 

The evaluation used the tracking metered 
data for the pre-retrofit case and made 
some adjustments to calculation of the total 

pre demand due to calculation errors. The 
evaluated pre-retrofit demand is 77% of the 
tracking value.  

The lower than predicted pre demand leads 
to a decrease in energy savings. This factor 

accounts for 18% (306,484 kWh) of the 
total decrease in energy savings. 

Installed 
Production 

Rate 

The evaluated installed production rate is 
based on four weeks of production data. It 
appears that the tracking production rate is 
based on the site’s estimate. The evaluated 
rate is 86% of the tracking value. 

The lower than predicted installed 
production leads to an increase in operating 
hours and a decrease in energy savings. 
This factor accounts for 4% (63,021 kWh) of 
the total decrease in energy savings.  

Installed 
Demand 

The evaluated installed demand is 140% of 
the tracking estimate. 

The higher than predicted installed demand 
leads to a decrease in energy savings. This 
factor accounts for 8% (129,421 kWh) of 
the total decrease in energy savings.  
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Improvement Opportunities 

This section documents any opportunities for program improvement identified during the evaluation. 

1. Clarity of Pre-Retrofit Case – The tracking study assumes that the pre-retrofit mill operating hours 

would increase to 8,710 hours in order to meet the production needs. The evaluation found that the 

pre-retrofit mill was operating at capacity at 4,116 hours and 29,003 tons per year and the site was 

purchasing pre-made product to meet their orders. Although the pre-mill was only operating for 

4,116 hours the mill operating hours and associated production output were limited by the drying 

process. Providing a clear review with documentation of production equipment capabilities would 

ensure that realistic assumptions are made with production data. 

2. Backup Documentation – The tracking study did not provide documentation of the pre-retrofit 

production rate. The evaluator was able to obtain pre-retrofit production data to document the 

production rate. 

3. Pre-Retrofit Interval Data – The tracking study did not collect whole building interval data. Whole 

building interval data could be used to verity that the pre-retrofit energy use is reasonable. 
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PROJECT DESCRIPTION 

This new construction project installed a new production line capable of meeting the expected increase in 

unit production volume. The production line consists of several components including fans, pumps and 

motors. The project is considered new construction because the site increased its production and an 

investment in new equipment was required to do so. The installed line is a new design which is wider than 

the assumed baseline lines. The new line achieves daily and annual production volumes that would require 

two of the assumed baseline production lines. The installed equipment provides energy savings by producing 

units at a lower energy intensity than the assumed baseline equipment simply due to its design and ability 

to produce more units per hour using less energy.  

Evaluated savings was estimated as the difference between an estimated standard practice production line 

and the installed production line energy intensities at the production volume of 56,580 units per day as 

found by the evaluator.  

Table 1 shows the overall evaluation results for this project. The primary drivers for the variance between 

the tracking analysis and evaluated savings are an overestimation of production line demand in both the 

existing and proposed cases, the volume of actual production, and the number of annual production days. 

This report provides details of the assumptions and methods used to produce the tracking and evaluated 

savings, plus a comparison of the key assumptions used in each analysis. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 768,680 474,020 61.7% 

% of Energy Savings on Peak N/A 47% N/A 

Summer On-Peak Demand (kW) 132.0 55.5 42.0% 

Winter On-Peak Demand (kW) 132.0 52.9 40.1% 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the tracking savings claimed 

for the project. The project went through the new construction program since the facility needed to purchase 

new equipment to meet the expected increase in production volume.   

Baseline 

Pre-existing equipment was used as a proxy to estimate the true baseline energy intensity. The proxy 

equipment was assumed to represent the site’s standard practice for new equipment.  The TA separated the 

components of the production line into three groups; process, conveyor, and fan. The TA appears to have 

used available name plate data (volts and amps) of existing equipment inside the facility as a proxy to 

calculate each component’s daily energy consumption. These values were summed together to calculate the 

existing line’s daily consumption of 3,571.48 kWh/day (equipment was assumed to operate 24 hrs/day, 300 

days per year or 7,200 hours annually). The existing production line was assumed to generate 39,000 units 

per day. These values resulted in a calculated existing production line intensity of 0.091576 kWh per unit.  

Baseline annual energy consumption was calculated using the calculated baseline energy intensity and the 

proposed production volume of 75,000 units per day. Baseline annual energy consumption was estimated to 

be 2,060,468 kWh.  Table 2 shows the key baseline parameter assumptions utilized in the tracking analysis. 

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Annual Operating Hours (hours) 7,200  Calculated by TA  
Production days times 

production hours per day 

Proxy Line Daily Energy (kWh/day) 3,571.48 Calculated by TA  

Proxy production volume, Units per Day 

(units/day) 
39,000 Provided by site Based upon historical data. 

Baseline Production Line Intensity (kWh/unit) 0.091576 Calculated by TA 
Used for baseline energy 

estimate. 

Expected production volume, Units per Day 

(units/day) 
75,000 Provided by site 

Matches Proposed Case, used 

for baseline energy estimate. 

Production days per year 300 Unknown  

Production Line Annual Energy (kWh) 2,060,468.7 Calculated by TA 
Based upon new production 

requirement 

 

Proposed Condition 

The TA analysis utilized the same methodology to determine the proposed condition annual energy 

consumption as described above for the baseline calculation. The proposed production line was estimated to 

operate the same amount of annual hours as the baseline, but at a 37.3% lower production intensity. Table 

3 shows the key proposed case parameter assumptions utilized in the tracking analysis.  
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Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) Source of Parameter Value Note 

Annual Operating Hours 7,200 Calculated by TA Same as baseline 

Proposed Line Daily Energy (kWh) 4,305.96 Calculated by TA  

Expected production volume, Units per Day (units) 75,000 Provided by the site  

Proposed Production Line Intensity (kWh/unit) 0.057413 Calculated by TA 62.7% of baseline 

Production days per year 300 Unknown Same as baseline 

Production Line Annual Energy (kWh) 1,291,788.32 Calculated by TA  

 

Tracking Calculation Methodology 

Tracking savings were calculated using an Excel spread sheet analysis. Annual hours of operation for the 

baseline and proposed cases were calculated assuming three – 8 hour shifts per day and 300 production 

days a year.  

𝐻𝑜𝑢𝑟𝑠 = 300 𝑥 24 = 7,200 

Where; 

𝐻𝑜𝑢𝑟𝑠 = 𝐴𝑛𝑛𝑢𝑎𝑙 ℎ𝑜𝑢𝑟𝑠 𝑜𝑓𝑜𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 

300 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑑𝑎𝑦𝑠 𝑝𝑒𝑟 𝑦𝑒𝑎𝑟 

 24 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 ℎ𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝑑𝑎𝑦 

The demand (kW) and energy consumption (kWh) of each production line component were determined 

based upon available name plate data. Component demand was calculated as: 

𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝐷𝑚𝑒𝑛𝑎𝑑 (𝑘𝑊) =
𝑉 𝑥 𝐴 𝑥 1.73 𝑥 𝑃𝐹

1000
 

Where; 

𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝐷𝑒𝑚𝑎𝑛𝑑 (𝑘𝑊) = 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑑𝑒𝑚𝑎𝑛𝑑 

𝑉 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 𝑣𝑜𝑙𝑡𝑎𝑔𝑒 

𝐴 = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 𝑎𝑚𝑝𝑒𝑟𝑎𝑔𝑒   

 1.73 = 𝑇ℎ𝑟𝑒𝑒 𝑝ℎ𝑎𝑠𝑒 𝑝𝑜𝑤𝑒𝑟 𝑎𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 =  √3 

 𝑃𝐹 =  𝑃𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟 = 0.8  

 

The daily energy consumed by each component was then calculated: 

𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝐷𝑎𝑖𝑙𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 (𝑘𝑊ℎ) = 𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝐷𝑒𝑚𝑎𝑛𝑑 (𝑘𝑊) 𝑥  (
𝑘𝑊ℎ𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒

𝑘𝑊𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒
) 

Where; 

𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝐷𝑎𝑖𝑙𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 (𝑘𝑊ℎ) = 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑒𝑛𝑒𝑟𝑔𝑦 
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𝐶𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝐷𝑒𝑚𝑎𝑛𝑑 (𝑘𝑊) = 𝐶𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡 𝑑𝑒𝑚𝑎𝑛𝑑  

𝑘𝑊𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 = 𝑁𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 𝐷𝑒𝑚𝑎𝑛𝑑  

𝑘𝑊ℎ𝑛𝑎𝑚𝑒𝑝𝑙𝑎𝑡𝑒 =  𝐸𝑛𝑒𝑟𝑔𝑦 𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 𝑏𝑎𝑠𝑒𝑑 𝑢𝑝𝑜𝑛 𝑛𝑎𝑚𝑒 𝑝𝑙𝑎𝑡𝑒 𝑖𝑛𝑓𝑜𝑟𝑚𝑎𝑡𝑖𝑜𝑛 (𝑣𝑜𝑙𝑡𝑠, 𝑎𝑚𝑝𝑠, 𝑝𝑜𝑤𝑒𝑟 𝑓𝑎𝑐𝑡𝑜𝑟) 

 

The component demand value was calculated by the QC vendor based on readings or estimates of the volts, 

amps, the √3, and an 80% load factor. 

The daily production line energy was calculated from the sum of all production line components.  This 

calculation was completed in two steps, first summing the components by type and then summing the 

component type subtotals. 

𝐿𝑖𝑛𝑒 𝐷𝑎𝑖𝑙𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 𝑘𝑊ℎ =  ∑ 𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑘𝑊ℎ + ∑ 𝐶𝑜𝑛𝑣𝑒𝑦𝑜𝑟𝑘𝑊ℎ  +  ∑ 𝐹𝑎𝑛𝑘𝑊ℎ 

Where; 

𝐿𝑖𝑛𝑒 𝐷𝑎𝑖𝑙𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 𝑘𝑊ℎ = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒 𝑝𝑒𝑟 𝑑𝑎𝑦  

𝑃𝑟𝑜𝑐𝑒𝑠𝑠𝑘𝑊ℎ = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒 𝑝𝑟𝑜𝑐𝑒𝑠𝑠 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠 𝑒𝑛𝑒𝑟𝑔𝑦 

𝐶𝑜𝑛𝑣𝑒𝑦𝑜𝑟𝑘𝑊ℎ = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒 𝑐𝑜𝑛𝑣𝑒𝑟𝑦𝑜𝑟 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡𝑠 𝑒𝑛𝑒𝑟𝑔𝑦 

𝐹𝑎𝑛𝑘𝑊ℎ = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒 𝑓𝑎𝑛 𝑒𝑛𝑒𝑟𝑔𝑦 

 

The production line energy use per day is then divided by the number of units the line can produce 

(assumed to be the design capacity) a day to generate energy usage intensity in per candle: 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐿𝑖𝑛𝑒 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑘𝑊ℎ
𝑈𝑛𝑖𝑡⁄ =  

𝐿𝑖𝑛𝑒 𝐷𝑎𝑖𝑙𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 𝑘𝑊ℎ

𝐷𝑎𝑖𝑙𝑦 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒
 

Where; 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐿𝑖𝑛𝑒 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑘𝑊ℎ
𝑈𝑛𝑖𝑡⁄ = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒𝑑 𝑡𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑒 𝑜𝑛𝑒 𝑢𝑛𝑖𝑡 

𝐿𝑖𝑛𝑒𝑘𝑊ℎ = 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒 𝑝𝑒𝑟 𝑑𝑎𝑦 

𝐷𝑎𝑖𝑙𝑦 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑛𝑑𝑙𝑒𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑝𝑒𝑟 𝑑𝑎𝑦 = 𝐸𝑞𝑢𝑖𝑝𝑚𝑒𝑛𝑡 𝐷𝑒𝑠𝑖𝑔𝑛 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦  

 

Annual energy consumption for each case was calculated by multiplying the Production Line Intensity, the 

expected future Daily Production Volume, and the number of production days per year: 

𝑘𝑊ℎ𝐴𝑛𝑛𝑢𝑎𝑙 =  𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐿𝑖𝑛𝑒 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑘𝑊ℎ
𝑢𝑛𝑖𝑡⁄  𝑥 𝐷𝑎𝑖𝑙𝑦 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒 𝑥 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐷𝑎𝑦𝑠 

Where; 

𝑘𝑊ℎ𝐴𝑛𝑛𝑢𝑎𝑙 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑙𝑖𝑛𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒 

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝐿𝑖𝑛𝑒 𝐼𝑛𝑡𝑒𝑛𝑠𝑖𝑡𝑦 𝑘𝑊ℎ
𝑈𝑛𝑖𝑡⁄ = 𝐸𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒𝑑 𝑡𝑜 𝑝𝑟𝑜𝑑𝑢𝑐𝑒 𝑜𝑛𝑒 𝑐𝑎𝑛𝑑𝑙𝑒 

𝐷𝑎𝑖𝑙𝑦 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑉𝑜𝑙𝑢𝑚𝑒 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑎𝑛𝑑𝑙𝑒𝑠 𝑝𝑟𝑜𝑑𝑢𝑐𝑒𝑑 𝑝𝑒𝑟 𝑑𝑎𝑦  

𝐷𝑎𝑦𝑠 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑑𝑎𝑦𝑠 = 300 
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Annual energy savings for this measure is the difference in annual kWh between the baseline and the 

proposed production line. 

𝑘𝑊ℎ𝑆𝑎𝑣𝑒𝑑 =  𝑘𝑊ℎ𝐴𝑛𝑛𝑢𝑎𝑙 𝐵𝑎𝑠𝑒 −  𝑘𝑊ℎ𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 

Where; 

𝑘𝑊ℎ𝑆𝑎𝑣𝑒𝑑 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 

𝑘𝑊ℎ𝐴𝑛𝑛𝑢𝑎𝑙 𝐵𝑎𝑠𝑒 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑒𝑛𝑒𝑟𝑔𝑦 

𝑘𝑊ℎ𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑝𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 

 

The calculation of on-peak demand savings was not provided in the project documentation received and 

could not be easily determined by the evaluation. 

Evaluator Assessment of Tracking Savings 

The TA appropriately estimated savings based on the energy required to produce each unit. However, the 

analysis did not correctly estimate motor load factor or equipment duty cycle.  The overall analysis could 

have also been improved in two ways: First, by considering if the daily energy consumption of any 

component of the production line is dependent on the number of units produced. Second, some amount of 

true power measurement should have been completed to verify the equipment demand estimated using the 

mechanical schedule. This measurement could have been completed on the proxy baseline equipment, the 

proposed equipment after installation, or both.  
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions that were used to estimate the evaluated 

savings for the project.  

Measure Verification 

The project measure was verified to document installation and operation of the production line. Table 4 

shows how each measure installation and operation was verified.  

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

New Production Line On-site visual verification 
Verified on-site as installed and 

operating 

Data Collection 

The evaluator visited the facility to install data logging equipment and ask key questions about facility 

operation. The evaluator monitored approximately 90% of the components of the new production line 8. 

Four Dent Elite Power loggers were used to monitor operation at different sub panels powering the line. Each 

logger captured a major part of production and sub components of the line. The tracking analysis broke 

down savings into three groups: process, conveyor and fans. However, the evaluation determined that the 

best course for monitoring was to monitor four different groups: fill line, fans, mid process and packaging. 

The fill line was responsible for filling the product and multiple conveyors, the fans were responsible for 

cooling the product, mid process was responsible for finalizing and moving the product to the final stages, 

and packaging was responsible for getting the product ready to ship. These four monitored groups captured 

the energy of the production line. However, there was a smaller panel with 11, 20 amp breakers and one, 

30 amp breaker that evaluators could not monitor. This unmonitored panel could not be definitively 

identified but it was dedicated to production.  

Un-monitored loads: Evaluators determined that 15 of the 57 fans operating in the line were not monitored 

and estimate that 10% of the rest the production line was unmonitored based on observation and discussion 

with the facility. The analysis section discusses how this estimate was used in the evaluation savings 

calculations.  

The following information was learned through interviews with facility personnel.  

 The installed production line has a capacity to produce just fewer than 36,000 units in a 12-hour 

shift with 28,800 being the target.  

 Facility production lines operate two, 12 hour shifts, seven days a week. There are nine site holidays 

when no production occurs. This results in 8,544 hours of production per year. 

 Equipment energy consumption is not weather dependent and there is no seasonal variation in 

production throughout the year. 

 The average production volume has been slightly higher than their target over the past 12 months 

and no new production changes are expected in the future.  

 No product was shifted to the installed production line. All production on the line is new.  
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 The installed line represents a new larger design. The site’s standard practice is to use smaller lines 

that are capable of producing 18,000 units per 12-hour shift, or 39,000 units daily. The evaluator 

observed these lines while at the facility but did not monitor them. These lines were used as the 

baseline by the TA. 

 The facility is on one electric meter but the production lines are powered through multiple sub panels 

that house different components of the line. Name plate data for the different components was 

accessible on some random pieces of equipment and when available this information was recorded.   

Evaluators installed Dent ELITEpro loggers to monitor energy consumption. Table 5 shows the data that 

were collected as part of this evaluation. Table 6 shows the data received by the evaluator.  

Table 5: Evaluation Data Collection – Installed Equipment 

Parameter / Panel Monitored 
M&V Equipment 

Brand and Model 

Metering 

Start/Stop Dates 

Metering  

Interval 

Mid Process Equipment Dent ELITEpro Logger Sep. 3 - Oct. 2, 2015 5 min 

Filling Equipment Dent ELITEpro Logger Sep. 3 - Oct. 2, 2015 5 min 

Cooling Fans Dent ELITEpro Logger Sep. 3 - Oct. 2, 2015 5 min 

Packaging Equipment Dent ELITEpro Logger Sep. 3 - Oct. 2, 2015 5 min 

 

Table 6: Evaluation Data Collection – Data Received 

Parameter Source Duration Interval 

Production Volume Site - Production Logs  Sep 3 – Oct 3 24 hours 

 

The charts that follow show the demand recorded during the monitoring period by each logger. The dips in 

operation throughout the figures around 9/7/15 are due to no production on the Labor Day holiday. The dip 

on 9/14/15 is due to reduced production. 

Figure 1: Installed Fan Operation 
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Figure 2: Installed Mid Process Operation 

 

 

Figure 3: Installed Fill Line Operation 

 

 

Figure 4: Installed Packaging Equipment Operation 
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Baseline Review 

Facility personnel reported that additional production capacity was needed at the time of the project. The 

facility uses custom equipment built specifically for the items produced. The facility also stated to the 

evaluators that the smaller production lines operating at the facility represent their standard production line 

configuration and that the new larger line installed represented something new and different for them at the 

time. The facility manager confirmed that two lines similar to the smaller lines could have been constructed 

to meet their current production volume. The equipment installed is custom to the facility and its production. 

The evaluation concludes that this project was correctly classified as new construction and agrees with the 

TA that the construction of two smaller production lines represents the standard practice baseline equipment. 

Evaluation Savings Analysis 

This section documents the analysis completed by the evaluation to estimate evaluated energy and demand 

savings. The final analysis uses an 8,760 spread sheet to calculate the energy and demand savings achieved 

by the project. The only inputs into this spread sheet are the evaluation estimate that every production hour 

saves 55.5 kW and the 8,544 hours when this savings occurs. The calculation of the demand savings value 

is described in details below. The 8,544 hours are based on the operating schedule provided during the 

interview. 

Installed Case Demand 

Installed case demand is estimated directly from the logger data for the loads monitored and estimated for 

the un-monitored loads. The total estimated production demand was split into the following load categories: 

 Monitored Fans: 42 fans directly monitored by the evaluation. Demand is calculated directly from the 

monitoring data. 

 Non-monitored Fans: 15 fans not monitored by the evaluation. Demand for these fans is estimated 

from the monitored fan data as: 

𝑁𝑜𝑛 − 𝑚𝑜𝑛𝑖𝑡𝑜𝑟𝑒𝑑 𝐹𝑎𝑛 𝐷𝑒𝑚𝑎𝑛𝑑 (𝑘𝑊) = 𝑀𝑜𝑛𝑖𝑡𝑜𝑟𝑒𝑑 𝐹𝑎𝑛 𝐷𝑒𝑚𝑎𝑛𝑑 (𝑘𝑊) 𝑥  (
15

42
) 

 Cooling pods: Long term monitoring of the cooling pods was not completed. The evaluation took 

spot measurements of the voltage and amperage serving the two types of pods installed. Total 

average cooling pod demand was estimated to be 5.13 kW during production. 

 PACKAGE: Packaging equipment monitored by the evaluation plus non-monitored packaging 

equipment. Demand is estimated at 120% of monitored demand to account for non-monitored loads. 

 MID: Middle of the line process equipment monitored by the evaluation plus non-monitored 

equipment. Demand is estimated at 120% of monitored demand to account for non-monitored loads. 

 FILL: Fill equipment monitored by the evaluation plus non-monitored fill equipment. Demand is 

estimated at 120% of monitored demand to account for non-monitored loads. 

While the evaluators believe 90% of the installed production line was captured in the monitoring data, the 

analysis assumes that only 80% of the packaging, process, and fill demand was captured. This percentage 

was increased due to the associated uncertainty. The final savings estimate is not particularly sensitive to 

this estimate, increasing this value from 10% to 20% for these three components increased the realization 

rate by 2.4%.  
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Figure 5 shows the installed demand for each component based on the average hourly production for each 

day.  From this chart and associated trend lines, the evaluation concluded that only the energy consumption 

of the Fill components varies with production and that all other component demand is constant.  

Figure 5: Installed demand vs. production 

 

 

The evaluation then estimated the production line demand at the observed average hourly production rate 

and at the production capacity rate. Production capacity rate is estimated based on the site interview data. 

Table 7 shows the estimated demand for these two scenarios. The fan demand is shown separately as its 

value proved critical in determining the baseline demand. The 3.2 kW difference in total demand between 

these two scenarios is attributed to the Fill components only. The 88.6 kW shown is the estimated total 

installed production line demand at the observed average hourly production volume. This production volume 

is assumed to be the normal average volume and the associated demand is used to estimate the energy 

savings achieved during each production hour. 

Table 7: Installed production line demand 

Production Scenario 
Hourly Production 

(units/hr.) 
Fan Demand 

(kW) 
Non-Fan Demand  

(kW) 

Total Production 
Demand 

(kW) 

Observed Average 2,358 55.7 32.9 88.6 

Production Capacity (36,000 / 12) 3,000 55.7 36.1 91.8 

Production Adjustment Ratio   100% 91% 97% 
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Table 8 compares the TA estimate of installed demand (based on the mechanical schedule) to the evaluation 

estimate of installed demand (based on metered demand). The first row in this table is the production 

capacity row in the table above. The evaluation estimate for demand at production capacity is used for this 

comparison since it is the maximum demand estimate possible based on the metering data. The table shows 

that while the estimates of fan demand are almost equal, the estimates of non-fan demand are very 

different. The evaluation concludes that estimating production line demand based on the mechanical 

schedule significantly overestimated the average operating demand for non-fan components. The evaluation 

believes this is due to not all components operating for all 60 minutes of a production hour and likely 

oversizing of motors serving specific equipment loads. The duty cycles and load factors associated with the 

non-fan equipment are therefore significantly is less than 100% and less than estimated by the TA. 

Table 8: Comparison of installed production line demand at production capacity 

Analysis 
Fan Demand  

(kW) 
Non-Fan Demand  

(kW) 

Total Production 
Demand  

(kW) 

Evaluation Analysis - monitoring + 20% assumption 55.7 36.1 91.8 

Tracking Analysis - mechanical schedule based estimate  57.6 133.3 190.9 

Ratio: Evaluation/TA 97% 27% 48% 

 

Baseline Case Demand  

Estimating the average baseline demand for this project was a significant challenge for this site evaluation 

due to the difference between the installed demand estimated by the TA and the installed demand 

monitored by the evaluator. This demand difference shows that either the TA’s method for estimating 

demand was incorrect, the as found operation is different than originally anticipated, or the new equipment 

operates significantly more efficiently than originally anticipated. For this project, the TA used the same 

methodology to estimate baseline and proposed consumption and the actual production line components are 

not significantly different between the baseline and installed equipment.  The evaluation concluded that the 

methodology used by the TA to estimate consumption was incorrect. The evaluator believes that the TA 

overestimated the consumption of some production line components in two ways. First, the TA assumed that 

almost all components would operate with no duty cycle, while the evaluator observed equipment cycling on 

and off during the production cycle. Second, the evaluator believes the motors operating certain components 

are oversized so the use of the motor size to estimate demand did not reflect the part loading and resulted 

in an overestimate. 

The basic evaluation methodology for estimating baseline production demand is the assumption that the 

ratio of the evaluated demand to the TA estimated demand is the same for baseline and installed cases. The 

ratios shown in Table 8 above are therefore used to estimate baseline demand. 

Fans 

The evaluation separated out fans from the rest of the production line components since the comparison of 

evaluation monitored data to project documentation suggests that the TA calculation for installed fan energy 

were accurate. Table 9 shows the calculation of evaluation baseline fan demand.  
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Table 9: Baseline fan demand calculation, full capacity 

Parameter Source Value Notes 

Installed Fan Demand (kW) 

TA 57.6   

Evaluation 55.7   

Evaluation/TA Ratio 97% (55.7 / 57.6) 

        

Baseline Fan Demand (kW) 
TA 41.4   

Evaluation 40.0 97% * 41.4 

 

Non-fans 

The same process was followed for the non-fan demand estimation. The TA values are the sum of the 

process and conveyor demand estimates. The evaluation value is the estimated installed demand for all non-

fan loads at production capacity (Table 7). Since the evaluation used multiple assumptions to estimate the 

installed non-fan demand, the baseline process and conveyor demand is dependent on these assumptions. 

For example, if the non-monitor loads are assumed to be smaller, then the ratio shown is smaller and the 

savings achieved by these components would be smaller. 

Table 10: Baseline non-fan demand calculation, full capacity 

Parameter Source Value Notes 

Installed Non-fan Demand (kW) 

TA 133.3   

Evaluation 36.1   

Evaluation/TA Ratio 27% (36.1 / 133.3) 

        

Baseline Non-fan Demand (kW) 
TA 129.8   

Evaluation 35.1 27% * 129.8 

 

Total baseline demand 

Matching the installed case calculation, the baseline demand at normal production volume was estimated as 

100% of fan demand at capacity and 91% of the non-fan demand at capacity. The evaluator believes using 

the same 91% adjustment is reasonable since the baseline production lines would have been operating at 73% 

capacity compared to the installed production line’s 79% capacity. The total evaluation baseline equipment 

demand is double the sum of the fan and non-fan demands estimated since two production lines are 

required in the baseline. Total evaluated baseline production demand was calculated to 144.0 kW. The top 

section of Table 11 shows the calculation of baseline demand. The bottom section shows the calculation of 

annual energy savings using. An 8760 spreadsheet was used to determine that 47% of the energy savings 

are occurring during on-peak energy hours. The winter on-peak demand savings is less than the summer 

demand savings since one of the site’s nine production holidays is expected to occur during a winter peak 

day. 
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Table 11: Evaluated annual energy savings calculation 

Baseline Demand Estimate 
At Production  

Capacity 
Adjustment 

At Normal 
Volume 

Non-Fan Demand (kW) 35.1 91% 32.0 

Fan Demand (kW) 40.0 100% 40.0 

Total Demand per line (kW) 75.1   72.0 

# of production lines     2.0 

Total baseline demand (kW)     144.0 

Total installed demand (kW)     88.6 

Avg. Demand Savings (kW)      55.5 

Annual Operating Hours     8,544 

Annual Energy Savings (kWh)     474,020 

Percent of energy saved on-peak   47% 

Summer on-peak demand savings (kW)   55.5 

Winter on-peak demand savings (kW)   52.9 

 

The evaluation team recognizes the higher level of uncertainty than desired in the estimation of baseline 

demand. The objective throughout this analysis was to develop a defensible estimate of energy savings 

based on the data collected and reasonable assumptions. Evaluators assumed at the beginning of this study 

that the TAs estimate of operating demand would be close to the monitored demand and that any required 

adjustments would be small. Unfortunately, this assumption proved to be incorrect and unanticipated 

uncertainty was introduced. The evaluation team believes the assumptions and adjustments made in the 

analysis were reasonable and the methodology used was appropriate.   
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above. Table 12 shows the 

evaluation results. 

Table 12: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

New Line 8 

Production 

Electric energy (kWh) 768,680 474,020 61.7% 

% of Energy Savings on Peak N/A 47% N/A 

Summer On-Peak Demand (kW) 132.0 55.5 42.0% 

Winter On-Peak Demand (kW) 132.0 52.9 40.1% 

 

Comparison of Assumptions 

The evaluated results are based on the data collected through an interview, the average production volume 

observed, the monitoring data collected, and assumptions regarding non-monitored loads. The tracking 

analysis was based on an estimated production volume and an equipment demand estimated developed 

from the mechanical schedule.  Table 13 compares the values of key parameters between the tracking and 

evaluation analyses. 

Table 13: Comparison of Key Parameters 

  BASELINE PROPOSED / INSTALLED 

Parameter 
Tracking Evaluation Tracking Evaluation 

Value(s) Value(s) Value(s) Value(s) 

Production Line Intensity (kWh/unit) 0.0916 0.0611 0.0574 0.0376 

Proposed production volume, Units per Day (units) 75,000 56,580 75,000 56,580 

Production days per year 300 356 300 356 

Annual Operating Hours (24 hrs / Production day) 7,200 8,544 7,200 8,544 

Discrepancy Analysis 

The major discrepancies between the tracking and the evaluation come from the amount of energy needed 

to produce one unit, the volume of production, and the number of annual production days. Table 14 

summarizes the discrepancies between the tracking and evaluation savings estimates and the savings 

impact.  

Table 14: Discrepancy Summary 

Parameter 
Tracking Evaluation Difference Savings 

Value(s) Value(s) in values Impact (kWh) 

Production Line Intensity Savings (kWh/unit) 0.03416 0.02353 -0.01063 -239,181 

Production volume, Units per Day (units) 75,000 56,580 -18,420 -130,045 

Production days per year 300 356 56 74,565 

Total Savings Variance (kWh)       -294,660 
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Improvement Opportunities 

There key program improvement opportunity identified from this study is the need to collect true demand 

readings on the proxy baseline or installed equipment before finalizing project savings, especially for large 

complex projects in the custom portfolio. Collection of this data should have identified the large difference 

between the mechanical schedule based estimate of consumption and the actual consumption of the 

equipment involved. 

Future evaluation projects need to identify and communicate issues early. A mechanism in the evaluation 

project should exist to adjust the M&V plan after the data collected has been reviewed, especially when a 

large discrepancy between expectation and reality has been identified. In this case the difference between 

actual and expected installed production line consumption was not known until after the evaluation installed 

loggers where retrieved and the data was reviewed. 
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PROJECT DESCRIPTION 

This report discusses the evaluation of a new construction project that installed a new 110-ton, all-electric 

injection molding machine (IMM).  The installed IMM was assumed to operate 512 fewer hours annually and 

estimated to save 97,942 kWh per year versus a comparable fully hydraulic injection molding machine. 

Savings for the project were expected to result from the higher efficiency, reduced scrap rates, and 

eliminated hydraulic oil cooling.  

The evaluator spoke with the site on 5/9/16 and 7/14/16. The evaluation also spoke with the equipment 

manufacturer. These discussions revealed the following: 

 The machine was primarily bought to fulfill purchase orders for medical parts and is currently in the 

process of validating each mold and part that the machine will be manufacturing. No production of these 

parts has occurred since the machine was purchased. Production is currently expected for the fall 2016. 

The site contact confirmed that an all-electric machine is required to meet the specifications of parts to 

be produced. A hybrid or fully-hydraulic machine cannot meet the product specifications. 

 It is hoped that additional orders will occur in the future to maximize the machine’s utilization. The site 

contact anticipates using the machine to produce any products that require over-molding, which may 

include parts that do not require an electric machine.  However, no additional orders have been received 

or are projected at this time.  

 Most machines purchased by this site are Niigata machines as the company prefers Niigata machines. 

Niigata only offers one line of all-electric machines in any year. Manufactures choose the machine based 

on the required clamping force. Niigata only makes hydraulic machines for custom orders. No hydraulic 

machines are stocked in the United States. 

The evaluation concludes that the machine installed is equivalent to the standard practice for this customer 

and no energy or demand savings are being achieved by this project. This customer’s practice of purchasing 

all-electric machines to make parts of the medical industry aligns with purchasing practices at other facilities 

in Massachusetts and information gathered through interviews of equipment manufacturers. Table 1 shows 

the overall evaluation results for this project.  

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 97,942 0 0% 

% of Energy Savings on Peak Unknown 0% 0% 

Summer On-Peak Demand (kW) 15.01 0 0% 

Winter On-Peak Demand (kW) 15.01 0 0% 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project.  

Baseline 

The project assumed a baseline installation of a hydraulic Niigata NN-110 IMM. The tracking analysis was 

performed in an Excel spreadsheet. It utilized the machines’ product information page to determine cycle 

time and cycle power. The system’s cycle times, cycle peak kW, scrap rate, and size were also sourced from 

the machines’ product information page. This information was used to determine a weighted average kW for 

one complete cycle. The required process cooling was calculated assuming a cooling tower efficiency of 0.25 

kWh/ton. Table 2 shows the key baseline parameter assumptions utilized in the tracking analysis for the 

measure.  

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) 
Source of 

Parameter Value 
Notes 

Machine Model Niigata NN-110 Vendor 

Niigata no longer manufactures hydraulic machines. In 

talking with Niigata support, the NN-110 series machine 

has not been produced for about 20 years. The program 

used this machine as a proxy to represent the baseline 

machine. 

Nominal Tons 110 tons  
Assumed to be used in order to align with proposed 

machine size. 

Annual Operating 

Hours 
6,000 hours Unknown 

This is an input to the calculations. Value is not 

substantiated in the documentation received.   

Time-Weighted 

Average kW per 

Cycle  

17.67 kW Calculated 

This value is calculated based on standard program 

administrator assumptions and machine specific 

assumptions provided by the vendor.   

Machine Scrap 

Rate 
4.5% Unknown 

This is an input to the calculations. Value is not 

substantiated in the documentation received. 

Process Cooling 

tower Efficiency 
0.25 kWh/ton Unknown 

This is an input to the calculations. Value is not 

substantiated in the documentation received. 

Proposed Condition 

The proposed was an all-electric Niigata MD-110 IMM. The proposed case saved energy by reducing the 

power consumption per cycle, scrap rate, and oil cooling over the fully-hydraulic baseline IMM. The proposed 

system was the same size as the baseline condition. The proposed and baseline operating hours were 

normalized to the baseline production by using the machine’s operating hours. The reduction in proposed 

annual operating hours was due to the difference in machine scrap rate and total cycle time. The time-

weighted average kW per cycle was determined in the same way as in the baseline condition. Table 3 shows 

the key proposed case parameter assumptions utilized in the tracking analysis for the measure. 
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Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of 

Parameter Value 
Notes 

Machine Model Niigata MD-110 N/A Proposed machine model number 

Nominal Tons 110 Tons N/A Rated tonnage of proposed machine 

Annual Operating 

Hours 
5,488 hours Calculated 

Determined as a function of the difference in machine 

scrap rate from baseline. 

Time-Weighted 

Average kW per 

Cycle 

2.65 kW Tracking Analysis 

This value is calculated based on assumptions the 

evaluation assumes are standard program assumptions 

and machine specific assumptions provided by the 

vendor.   

Machine Scrap 

Rate 
2.0% Unknown 

This is an input to the calculations. Value is not 

substantiated in the documentation received. 

Process Cooling 

tower Efficiency 
N/A  No hydraulic oil exists in the proposed case. 

Tracking Calculation Methodology 

The tracking savings estimate was calculated using spreadsheet analysis based on the time-weighted 

average kW per cycle and assumed process cooling tower efficiency. The annual savings was calculated by 

taking the difference between the proposed energy usage and baseline energy usage.  

𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = 𝑘𝑊ℎ𝐼𝑀𝑀 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒− 𝑘𝑊ℎ𝐼𝑀𝑀 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 + 𝑘𝑊ℎ𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑂𝑖𝑙 𝐶𝑜𝑜𝑙𝑒𝑟 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 

The IMM kWh for both the proposed and baseline case were calculated by taking the product of the time-

weighted average kW per cycle of each machine. The baseline annual operating hours was assumed to be 

6,240 hours. The operating hours for the proposed case was calculated separately as a function of the scrap 

rate.  

𝐴𝑛𝑛𝑢𝑎𝑙 𝑘𝑊ℎ = 𝑇𝑖𝑚𝑒 𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑘𝑊 𝑓𝑜𝑟 𝐶𝑦𝑐𝑙𝑒 ∗ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠 

The weighted-average cycle power was calculated as the product of the kW and time of each cycle 

component. There were six cycle components included in the analysis. Each component had a specified run 

time in seconds and a percent of peak kW. The sum of the component times is the total cycle time. It is not 

clear from the documentation how the assumptions for the cycle time, peak kW, and % of peak kW for each 

component were made. However, the % of peak kW assumptions are consistent with other IMM projects 

completed by this PA. Average cycle power is the time weighted sum of the component powers. 

𝑇𝑖𝑚𝑒 𝑊𝑒𝑖𝑔ℎ𝑡𝑒𝑑 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑘𝑊 𝑓𝑜𝑟 𝐶𝑦𝑐𝑙𝑒 =  ∑
𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 ∗ 𝑃𝑒𝑎𝑘 𝑘𝑊 ∗ % 𝑜𝑓 𝑃𝑒𝑎𝑘 𝑘𝑊𝐶𝑦𝑐𝑙𝑒  

𝑇𝑜𝑡𝑎𝑙 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒
𝐶𝑦𝑐𝑙𝑒

 

The annual operating hours for the proposed case was calculated as a function of the baseline annual 

operating hours (6,000 hours) and difference in scrap rate. Because the scrap rate for the proposed case is 

lower than that of the baseline, it takes fewer operating hours to produce the same volume of the final 

product. The total cycle time for both the baseline and proposed case was assumed to be the same. It is not 

clear from the documentation how the scrap rate and cycle time assumptions were made.  

𝐴𝑛𝑛𝑢𝑎𝑙 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 =  6,000 ℎ𝑜𝑢𝑟𝑠 ∗
1 − 𝑆𝑐𝑟𝑎𝑝 𝑅𝑎𝑡𝑒𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒

1 − 𝑆𝑐𝑟𝑎𝑝 𝑅𝑎𝑡𝑒𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑
 

http://www.dnvgl.com/
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The hydraulic oil cooler savings was calculated by taking the product of the process cooling tower efficiency 

and savings from the cycle components (IMMs). A process cooling tower efficiency of 0.25 was assumed. It 

is not clear from the documentation how this assumption was made.  

𝑘𝑊ℎ𝐻𝑦𝑑𝑟𝑎𝑢𝑙𝑖𝑐 𝑂𝑖𝑙 𝐶𝑜𝑜𝑙𝑒𝑟 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =  𝑘𝑊ℎ𝐼𝑀𝑀 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 − 𝑘𝑊ℎ𝐼𝑀𝑀 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒  ∗  
3,412

𝐵𝑡𝑢

ℎ𝑟
/𝑘𝑊ℎ

12,000 𝑇𝑜𝑛−ℎ𝑟𝑠
𝐵𝑡𝑢/ℎ𝑟⁄

 ∗ 𝑃𝑟𝑜𝑐𝑒𝑠𝑠 𝐶ℎ𝑖𝑙𝑙𝑒𝑟 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦  

Evaluator Assessment of Tracking Savings 

The evaluation has identified the following concerns with the tracking analysis at this time: 

 The baseline machine assumed by the TA was a theoretical proxy not available for purchase at the 

time. Niigata has not actively manufactured and stocked hydraulic machines for use in the United 

States since the 1990’s1. The NN-110 series, in particular, has not been produced for about 20 years. 

Niigata also only produces one line of IMMs at any given time, an all-electric IMM, so there are no 

models that are more or less efficient than the one purchased. The evaluation confirmed this by 

speaking with Niigata support. Both the performance and the cost of this baseline machine were 

provided by Niigata. In the future, the program should define a baseline machine that is available for 

purchase and either monitor a similar proxy machine or receive a performance estimate from the 

baseline machine’s manufacturer for a part expected to be produced. If the program had taken this 

step for this project, they would have learned that a limited number of machine types could meet 

the part’s specification. Additionally, use of a machine cost from a vendor that does not actually sell 

the equipment opens the program to the risk that it isn’t correctly accounting for the project’s 

incremental cost.    

 The TA study assumed the IMM produced the same product for the full year in the savings 

calculations. In this case, the site wants to produce multiple parts on the machine, but hasn’t 

received orders to do so yet. Changes in the product can impact the energy savings achieved by a 

machine installation and therefore the program should attempt to estimate savings based on an 

assumed mix of future production.  

 The documentation received does not include the calculations completed to estimate winter and 

summer peak demand reduction. These calculations should be included with custom project 

documentation. 

  

                                                
1 “Having discontinued manufacture of hydraulic based machines in the late 1990's, NIIGATA focuses solely on providing the all-electric market with 

the industry's most reliable, fully servo driven IMM, built to unwavering Japanese quality standards.” Source: http://www.niigata-us.com/about-

niigata.php 

http://www.dnvgl.com/
http://www.niigata-us.com/about-niigata.php
http://www.niigata-us.com/about-niigata.php
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the Evaluated savings for the 

project. 

Measure Verification 
The project measure was verified via the telephone. Table 4 shows how each measure will be verified to be 

installed and operating.  

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

Niigata MD-110  
Phone interview of site 

contact. 

The incentive equipment is installed, but not operating. Initial 

production is currently anticipated for the second half of 2016 

and is dependent on approval of the mold. 

Data Collection 

DNV GL interviewed the company COO/Chairman (site contact) on 5/9/16 and 7/14/16. All data used in this 

evaluation was collected during these two phone interviews.  Based on these interviews, the evaluation 

determined that no additional data collection was necessary. The following information was gathered: 

 The machine was primarily bought to fulfill purchase orders for medical parts and is currently in the 

process of validating each mold and part that the machine will be manufacturing. No production of these 

parts has occurred since the machine was purchased. Production is currently expected for the fall 2016. 

The site contact confirmed that an all-electric machine is required to meet the specifications of parts to 

be produced. A hybrid or fully-hydraulic machine cannot meet the product specifications. 

 It is hoped that additional orders will occur in the future to maximize the machine’s utilization. The site 

contact anticipates using the machine to produce any products that require overmolding, which may 

include parts that do not require an electric machine.  However, no additional orders have been received 

or are projected at this time.  

 Most machines purchased by this site are Niigata machines as the company prefers Niigata machines. 

Evaluation Savings Analysis 

No energy analysis was completed for this evaluation.  

Based on the information gathered during the phone interviews the evaluation concludes that the installation 

of an all-electric machine to make specific medical parts represents the standard practice for this customer 

and the machine installed is the least efficient option considered. The evaluation finds no performance 

difference between the baseline and installed machine, therefore concluding that the project does not save 

energy or demand.   

This conclusion aligns with information gathered at other facilities in Massachusetts through this study and 

through the IMM Market Baseline Study.  There is sufficient evidence to conclude that the installation of an 

all-electric machine to make specific medical parts represents the industry standard practice.  

  

http://www.dnvgl.com/
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 5 summarizes 

evaluation results by measure and project. 

Table 5: Project Results  

Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Electric energy (kWh) 97,942 0 0% 

% of Energy Savings on Peak Unknown 0% 0% 

Summer On-Peak Demand (kW) 15.01 0 0% 

Winter On-Peak Demand (kW) 15.01 0 0% 

Discrepancy Analysis 

Table 6 summarizes the key drivers of the discrepancies between the tracking and evaluation savings 

estimates.  

Table 6: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Baseline Equipment 

Performance 

The program assumed a baseline machine type of 

hydraulic. The evaluation concludes that the 

installed equipment is equal to standard practice.   

This evaluation concludes that no energy 

savings are being achieved by the 

completion of this project. 

 

Improvement Opportunities 

The following improvement opportunities were identified: 

1. The program should confirm that the baseline machine assumed is capable of meeting the specifications 

of the expected parts. If cases occur when medical parts can be made on alternative type machines, the 

program should document why all-electric is not standard practice for the installation. 

2. The program should attempt to receive cost estimates from alternative vendors if the vendor of the 

proposed equipment does normally manufacture or sell the baseline equipment. This step should help 

the program: identify if the potential for freeridership is high, determine accurate incremental measure 

costs, and confirm that the baseline equipment is a viable option.  However, taking this step does 

require additional effort and will not eliminate these risks entirely. 

http://www.dnvgl.com/
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 EVERSOURCE 15 

Program Administrator Eversource 

Project ID(s) WC130030 

Project Type New Construction 

Program Year 2013 

Evaluation Firm DMI 

Evaluation Engineer Emily Shackleton  

Senior Engineer Mickey Bush 

SUMMARY 

A 35,000 square foot precision injection molding facility installed three new desiccant dryers to remove 

moisture from the plastic resin used in injection molding.  This equipment was installed in order to expand 

the facility’s production capacity.  The baseline technology assumed by the program was the installation of 

IMS 10-Tray Heavy-duty Convection Oven dryers with the same drying capacity. 

The evaluation found that the customer and industry standard practice for the purchase of new dryers was 

to purchase a desiccant dryer with the same features as the installed unit; therefore, the evaluation 

concludes that no energy or demand savings are being achieved by this project.   

Desiccant dryers were determined to be customer standard practice because they have not purchased 

alternative drying technologies since at least 2005; they have only used desiccant dryers since 2010; and, 

they have an internal policy to purchase desiccant dryers when a new unit is required. 

Industry standard practice was determined based on discussions with the tray oven vendor and secondary 

research conducted by the evaluator.  The vendor sells fewer than ten convection ovens per year (out of 

thousands of dryers sold), and most of these ovens are sold in combination with a desiccant dryer system.  

Furthermore, the vendor would not recommend using tray ovens on their own for drying.  Secondary 

research suggests that convection drying was no longer a standard practice in the plastics processing 

industry.  None of the secondary sources reviewed recommended tray ovens for hygroscopic resin drying. 

Table 1 shows the overall evaluation results for this project.  

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 39,774 0 0% 

% of Energy Savings on Peak Unknown 0% 0% 

Summer On-Peak Demand (kW) 4.74 0 0% 

Winter On-Peak Demand (kW) 4.74 0 0% 
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PROJECT DESCRIPTION 

A 35,000 square foot precision injection molding facility installed three new high efficiency desiccant dryers 

to remove moisture from the plastic resin used in injection molding.  Each of the three machines installed 

has a nominal drying capacity of 10 lbs/hr.  This equipment was installed in order to expand the facility’s 

production capacity.  The baseline technology assumed by the program was the installation of IMS 10-Tray 

Heavy-duty Convection Oven dryers with the same drying capacity.  Project documentation lists the new 

dryers as model Dri-Air MPD-15D; however, the evaluation observed them to be Dri-Air MPD-30D.  The TA 

calculations correctly assume the drying capacity of the installed machines, 10 lbs/hr.1      

Desiccant dryers utilize hot, dry air to eliminate moisture from the plastic resin.  In a desiccant dryer, air is 

first passed through a hygroscopic material to absorb moisture from the process air.  Next, the dry air is 

heated, which raises the dew point of the process air so that it can take on more moisture.  The air is then 

blown into the bottom of the drying hopper, where the heat helps to break the bond between the water 

molecules and the plastic resin, and the moisture differential between the resin and the dry air causes the 

water molecules to diffuse from the pellets to the process air.  After this, the moist air is blown back through 

the desiccant, and the drying cycle continues.   

When the desiccant moisture level reaches a certain threshold, the moisture must be removed through the 

‘regeneration’ process.  During regeneration, heat is applied to the desiccant in order to remove the 

moisture until it is adequately dried.  The installed dryers are equipped with two desiccant beds to allow one 

bed to be regenerated as the other is utilized in the drying process.  A diagram of a dual-bed desiccant 

drying cycle is displayed in Figure 1. 

Figure 1 - Dual-bed Desiccant Drying Cycle 

 

Convection ovens use heat only to remove moisture from the plastic resin, without utilizing forced airflow to 

help dry the material.  This method of resin drying requires more heat and is more energy intensive than 

drying with a desiccant dryer.  

                                                
1 Product specifications: http://www.dri-air.com/wp-content/uploads/2015/03/MiniPDdryer_Desiccant.pdf 

http://www.dri-air.com/wp-content/uploads/2015/03/MiniPDdryer_Desiccant.pdf


WC130030           Page 3 

 

 

 

  

TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project. 

Baseline 

In the base case, three heavy duty convection ovens are installed for use in the resin drying process.  Each 

of these machines is assumed to operate at an average 2 kW input power, for a total of 8,400 annual 

operating hours. 

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) Source of Parameter Value Note 

Oven Quantity 3 units Vendor estimates   

Average Oven Demand 2 kW Vendor estimates   

Operating Hours 8,400 hours Vendor estimates   

Proposed Condition 

In the proposed case, three portable desiccant dryers are installed.  Each dryer operates at an average 

0.42 kW electric demand, for a total of 8,400 annual operating hours. 

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) Source of Parameter Value Note 

Dryer Quantity 3 units Site    

Average Dryer Demand 0.42 kW Metered data   

Operating Hours 8,400 hours Vendor estimates   

Tracking Calculation Methodology 

A spreadsheet analysis was performed to calculate savings for this measure.  The proposed case demand 

was estimated based on an average input power of 0.42 kW metered over a period of 4.89 hours for one of 

the proposed case dryers. 

Figure 1: Installed Case Metering on 7/31/2012 
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The 2 kW base case demand was modeled based on estimates provided by the proposed case vendor.  

Based on the vendor’s estimates, the base and proposed case dryers would each operate with the same 

drying capacity (10 lbs/hr).  Savings were calculated based on the estimated equipment demand and the 

estimated annual operating hours. 

Demand savings, 4.74 kW = Equipment quantity, 3 units × (Base case demand, 2 kW - Proposed case 

demand, 0.42 kW) 

Annual energy savings, 39,774 kWh = Demand savings, 4.74 kW × Annual operating hours, 8,400 hours 

The basis for the assumed 8,400 annual operating hours was not provided.  The estimated hours were a 

direct input in the savings analysis spreadsheet.   

The percent on-peak savings calculations were not included in the tracking calculation spreadsheet.  The 

summer and winter peak demands were assumed to be equivalent to the calculated demand savings value.  
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the evaluated savings for the 

project. 

Measure Verification 

The project measure was verified via the telephone. Table 5 shows the results of measure verification.  

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

High Efficiency Dryer Installation, 
Model MPD-15D 

Visual observation during 
the site visit. 

Equipment was observed to be installed and 
operating.  However, actual installed equipment is a 
larger model than listed in project documentation.  
Actual model is: MPD-30D. While the model number 
is different than the tracking study, the drying 
capacity of installed equipment matches the value 
listed in the tracking analysis 

Data Collection 

The evaluation visited the site and interviewed the site contact on 5/11/16. After the site visit, secondary 

research was completed by the evaluation based on the information received.  A follow up conversation with 

the site took place on 10/13/16. This section documents all information gathered for this evaluation. 

On-Site Data Collection 

During the data collection site visit, one of the three installed case resin dryers was operating at a 225°F 

process temperature.  The evaluation metered the input power for this unit for a total of 7 minutes 49 

seconds using a Yokogawa temporary power meter.  Because the dryers are portable, it was not possible to 

meter the long-term input power for each unit at the electrical panel as stated in the M&V Plan.  

The evaluation was unable to collect production data as planned.  The site does not collect production data 

for the resin dryers.  Since the dryers are portable, they serve multiple machines and the facility does not 

track which dryer is serving which machine.  The site did report that they do not experience seasonal 

variation in production and they do not have scheduled plant shutdown. 

As stated above, the equipment model number was incorrectly listed in the tracking analysis.  Most of the 

tracking analysis documentation lists MPD-15D as the installed case dryer model number.  Based on 

nameplate information collected during the site visit, the site installed three MPD-30D desiccant dryers.  This 

is consistent with the dryer capacity assumed in the tracking analysis calculations and listed by the vendor. 

Customer Interview 

The following information on the customer’s dryer purchasing history was gathered during through an 

interview of facility personnel. 

 The site estimated that their first purchase of a desiccant dryer was in 2005 and their last purchase of 

convection oven dryers was prior to 2005. 

 Prior to 2010, the customer utilized a mixture of convection ovens and desiccant dryers for the resin 

drying process.    
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 When the company relocated in 2010, they made the full transition from convection tray oven dryers to 

desiccant dryers.  The site contact estimated that they were at 30% desiccant and 70% convention prior 

to the move. The switch from convection to desiccant was not necessarily a 1 for 1 replacement but, in 

order to meet their total drying capacity, the site approximates that 6 or 7 new desiccant units were 

purchased. 

 Between the move to their current facility in 2010, and the purchase of the three dryers supported by 

this application in 2013, the site did not purchase any new dryers. 

 Since the relocation to the current facility, the site has not used convection tray dryers for the purpose 

of resin drying and it has been their policy to purchase desiccant dryers whenever additional dryers are 

needed.  

 Currently, only one convection oven remains, which is occasionally utilized for annealing parts, but not 

for resin drying. 

The impact of the Program Administrators’ incentive program on the site’s internal policy to purchase 

desiccant dryers was discussed with the site contact.  In general the site contact reported that they have 

received incentives from the Program Administrator when purchasing multiple desiccant dryers, but they did 

not pursue incentives when replacing a single dryer at a time. The site has purchased several new desiccant 

dryers since 2013, but each case has been a single dryer purchase; therefore, they did not pursue incentives 

from the Program Administrators for each purchase. The specific answers to the questions on the impact of 

the incentive program are presented below. 

 Question: Please rate the influence of incentives on your decision to fully transition to desiccant dryers in 

2010, 1 = no influence, 5 = significant influence 

o Site Response: 3 or 4 

 Question: Please rate the influence of WMECO and/or incentives on your decision to set a policy to 

purchase only desiccant dryers, 1 = no influence, 5 = significant influence 

o Site Response: 2 

 Question: Please rate the influence of incentives on your decision to purchase desiccant dryers in 2013, 

1 = no influence, 5 = significant influence 

o Site Response: 2 or 3 At this point they are sticking to what they have technology wise. 

 Question: Do you think the policy for desiccant dryer purchases would have existed in 2013 if incentives 

weren’t provided in 2010? Why? 

o Site Response: Incentives are seen as reinforcement that purchasing desiccant dryers is a good 

idea. 

The site contact stated that, in addition to saving energy, desiccant dryers have the following advantages 

over convection tray ovens for the purpose of hygroscopic resin drying: 

 Convection ovens dry larger batches and may include different materials in each tray.  If more than one 

material type is being dried, because it is all dried at the same temperature, there is a risk in over-

drying some materials, which can lead to discoloration of the material and final product. 
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 Desiccant dryers include temperature control and are able to dry at lower temperatures.  This also 

reduces the risk of over-drying the material and saves energy. 

 Desiccant dryers include timer control so that drying can commence prior to building occupancy.  Tray 

dryers would typically operate throughout the night because of the slower drying rate. 

 The installed case dryers are portable. This enables the machines to serve whichever injection molding 

machine is currently in use.  The base case tray dryers require manual transfer of the plastic resin to 

each IMM.  

Tray Oven Vendor Discussion 

The evaluator interviewed the vendor of the base case equipment listed in the tracking analysis.  According 

to the vendor, because of humidity requirements, a plastics processor would not utilize a tray oven dryer 

alone for resin drying; it is possible to use a tray oven dryer in combination with a desiccant dryer for drying, 

but this is not typical.  When asked about alternatives to the proposed case dryers, the (base case) vendor 

recommended alternative desiccant dryer selections.  When asked about alternative drying technologies, the 

vendor mentioned vacuum dryers and compressed air dryers, but noted that these dryer options are less 

popular and in many cases more expensive. 

According to the base case vendor, the company sells fewer than ten convection ovens per year (out of 

thousands of dryers sold), and most of these ovens are sold in combination with a desiccant dryer system.  

For the ovens which are not paired with desiccant dryers, the vendor noted that it is likely that they are not 

used for drying, but for an alternative plastic manufacturing process (such as curing). 

Desiccant Dryer Vendor Discussion 

The evaluator interviewed the desiccant dryer vendor to determine if there are add-on features to the 

installed case dryers that would allow for a different base case option than the tray ovens. The only optional 

feature that the installed case machines implement is ‘temperature setback’ control.  When asked whether 

this option offers any energy performance improvements, the vendor claimed that it does.  However, this 

option is implemented for quality assurance purposes, in order to avoid over-drying the materials (which 

causes brittleness and discoloration of the resin). According to secondary research, the more efficient 

method to avoid over-drying is to modulate the process airflow, rather than the drying temperature2.  

Because additional controls are required to avoid over-drying of the material, and the controls implemented 

in the installed case do not offer improved energy performance over the alternative options, it does not 

appear that the installed case machines include any advanced control strategies which result in increased 

energy savings 

Secondary Research 

According to Handbook of Industrial Drying, Fourth Edition, desiccant dryers are the dominant technology 

for resin drying.3  According to one source, desiccant dryers account for over 80% of the resin dryers in use 

today.4 

Handbook of Industrial Drying, Fourth Edition (and the majority of sources that the evaluator reviewed) does 

not list convection ovens as an alternative for hygroscopic resin drying.  Injection Molding Handbook states 

                                                
2 http://www.ptonline.com/knowledgecenter/Plastics-Drying/Drying-Basics/Energy-Saving-Technologies 

3 Mujumdar, A. S. (Ed.). (2014). Handbook of industrial drying, fourth edition. United States: CRC Press. 

4 Sherman, L. M. Resin Dryers: Which type is right for you? Plastics technology. Retrieved July 29, 2016, from 

http://www.ptonline.com/articles/resin-dryers-which-type-is-right-for-you  

http://www.ptonline.com/articles/resin-dryers-which-type-is-right-for-you
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that hygroscopic resin “…can only be dried by removing the moisture from the material using dehumidified 

hot air” and that “simple tray dryers… or mechanical convection hot air dryers, although adequate for non-

hygroscopic materials, simply are not capable of removing water to the degree necessary for the proper 

processing of these materials.”5   

According to one source, convection drying “is very labor intensive and ignores having sufficient airflow 

through the resin - one of the basic requirements for effective moisture removal.  It is not practical for 

production facilities to dry resin in this manner.”6  Plastic Injection Molding: Manufacturing Startup & 

Management describes tray oven dryers as a resin dryer alternative, but only in combination with a 

desiccant dryer.7  Similarly, Extrusion: The Definitive Processing Guide and Handbook describes, “Oven 

drying is the least sophisticated system and is generally used for small lots in product development or 

laboratory-type applications, where small samples have to be dried simultaneously…  Ovens available 

include hot air, vacuum, and dehumidifying with regenerative desiccant beds.”8 

Evaluation Savings Analysis 

No energy analysis was completed for this evaluation.  

Based on the data collected, the evaluation concludes that the installation of desiccant dryers to complete 

hygroscopic resin drying before the resin is used in a plastic injection molding machine represents the 

customer and industry standard practice; therefore, the project does not save energy or demand.   

The customer’s standard practice was concluded based on the following information. 

1. The site’s last purchase of a convection dryer was prior to 2005.  

2. The site fully transitioned to desiccant dryers in 2010. 

3. The site has an internal policy to purchase desiccant dryers when new dryers are needed and does 

not require incentive support to purchase a new desiccant dryer. 

4. The site has demonstrated that they are willing to install desiccant dryers without support of the 

incentive program. The site states that incentives have only been pursued when purchasing multiple 

dryers at a time. 

Desiccant dryers were determined to be industry standard practice based on feedback from the tray oven 

vendor and secondary research completed by the evaluator. The base case vendor sells fewer than ten 

convection ovens per year (out of thousands of dryers sold), and most of these ovens are sold in 

combination with a desiccant dryer system.  Furthermore, the vendor would not recommend using the tray 

ovens on their own for drying. Secondary research suggests that convection drying was no longer a standard 

practice in the plastics processing industry.  None of the secondary sources reviewed recommend tray ovens 

for hygroscopic resin drying. 

The evaluator also investigated potential alternative base case options including desiccant drying options, 

but was not able to identify realistic alternatives considered by the customer. 

                                                
5 Rosato, D.V., & Rosato M.G. (2012). Injection molding handbook. United States: Springer Science & Business Media. 

6 Gardner. Oven Dryers: Plastics technology. Retrieved July 29, 2016, from http://www.ptonline.com/knowledgecenter/Plastics-Drying/Dryer-

Types/Oven-Dryers  
7 Bryce, D. M. (1999). Plastic injection molding: Manufacturing startup and management. United States: Society of Manufacturing Engineers. 

8 Giles, H. F., Wagner, J. R., & Mount, E. M. (2013). Extrusion: The definitive processing guide and handbook. United States: William Andrew 

Publishing. 

http://www.ptonline.com/knowledgecenter/Plastics-Drying/Dryer-Types/Oven-Dryers
http://www.ptonline.com/knowledgecenter/Plastics-Drying/Dryer-Types/Oven-Dryers
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 5 summarizes 

evaluation results by measure and project. 

Table 5: Project Results by Measure. 

Measure Savings Quantity 
Tracking 
Estimate 

Evaluation 
Estimate 

Realization 
Rate 

New Desiccant 
Dyers 

Electric energy (kWh) 39,774 0 0% 

% of Energy Savings on Peak Unknown 0% 0% 

Summer On-Peak Demand (kW) 4.74 0 0% 

Winter On-Peak Demand (kW) 4.74 0 0% 

Discrepancy Analysis 

Table 6 summarizes the key drivers of the discrepancies between the tracking and evaluation savings 

estimates.  

Table 6: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Baseline Equipment 
Performance 

The program assumed a baseline machine was a 
tray dryer. The evaluation concludes that the 
installed equipment is equal to industry standard 
practice.   

This evaluation concludes that no energy 
savings are being achieved by the 
completion of this project. 

Improvement Opportunities 

The program supported the installation of a technology that the customer had fully transitioned to prior to 

the program year and the industry had accepted as standard practice. In the future, the program should 

carefully consider claiming savings when a customer is no longer operating the baseline equipment at their 

facility, especially when they retrofitted away from the assumed baseline equipment in a prior program year. 
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PROJECT DESCRIPTION 

This is an evaluation of five new construction projects that installed five new hybrid-hydraulic injection 

molding machines (IMMs) at a plastic container manufacturing facility in 2013. Each of the five machines 

were installed as a part of a unique National Grid application.  The five applications account for 1,485,701 

kWh of tracked annual energy savings.  

Evaluators visited the site, interviewed facility personnel and installed meters on all 5 newly installed 

injection molding machines as part of this impact evaluation. The metered data was used to determine the 

average demand and operating hours of installed conditions. Production intensity (kWh/kg) and estimated 

total annual production of each IMM was used to calculate energy consumption in the installed condition. No 

baseline proxy machines were available to meter and no additional data from the customer’s plant outside of 

Massachusetts was made available. The evaluation used the improvement in production intensity (kWh/kg) 

observed in the tracking analysis metering as the basis for baseline consumption estimation.  

Table 1 shows the machine size, tracked energy savings, and evaluated energy savings for each application. 

The tables on the following page show the results by application. Overall, the variance in energy savings are 

due to differences between the expected and actual annual production volumes. The savings variance is also 

due to the difference in the mix of parts produced and due to baseline adjustments performed by the 

evaluation based on the age and size of the proxy baseline equipment metered.  

Table 1: Application Details 

Application  Installed Machine  Tracked Energy  Evaluated Energy  Energy  

ID Size (tons) Savings/Year Savings/Year Realization  

    (kWh) (kWh) Rate 

2522537 (#7) 1,000 397,792 145,212 37% 

2640700 (#2) 500 291,550 278,405 95% 

2640702 (#9) 500 291,550 178,998 61% 

3019017 (#3) 650 213,259 138,190 65% 

2640701 (#8) 500 291,550 66,646 23% 

Combined 3,150 1,485,701 807,450 54% 
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Project Specific Results 

These tables show results by application. One application was completed for each machine. Application 

specific calculations tables are shown in the appendix to this site report. 

Table 2: Project Results-application 2522537 (#7) 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 397,792 145,212 37% 

% of Energy Savings on Peak 48% 48% 100% 

Summer On-Peak Demand (kW) 47.40 19.1 40% 

Winter On-Peak Demand (kW) 47.40 15.6 33% 

 

Table 3: Project Results-application 2640700 (#2) 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 291,550 278,405 95% 

% of Energy Savings on Peak 48% 48% 100% 

Summer On-Peak Demand (kW) 34.70 36.5 105% 

Winter On-Peak Demand (kW) 34.70 29.9 86% 

 

Table 4: Project Results-application 2640702 (#9) 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 291,550 178,998 61% 

% of Energy Savings on Peak 48% 48% 100% 

Summer On-Peak Demand (kW) 34.70 23.5 68% 

Winter On-Peak Demand (kW) 34.70 19.3 55% 

 

Table 5: Project Results-application 3019017 (#3) 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 213,259 138,190 65% 

% of Energy Savings on Peak 48% 48% 100% 

Summer On-Peak Demand (kW) 25.40 18.1 71% 

Winter On-Peak Demand (kW) 25.40 14.9 59% 

 

Table 6: Project Results-application 2640701 (#8) 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 291,550 66,646 23% 

% of Energy Savings on Peak 48% 48% 100% 

Summer On-Peak Demand (kW) 34.70 8.7 25% 

Winter On-Peak Demand (kW) 34.70 7.2 21% 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project including PA’s baseline assumptions, installed equipment, tracking calculation method along 

with the underlying assumptions that were used in the calculations to estimate the tracking savings. Finally, 

this section also goes over a few limitations of the tracking savings methodology that was used to estimate 

savings for this project. 

Baseline 

Tracking analysis assumed new hydraulic machines as the true baseline and existing hydraulic machines as 

proxies to estimate baseline consumption. Table 7 shows the key baseline parameter assumptions utilized in 

the tracking analysis and their source for each application. The average baseline power values were 

determined from one hour metering of proxy baseline machines.  Three unique machines were metered, one 

of which was in the company’s Ohio facility, while the others were in the facility with the machines that are 

being evaluated.  

The cycle times are shown in the TA file and it is assumed that they were provided directly by the facility. 

The tracking analysis reduced the cycle time of the 500-ton machine metered at the customer’s Ohio plant 

by 0.27 seconds to account for the longer fill time required for the 6 gallon bucket being produced on the 

proxy machine compared to the 5 gallon bucket produced on the metered installed machine. No other 

adjustments were made. 

Every analysis assumed that the baseline injection molding machine was in operation for 7,560 hours/year. 

This assumption was based on the information provided by the plant manager that the facility is open 24 

hours a day, Monday through Sunday, 52 weeks per year; with 14 days of shutdown and holidays i.e. 

annual facility hours = 8,400 hours. The tracking analysis assumed a 90% machine utilization rate i.e. 8,400 

x 90% =7,560 hours/year annual operation. The 90% utilization assumption appears to have been 

estimated on a post-it note by the site. 

Table 7: Baseline Key Parameters for each application  

Measure 
Name 

True 
Baseline 

Size 

True 
Baseline 
Model # 

Proxy 
Baseline 

Size 

Proxy 
State 

Proxy 
Manuf. 
Year 

Average 
Baseline 
Power 
(kW) 

Average 
Baseline Cycle 

Time  
(seconds) 

Source 

2522537 (#7) 950 
Milacron 
MM950 
WP-288 

1,000 MA 1984 145.19 37.00 
Metered / 
MA Site 

3019017 (#3) 725 
Milacron 
MS725-85 

700 MA 1976 111.12 31.00 
Metered / 
MA Site 

2640700 (#2), 
2640702 (#9),  
2640701 (#8) 

528 
Haitian 
Saturn SA 
4700/2951 

500 OH Unknown 104.70 
Metered: 20.04 

Used: 19.77 
Metered / 
Ohio Plant  

 

Proposed Condition 

The average proposed power for each application was determined by metering the installed hybrid-hydraulic 

machines and parameters assumed to have been provided by the site. Table 8 shows the key Proposed case 

http://www.dnvgl.com/


 

Page 4 of 26 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 

 

 

parameter assumptions utilized in the tracking analysis. Again, the same metering was used for all 500 ton 

machine applications. 

Table 8: Proposed Key Parameters 

Application ID Model # 
Proposed Case 
Machine Size  
(Tons) 

Average 
Proposed 
Power 
(kW) 

Average 

Proposed Cycle 

Time (seconds) 

Source 

2522537 (#7) 

HUSKY 

H1000 

RS135/130 

1,000 180.846 18.94 Metered / Site 

3019017 (#3) 

HUSKY  

H600 

RS115/100 

650 110.08 23.35 Metered / Site 

2640700 (#2), 

2640702 (#9), 

2640701 (#8) 

HUSKY  

H500 

RS95/90 

500 69.919 18.70 Metered / Site 

Tracking Calculation Methodology 

Tracking analysis used the average metered baseline kW of each machine along with the estimated annual 

operating hours (7,560 hours) to calculate baseline energy consumption of each baseline machine. In the 

proposed case, machine annual hours were calculated based on the average proposed cycle time and annual 

baseline cycles per year. In other words, first the baselines annual cycles were calculated from the baseline 

annual operating hours and the baseline average cycle times. Then the proposed machine cycle times 

(shown in Table 8) along with the baseline annual cycles were used to determine the annual hours the 

installed machines would have operated to meet the annual load of the baseline machines. The equations 

below show the details on how the baseline annual cycles and Installed average cycle time were calculated.  

The following page shows the calculation for application #2522537 as an example.  

Equation 1 

Baseline annual energy (kWh) = average baseline power (kW) * baseline annual machine hours (7,560).  

Equation 2 

Baseline annual cycles (cycles/year) = 
Annual operating hours∗(3,600 seconds/hr)

Baseline average cycle time
  

Where,  

Baseline annual machine hours =7,560 hours/year  

Baseline average cycle time= from Table 7 

Equation 3  

Proposed annual machine hours (to match baseline production) = 
Baseline annual cycles ∗ (3,600 seconds/hr)

Proposed average cycle time
 

 Where,  

 Proposed average cycle time = from Table 8 

Equation 4 

Proposed annual energy (kWh) = average proposed power (kW) * proposed annual machine hours (Equation 

2). 

Equation 5  
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Annual Savings (kWh) = baseline annual energy – proposed annual energy.  

Equation 6 

Annual Demand Savings (kW) = Annual Savings / Annual Facility Hours (8,400) 

 

Example TA Calculation: Application 2522537 (1,000 US tons) 

A) Baseline Average Power  = 145.19 kW (Table 7) 

B) Baseline Average Cycle Time = 37 seconds (Table 7) 

C) Proposed Average Power = 180.846 kW (Table 8) 

D) Proposed Average Cycle Time  = 18.94 seconds (Table 8) 

 

Eq. 1: Baseline Annual Energy = 145.19 kW x 7,560 hours/year = 1,097,649 kWh 

Eq. 2: Baseline Annual Cycles  = (7,560 hours/year x 3,600 sec/hour) / 37 sec/cycle = 735,568 cycles/year 

Eq. 3: Proposed Annual Machine Hours = 735,568 cycles/year x 18.94 sec/cycle / 3,600 sec/hour  

= 3,870 hours/year  

Eq. 4: Proposed Annual Energy = 180.846 kW x 3,870 hours/year = 699,857 kWh/year  

Eq. 5: Annual Savings (kWh)  = 1,097,649 kWh - 699,857 kWh = 397,792 kWh 

Eq. 6: Annual Demand Savings (kW)  = 397,792 kWh / 8,400 hours = 47.356 kW 

Evaluator Assessment of Tracking Savings 

Overall, the tracking analysis methodology was reasonable. The analysis is based on metered data and 

estimates savings at the same production volume by adjusting the proposed machine hours. The largest 

uncertainty in the tracking methodology are the assumed baseline operating hours and the assumption that 

the average power metered and cycle times reported are representative of averages across the entire year. 

Any change in the operating hours will results in a change in savings. Different products will require different 

machine powers and different cycle times resulting in different savings. If the products produced changes, 

the savings will change. Therefore, more machine specific information could have been collected such as # 

products the machines produces, product cycle time of each product, machine performance (kWh/kg) for 

each product, machine downtime, energy consumption during the idle time to minimize the uncertainty and 

improve the machine savings estimate. 

The tracking calculation estimated on-peak demand savings by determining the average demand savings 

across all operating hours.  However, the calculation also assumed that the proposed equipment would 

operate fewer hours since it can make parts faster than the baseline equipment.  This calculation 

methodology could be improved by calculating the difference in power consumed and the difference in 

equipment schedules within the on-peak periods. The tracking analysis did not include cooling interactive 

savings.  
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to evaluate the savings for the project. The 

evaluators visited the facility, interviewed facility personnel, and metered the installed equipment for this 

evaluation.  

Measure Verification 

Each installed injection molding machine (IMM) has been physically verified during the site visit and 

confirmed that they are operating as intended. Table 9 shows what measure parameters have been verified 

during the first evaluation site visit.  

Table 9: Measure Verification 

Measure Verification Parameters Verification Result(Yes/No) 

IMM#7 (Installed) 
Visual review of machine 

nameplate information (Model 

Number, manufacturer, Serial 

Number, rated Power, capacity in 

tons, voltage, heater rated power 

etc.),  

  

Yes (Installed as Planned) 

IMM#2 (Installed) Yes (Installed as Planned) 

IMM#9 (Installed) Yes (Installed as Planned) 

IMM#3 (Installed) 
Yes. However, a 600 ton unit was found installed on site 

instead of a 650 ton unit per tracking documentation.  

IMM#8 (Installed) 
Yes. The IMM was #8 during installation but has since 

been renamed to #13. It is referred to as #8 in this site 

report to align with the TA study completed. 

Data Collection 

During the customer interview the following information was collected regarding the affected measures: 

 The evaluation found that the facility operates 24 hours a day, 7 days a week, 52 weeks a year. This 

matched the tracking assumptions. However, there are currently 11 days of shutdown and holidays 

instead of the 14 days assumed in the tracking analysis. There are therefore 8,496 hours available for 

production during the year, more than assumed by the TA. 

 Multiple products are being manufactured on every machine. For example, 10 mold changes were made 

during the week of our visit. The evaluation metered the installed equipment for three months in order 

to capture a reasonable amount of product diversity. The site provided machine downtime, machine 

runtime, and produced lbs for every machine for the monitoring period and an eight-month period in 

2015. 

 Production levels change throughout the year based on customer orders. 

 The production space is cooled by a central chiller plant for which the model number was recorded. No 

free cooling is used during the year. The evaluation therefore estimated the interactive HVAC savings 

achieved by these projects. 

Evaluators installed meters (Dent Elite-Pro) on all five (5) installed molding machines. The two (2) on-site 

baseline proxy machines from tracking calculation were replaced recently with more efficient IMMs; 

therefore, no proxy baseline machines could be metered by the evaluation team. Table 10 shows the 

metering completed. Unfortunately, the meter installed on machine #2 failed during the metering period. 

Table 11 show the data used in this evaluation from other sources. 
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Table 10: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment Brand 

and Model 

Metering 

Start/Stop Dates 

Metering 

Interval 

IMM 7,9 & 3: Electric power and energy use 
(kW and kWh) 

Dent Elite-Pro Logger 
9/18/2015 -
12/8/2015  

5 minutes 

IMM 8: Electric power and energy use (kW 
and kWh) 

Dent Elite-Pro Logger 12/8/2015-3/1/2016 5 minutes 

 

Table 11: Evaluation Data Collection – Data Received 

Source Parameter Interval Duration 

Tracking 

Documents 

Site Metered; Baseline kW 1-minute 1 hour 

Site Metered; Baseline cycle time Customer N/A 

Site Metered; Installed kW 1-minute 1 hour 

Site Metered; Installed cycle time Customer N/A 

Site Metered; Baseline kWh/kg  N/A 1 hour 

Site Metered; Installed kWh/kg  N/A 1 hour 

EMS or/and 

Plant log 

Production in lbs. 
Single value 8 months May-Dec  

Single value 2 months Oct & Nov (metering period) 

Machine runtime & downtime 
Single value 8 months May-Dec 

Single value 2 months Oct & Nov (metering period) 

National 

Grid 

Facility energy consumption 

(kWh) 
Monthly January 2013 – October 2016 

Evaluation Baseline Review 

The evaluation interviewed the facility contact regarding the site’s recent practice for purchasing new 

injection molding machines. Unfortunately, the site contact could not provide any specific information 

regarding the company’s standard practice since decisions are made at their corporate headquarters out of 

state. All evaluated machines were purchased new to meet expected increases in productions, but the 

individuals at this location were and are not involved in the selection of the machine. The facility contact did 

state that they believed the speed of these new hybrid machines was a key factor in their selection. There 

are 16 machines now operating at this facility, 15 of which are hybrid machines. In addition to the interview, 

the following information was used for the baseline review: 

 In recent years, National Grid has supported the installation of multiple machines at this facility and 

claimed over 3,000 MWh in annual savings. All other machines are more than 5-years old. 

 Project documentation shows that the customer received quotes for all assumed baseline machines in 

2012.  

 The evaluation observed the equipment making buckets and bucket lids when meters were installed and 

picked up. The site manager gave no indication that the parts currently being made on the installed 

machines could not have been produced on a hydraulic machine.  

The evaluation has concluded that standard practice for the evaluated projects can be considered the 

purchase of the new hydraulic IMM machines assumed in the program savings estimate. The evaluation 

reached this conclusion since the parts expected to be made at the time of the project and currently being 
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made can easily be made on the assumed baseline machines, all assumed machines were available for 

purchase at the time of the project, there is evidence that the baseline machines were considered by the 

customer, and additional research into the standard practices for IMM purchases showed that purchasing of 

the assumed baseline equipment does regularly occur for this production application.  

Evaluation Savings Analysis 

This section briefly describes our basic analysis and shows how the analysis used the data collected to 

estimate annual energy savings. Project level calculation results are provided in the attached Appendix. 

Overall, the evaluation energy savings was based on the as found conditions with the installed IMMs, their 

production hours and production volume, even if the evaluation’s findings contrast with the conditions 

documented in the project files.  

The production data provided by the site shows significant differences in machine utilization between the 

monitoring period and during the rest of the year. Additionally, the monitoring data shows significant periods 

of idle time when the machines are on in idle mode, but not operating and producing product. For these 

reasons, this evaluation estimates production energy consumption and idle energy consumption separately 

for each machine.  

The evaluation defined the three time periods for use in this analysis: 

1. Full Metering period (P1) Machines #7,2,9,3: 09/18/2015 - 12/08/2015 

Machine #8: 12/10/2015 - 2/10/2015  

2. Metering period, Production data (P2) Machines #7,2,9,3: 10/1/2015 - 12/1/2015; five1 holidays during 
this period when the plant was shut-down 

Machine #8: 12/10/2015 - 2/10/2015 

3. 8 month period, Production data (P3) 5/1/2015 - 12/31/2015 

4. Annual Production Period (P4) 1/1/2015 - 12/31/2015 

Estimation of installed energy intensity 

Table 12 shows the production data as provided by the site for P2 and the machine utilization calculated by 

the evaluation. Machine utilization is calculated as the run time hours divided by the sum of run time and 

down time hours. 

Table 12: P2 production data 

IMM# 
Size  

(tons) 
Shift  
Hours 

Down Time  
(hrs) 

Run Time  
(hrs) 

Production  
(lbs.) 

Machine  
Utilization 

2522537 (#7) 1,000 1,296 1,045.93 250.07 163,760 19% 

2640700 (#2) 500 1,296 875.37 420.63 120,741 32% 

2640702 (#9) 500 1,296 744.07 551.93 222,023 43% 

3019017 (#3) 650 1,296 748.93 547.07 136,522 42% 

2640701 (#8) 500 1,064 333.58 730.42 84,903 69% 

                                                
1 Columbus day, Thanksgiving day, Thanksgiving Friday, Saturday and Sunday (Thanksgiving Weekend) 
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Using the production data shown above and the five-minute metered energy data collected, evaluators 

determined a production threshold power at which the number of hours flagged in the metering data as 

production ON hours nearly equaled the values in the table for the same period. This calculation used the 

following three (3) phases of production: 

i. Production ON = Metered power > Production threshold power. 

ii. IMM OFF = Metered power < 2 kW 

iii. IMM Idling   = 2 kW< Metered power < Production threshold power 

Table 13 shows the determined production threshold power (kW) and, ON, OFF and idle time values for all 

installed IMMs during P2. 

Table 13: Production threshold power and estimated phase hours during P2 

Measure Name 
Production 

threshold power 
(kW) 

Production ON 
(hours) 

IMM Idling 
(hours) 

IMM OFF 
(hours) 

2522537 (#7) 24.5 250 492 722 

2640700 (#2) Unknown - - - 

2640702 (#9) 81.0 554 430 481 

3019017 (#3) 31.0 547 578 339 

2640701 (#8) 21.5 730 175 559 

 

Using the production power thresholds shown above and the 2 kW threshold to flag OFF periods, the 

evaluation calculated the average power during each period and the total production energy recorded. 

Production energy intensity was then calculated using the estimated total production energy and the 

production volume provided by the site. 

The one exception to this is machine #2 since the evaluation meter failed during the metering period. The 

production intensity for this machine was calculated using a linear regression based on machines #9 and 

#8. Further details regarding this calculation are in the Appendix. 

Table 14: Average machine power by phase and production intensity during P2 

Measure 
Name 

Avg. Production 
Power 
(kW) 

Avg. Idle 
Power 
(kW) 

Avg. OFF 
Power 
(kW) 

Production 
Energy  
(kWh) 

Installed Production 
Energy Intensity 

(kWh/kg) 

2522537 (#7) 75.59 12.38 0.29 18,912 0.255 

2640700 (#2) Unknown - - - 0.436 

2640702 (#9) 93.36 19.54 0.68 51,662 0.513 

3019017 (#3) 76.23 13.96 0.42 41,699 0.673 

2640701 (#8) 30.86 11.51 0.24 22,512 0.585 

Estimation of installed machine annual energy consumption (kWh) 

Table 15 shows production data provided by the customer for P3 (May – December 2015). Note that the 

machine utilizations over this eight-month period are different than during the monitoring period. This aligns 

with the customer’s statement of production seasonality and observed differences in monthly facility energy 
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consumption.  These values are also significantly lower than the 90% utilization assumed in the TA’s 

tracking analysis.  

Table 15: Customer provided production data for P3 

Measure Name 
Production 

(lbs.) 
Downtime 

(hours) 
Runtime 
(hours) 

Machine 
Utilization 

2522537 (#7) 1,792,667 2,354 2,654 53% 

2640700 (#2) 2,037,792 2,166 2,874 57% 

2640702 (#9) 1,102,286 1,991 3,033 60% 

3019017 (#3) 725,784 2,109 2,947 58% 

2640701 (#8) 357,420 1,656 2,904 64% 

This data is assumed to be the best representation of annual production. The evaluation directly 

extrapolated the values shown in Table 15 (8 months) to annual values (12 months) for each IMM using 

Equation 7. Table 16 shows annualized production values. Production volume is converted to kilograms for 

better comparison to other studies. 

Equation 7 

Annual Production (kg) = P3 Production (kg) * (12 months/8 months) 

Table 16: Annualized production values P4 

Measure Name 
Production  

(kg) 

Idle/Downtime 

(hours)2 

Production/Runtime 
(hours) 

IMM OFF  
(hours) 

2522537 (#7) 1,219,710 3,531  3,981  1,248 

2640700 (#2)  1,386,490 3,250  4,310  1,200 

2640702 (#9) 749,983 2,986  4,550  1,224 

3019017 (#3) 493,815 3,164  4,420  1,176 

2640701 (#8) 243,184  2,485  4,355  1,920 

 

Annual Installed energy was then calculated using the equation below. 

Equation 8 

Annual Installed Energy (kWh) = Annual production energy + Annual idle energy  

Where,  

Equation 9 

Annual installed production energy (kWh) = Production energy intensity kWh/kg * Annual production volume kg 

Equation 10 

Annual installed idle energy = Average idle power kW * Annual Idling hours 

The small power usage in OFF-mode has been ignored in the calculation.  

                                                
2 The analysis assumes all P3 downtime hours are “idle” hours which based on the metering done is likely an over estimate of idle time. Given other 

uncertainties in the analysis including the method for calculating idle savings discussed below and other factor which go in the opposite 

direction, this overestimate is likely not material. 
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Estimation of baseline machine annual energy consumption (kWh) 

This section describes the calculation of annual baseline production energy and annual baseline idle energy. 

During the first site visit, the evaluators learned that all proxy baseline machines used by the TA had been 

replaced with more efficient hybrid IMMs. Instead of using evaluation collected proxy metering data to 

estimate baseline machine consumption as planned, the evaluation relied on the proxy metering data 

collected by the TA, adjustments to the proxy baseline metering data, and the metering of the installed 

production intensity calculated above.  

Proxy metering adjustments: The evaluation considered adjusting the average proxy baseline machine 

demand shown in the TA data by two factors to calculate the average true baseline production demand for a 

new machine making the same part. Adjustments were considered for the size of the proxy machine and the 

year the proxy machine was manufactured. Table 17 shows the calculated evaluation baseline production 

intensity. 

 Size of Proxy: A size adjustment should be made if the proxy machine has a different clamping force 

than the true baseline machine. This evaluation relied on the rated pump and heater demand for similar 

sized Haitian-Saturn machines to estimate the size adjustments applied for all applications. 

 

 Age of Proxy: An age adjustment should be made if the proxy machine is expected to consume more 

power than the new baseline machine due to improved machine design since the proxy was 

manufactured. For this study, the evaluator chose to not apply an age of proxy adjustment for two 

reasons. First, the age of the equipment metered in Ohio is unknown and the evaluator judged its 

performance to be reasonable for newer equipment. Second, the percent savings estimated after the 

size adjustment was made were determined to be reasonable for all machines. 

Table 17: Baseline adjustments 

Measure 
Name 

True 
Baseline 

Size 

True 
Baseline 

Type 

Proxy 
Baseline 

Size 

Proxy 
State 

Proxy 
Manuf. 
Year 

TA Proxy 
Production 
Intensity 
(kWh/kg) 

Age 
Adjust
ment 

Size 
Adjust
ment 

Evaluation 
Baseline 

Intensity,  
TA Metering 
(kWh/kg) 

2522537 (#7) 950 
Milacron 
MM950 
WP-288 

1,000 MA 1984 0.754 1.000 0.915 0.690 

3019017 (#3) 725 
Milacron 
MS725-85 

700 MA 1976 0.818 1.000 1.037 0.848 

2640700 (#2), 
2640702 (#9),  
2640701 (#8) 

528 
Haitian 
Saturn SA 
4700/2951 

500 OH Unknown 0.543 1.000 1.024 0.556 

 

The evaluation then calculated the production savings ratios shown in Table 18 by dividing the evaluation 

baseline intensities above by the installed machine intensity during the TA metering period. Only the TA data 

is used since the equipment was known to be making similar parts during this metering. 
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Table 18: Production energy ratio 

Measure Name 
Evaluation Baseline Intensity, 

Adjusted TA Metering  
(kWh/kg) 

Installed Intensity,  
TA Metering  
(kWh/kg) 

Percent  
Savings 

Production 
Savings Ratio 

2522537 (#7) 0.690 0.481 30.3% 1.435 

3019017 (#3) 0.848 0.610 28.1% 1.390 

2640700 (#2),  
2640702 (#9),  
2640701 (#8) 

0.556 0.388 30.2% 1.432 

 

 

The evaluation then multiplied the production savings ratios calculated by the calculated installed production 

energy to estimate the annual evaluation baseline production energy as showed in Equation 11 below:  

Equation 11 

Evaluated baseline production energy (kWh) = Annual installed production energy (kWh) * Production 

savings ratio 

The evaluation believes this is the best available methodology to calculate annual baseline production 

energy for these applications. Actual achieved savings will depend on the products created and their cycle 

profiles. 

The evaluation used a similar analysis methodology to estimate the evaluated baseline idle energy. To 

estimate baseline idle energy the evaluation assumed an idle savings ratio of 1.10 for all machines. The 

evaluators are confident that idling baseline equipment will consume more energy than idling installed 

equipment, but are not confident how much more energy will be consumed. The evaluation believes that 

estimating a 10% increase in consumption is reasonable given the limited information available.  

Equation 12 

Evaluated baseline idle energy (kWh) = Annual Installed idle energy (kWh) * Idle savings ratio 

Estimating Interactive HVAC Energy Savings 

This section describes the calculation of baseline and installed HVAC energy. Since the production floor is 

conditioned, additional savings exist from the reduction in facility cooling load due to lower equipment power 

consumption turned into heat needing to be removed. The evaluation calculated these interactive savings 

using simple one line calculations and assumptions.  For the base case, it was assumed that 70% of the 

machine energy becomes cooling load.  In the installed case, it was assumed that 90% of the machine 

energy becomes cooling load.  These assumptions have been discussed and agreed to during previous 

process measure evaluation studies.  They are assumed to be sufficient for this study since the space 

conditioning savings typically account for 5% of a project’s total annual energy savings.  The key HVAC 

inputs for this calculation were the annual operating hours of the HVAC equipment, set points of the space, 

the average heat rejection efficiency, and the IMM energy in each case.  
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Equation 13 

Baseline HVAC Energy (kWh) =  70% * Baseline Energy (kWh) × 3,412 BTU/kWh ÷ 12,000 BTU/ton·hr × 

Chiller Performance3, kW/ton 

Equation 14 

Installed HVAC Energy (kWh) = 90% Installed Energy (kWh) × 3,412 BTU/kWh ÷ 12,000 BTU/ton·hr × 

Chiller Performance3, kW/ton 

Estimating On-peak energy and demand savings 

Percent on peak energy savings was calculated to be 47.8% by dividing the total annual on-peak hours of 

4,065 by the annual facility hours of 8,496. The facility gave no indication that production levels are typically 

different during the daytime peak hours versus nighttime off-peak hours. 

DNV GL used the estimated annual energy savings and the percent of annual energy consumption occurring 

during peak period months to estimate summer and winter peak demand reduction. This methodology was 

used since the production data provided by the customer did not include monthly, daily, or hourly production 

values, but the customer stated that production varies based on orders volume. Three years of facility 

consumption were reviewed for this analysis.   The facility hours used in the calculation are equal to the total 

hours in the period minus any expected facility shut down hours. 

Table 19: Percent consumption by season 

Period % of Annual Consumption Facility Hours 

Winter (Dec & Jan) 14.7% 1,368 

Spring (Feb, Mar, Apr, May) 38.0%   

Summer (Jun, Jul, Aug) 28.3% 2,160 

Fall (Sep, Oct, Nov) 18.9%   

 

Equation 15 

Seasonal Winter Peak Savings (kW)  = 
(𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑎𝑣𝑖𝑛𝑔𝑠)∗ 14.7% 

1,368
 

Equation 16 

Seasonal Summer Peak Savings (kW)  = 
(𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑎𝑣𝑖𝑛𝑔𝑠)∗ 28.3%

2,160
 

  

                                                
3 Nominal Chiller Performance =0.75 kW/ton (32 ton Chiller) 
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EVALUATION RESULTS 

This section summarizes the results of the calculations discussed above. Overall, projects are achieving less 

energy and demand savings than claimed. This is primarily due to substantially lower machine utilization 

than assumed in the tracking analysis. The variance is also due to the adjustments the evaluation made to 

the TA proxy baseline metering. The next section provides these variances in detail. 

Table 20: Evaluation results, annual energy savings 

Application 
Tracked Savings 

Evaluated 
Savings 

Realization  

(kWh) (kWh) Rate 

2522537 (#7) 397,792 145,212 37% 

2640700 (#2) 291,550 278,405 95% 

2640702 (#9) 291,550 178,998 61% 

3019017 (#3) 213,259 138,190 65% 

2640701 (#8) 291,550 66,646 23% 

Total 1,485,701 807,450 54% 

 

Table 21:Evaluation results, Summer on-peak demand reduction 

 Application 
Tracked Savings 

(kW) 
Evaluated Savings 

(kW) 
Realization  

Rate 

2522537 (#7) 47.4 19.1 40% 

2640700 (#2) 34.7 36.5 105% 

2640702 (#9) 34.7 23.5 68% 

3019017 (#3) 25.4 18.1 71% 

2640701 (#8) 34.7 8.7 25% 

Total 177 106 60% 

 

Table 22: Evaluation results, Winter on-peak demand reduction 

 Application 
Tracked Savings 

(kW) 
Evaluated Savings 

(kW) 
Realization  

Rate 

2522537 (#7) 47.4 15.6 33% 

2640700 (#2) 34.7 29.9 86% 

2640702 (#9) 34.7 19.3 55% 

3019017 (#3) 25.4 14.9 59% 

2640701 (#8) 34.7 7.2 21% 

Total 177 87 49% 
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Comparison of Assumptions 

The purpose of the below tables (Table 23 through Table 27) is to provide a comparison of the key inputs of 

the tracking and evaluation calculations in order to demonstrate the sources of savings discrepancies. The 

realization rates calculated provide an indication of the discrepancies’ contribution to the savings variance.  

The key discrepancy drivers are the difference in annual production and installed energy intensity. 

Table 23: Comparison of installed operating hours 

Application 
TA Assumed  Evaluation  Realization 

(hours) (hours) Rate 

2522537 (#7) 3,870 3,981 103% 

2640700 (#2) 7,151 4,310 60% 

2640702 (#9) 7,151 4,550 64% 

3019017 (#3) 5,694 4,420 78% 

2640701 (#8) 7,151 4,355 61% 

 

Table 24: Comparison of installed annual production 

Application 
TA Assumed  Evaluation  Realization 

(kg) (kg) Rate 

2522537 (#7) 1,456,424 1,219,710 84% 

2640700 (#2) 1,288,527 1,386,490 108% 

2640702 (#9) 1,288,527 749,983 58% 

3019017 (#3) 1,027,185 493,815 48% 

2640701 (#8) 1,288,527 243,184 19% 

TOTAL 6,349,190 4,093,182 64% 

 

Table 25: Comparison of installed energy intensity 

Application 
TA Assumed  Evaluation  Realization 

(kWh/kg) (kWh/kg) Rate 

2522537 (#7) 0.481 0.255 53% 

2640700 (#2) 0.388 0.436 112% 

2640702 (#9) 0.388 0.513 132% 

3019017 (#3) 0.610 0.673 110% 

2640701 (#8) 0.388 0.585 151% 

 

Table 26: Comparison of baseline energy intensity 

Application 
TA Assumed  Evaluation  Realization 

(kWh/kg) (kWh/kg) Rate 

2522537 (#7) 0.754 0.365 48% 

2640700 (#2) 0.614 0.625 102% 

2640702 (#9) 0.614 0.735 120% 

3019017 (#3) 0.818 0.936 114% 

2640701 (#8) 0.614 0.837 136% 

 

Table 27: Comparison of energy intensity reduction, gross (percent savings) 

Application 
TA Assumed  Evaluation  Realization 

(kWh/kg) reduction (kWh/kg) reduction Rate 

2522537 (#7) 0.273 (36.2%) 0.111 (30.3%) 41% 

2640700 (#2) 0.226 (36.8%) 0.189 (30.2%) 83% 

2640702 (#9) 0.226 (36.8%) 0.222 (30.2%) 98% 

3019017 (#3) 0.208 (25.4%) 0.263 (28.1%) 127% 

2640701 (#8) 0.226 (36.8%) 0.253 (30.2%) 112% 
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Improvement Opportunities 

 The savings can be better estimated by conducting the onsite metering (both baseline proxy and 

installed machines) for multiple days when various molds are used. This should improve the 

estimates of average machine consumption.. 

 It is also recommended to use installed and baseline average energy intensity (kWh/kg) to calculate 

savings based on an estimated production weights for any future projects. 

 Furthermore, any adjustments the TA makes should be made to the energy intensity and not to a 

single parameter such as the cycle time as was done here. If single parameter adjustments are 

determined to be the best option, then high frequency spot metering data should be collected and 

an adjustment to the average power consumption should also be made. 

 It is unknown if the lower production volumes occurring on four of the five machines could have 

been anticipated by the site or the program, especially since the machine utilization information 

used in the TA was provided by the customer.  However, the same assumption was used for all 

machines. In the future, the program could request confirmation that the assumption is correct for 

all applications when multiple machines are purchased by the same customer.

http://www.dnvgl.com/
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APPENDIX A. PROJECT LEVEL DETAILS 

This appendix contains the calculation details for each project evaluated. Following each analysis, except #2, 

a heat map is provided on the page after the tables showing machine consumption during the metering 

period.  

 The white sections of each figure are when the machine was considered “Off”.  

 The grey sections show when the machine was considered in “idle”. 

 All colored sections, yellow, green, or red, show machine production.  

The following table summarizes the calculation results for each application by calculation step. 

Table 28: Evaluation results, details of annual energy savings  

Calculation Case 
2522537 

(#7) 
2640700 

(#2) 
2640702 

(#9) 
3019017 

(#3) 
2640701 

(#8) 

Production 

Base 445,675 866,319 551,087 462,329 203,619 

Installed 310,548 604,804 384,730 332,525 142,152 

Savings 135,127 261,516 166,356 129,804 61,466 

Idle 

Base 48,076 55,491 64,181 48,572 31,455 

Installed 43,706 50,446 58,346 44,156 28,596 

Savings 4,371 5,045 5,835 4,416 2,860 

HVAC 

Base 73,705 137,603 91,844 76,265 35,091 

Installed 67,990 125,759 85,037 72,295 32,771 

Savings 5,715 11,844 6,807 3,970 2,320 

Total 

Base 567,456 1,059,414 707,112 587,165 270,165 

Installed 422,244 781,009 528,114 448,976 203,519 

Savings 145,212 278,405 178,998 138,190 66,646 

 TA Savings 397,792 291,550 291,550 213,259 291,550 

 RR 37% 95% 61% 65% 23% 
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2522537 (#7): 

Using the production threshold (kW) value in Table 13, hours for all three (3) phases of production were 

determined. The sum of monitored demand (kW) in each phase gave an energy (kWh) value for its 

respective phase as shown in Table 29. Average demand (kW) was then calculated by taking a ratio of 

energy and its respective hours value.  

Table 29: Total #7 Energy (kWh) during production data period P2 

Production Phases Hours Energy (kWh) Avg. demand  (kW) 

Production Hours 250 18,912 75.59 

Idle Hours 492 6,088 12.38 

Off Hours 722 208 0.29 

Total 1,464 25,208  

 

Using Equation 7 and Equation 8, production (kg) was annualized and energy (kWh) at each phase was 

calculated respectively. The analyses do not estimate the energy consumed during off hours as it is assumed 

that no energy savings is achieved during this phase because the small kW usage during the off hours over 

shadowed any difference in the off hours. 

Table 30: Total #7 Annual Energy (kWh) Savings during P4 

Parameter 
All 

Hours 
Production Idle Off 

Source 

Production Energy Intensity (kWh/kg)   0.255   Table 14 

Annual Production (kg)   1,219,710     Equation 7 

Annual Installed Energy 354,614 310,548 43,706  Equation 9 

Ratio - Baseline to Installed Energy   1.44 1.10  Table 18 

Annual Baseline Energy 493,751 445,675 48,076  Equation 11 

Baseline HVAC (70%) Energy  73,705 66,528 7,177  Equation 13 

Installed HVAC (90%) Energy 67,990 59,602 8,388  Equation 14 

Evaluated Annual Savings kWh 145,212 142,053 3,159   

Tracking Annual Savings kWh 397,792        

Realization Rate 37%        
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Figure 1: #7 IMM’s monitored data Heat map 
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2640700(#2):  

The meter that was installed on #2 during evaluation failed. The evaluation therefore could not directly 

calculate the machine’s production energy intensity (kWh/kg) from the metering and production data. 

Instead, DNV GL calculated the installed production energy rate (kWh/kg) of #2 using a linear regression 

and the direct estimates from machines #9 and #8 (also 500 tons). Similarly, DNV GL estimated the idle 

power for machine #2 as the average idle power observed for machines #9 and #8. Otherwise, the 

calculation method is the same as for the other machines. The table below summarizes this calculation. 

Table 31: Total #2 Annual Energy (kWh) savings during P4 

Parameter 
Productio

n 
Idle Total 

#9 production per hour (kg/hr) 182 
Known independent variables 

#8 production per hour (kg/hr) 53 

#9 production energy intensity (kWh/kg) 0.513 
Known dependent variables 

#8 production energy intensity (kWh/kg) 0.585 

#2 Production per hour (kg/hr) 322 New independent variable 

#2 production energy intensity (kWh/kg) using linear regression 
analysis  

0.436 
Estimated dependent 
variable  

Annual Production (kg) 1,386,490     

#9 - Average Idle Power   19.5   

#8 - Average Idle Power   11.5   

#2 - Assumed Idle Power   15.5   

Idling Hours   3,249.6   

Installed Annual Energy 604,804 50,446 655,250 

Savings Ratio 1.43 1.10   

Annual Baseline Energy 866,319 55,491 921,810 

Baseline HVAC (70%) Energy  129,320 8,283 137,603 

Installed HVAC (90%) Energy 116,077 9,682 125,759 

Evaluated Annual Savings 274,759 3,646 278,405 

Tracking Annual Savings     291,550 

Realization Rate     95% 

 

  

http://www.dnvgl.com/


 

Page 21 of 26 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 

 

 

2640702(#9):  

This analysis methodology matches the methodology used for machine #7. 

Table 32: Total #9 Energy (kWh) during production data period P2 

Production Phases Hours Energy (kWh) Avg. demand  (kW) 

Production Hours 553 51,662 93.36 

Idle Hours 430 8,397 19.54 

Off Hours 481 328 0.68 

Total 1,464 60,386  

 

Table 33: Total #9 Annual Energy (kWh) Savings during P4 

Parameter All Hours Production Idle Off Source 

Production Energy Intensity (kWh/kg)   0.513   Table 14 

Annual Production (kg)   749,983     Equation 7 

Annual Installed Energy 443,077 384,730 58,346  Equation 9 

Ratio - Baseline to Installed Energy   1.43 1.10  Table 18 

Annual Baseline Energy 615,268 551,087 64,181  Equation 11 

Baseline HVAC (70%) Energy  91,844 82,263 9,581  Equation 13 

Installed HVAC (90%) Energy 85,037 73,839 11,198  Equation 14 

Evaluated Annual Savings 178,998 174,781 4,217   

Tracking Annual Savings 291,550      

Realization Rate 61%      
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Figure 2: #9 IMM’s monitored data Heat map 
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3019017(#3):  

This analysis methodology matches the methodology used for machine #7. 

Table 34: Total #3 Energy (kWh) during production data period P2 

Production Phases Hours Energy (kWh) Avg. demand  (kW) 

Production Hours 547 41,699 76.23 

Idle Hours 578 8,074 13.96 

Off Hours 339 143 0.42 

Total 1,464 49,916  

 

Table 35: Total #3 Annual Energy (kWh) Savings during P4 

Parameter All Hours Production Idle Off Source 

Production Energy Intensity (kWh/kg)   0.673   Table 14 

Annual Production (kg)   493,815     Equation 7 

Annual Installed Energy 376,681 332,525 44,156  Equation 9 

Ratio - Baseline to Installed Energy   1.39 1.10  Table 18 

Annual Baseline Energy 510,901 462,329 48,572  Equation 11 

Baseline HVAC (70%) Energy  76,265 69,014 7,251  Equation 13 

Installed HVAC (90%) Energy 72,295 63,820 8,475  Equation 14 

Evaluated Annual Savings 138,190 134,998 3,191   

Tracking Annual Savings 213,259        

Realization Rate 65%        
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Figure 3: #3 IMM’s monitored data Heat map 
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2640701(#8): 

This analysis methodology matches the methodology used for machine #7. 

Table 36: Total #8 Energy (kWh) during production data period P2 

Production Phases Hours Energy (kWh) Avg. demand  (kW) 

Production Hours 730 22,512 30.86 

Idle Hours 175 2,019 11.51 

Off Hours 559 137 0.24 

Total 1,464 24,668  

  

Table 37: Total #8 Annual Energy (kWh) Savings during P4 

Parameter All Hours Production Idle Off Source 

Production Energy Intensity (kWh/kg)   0.585   Table 14 

Annual Production (kg)   243,184     Equation 7 

Annual Installed Energy 170,748 142,152 28,596  Equation 9 

Ratio - Baseline to Installed Energy   1.43 1.10  Table 18 

Annual Baseline Energy 235,074 203,619 31,455  Equation 11 

Baseline HVAC (70%) Energy  35,091 30,395 4,695  Equation 13 

Installed HVAC (90%) Energy 32,771 27,283 5,488  Equation 14 

Evaluated Annual Savings 66,646 64,579 2,067   

Tracking Annual Savings 291,550      

Realization Rate 23%      
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Figure 4: #8 IMM’s monitored data Heat map 
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PROJECT DESCRIPTION 

This is a new construction project that installed one – 1,000 ton double cavity hybrid (Husky H1000 

RS135/125) injection molding machine (IMM) at a manufacturing facility. The baseline machines in the 

tracking analysis were two, single cavity 674 ton hydraulic (Haitian Saturn SA 6000/4500) IMM’s. The 

proposed machine was estimated to save energy by running at a lower average power than the two baseline 

machines combined. The installed IMM was also expected to produce the same number of parts at a reduced 

average product cycle time, therefore resulting in reduced operating hours compared to the baseline 

equipment. 

Table 1 shows the overall evaluation results for this project. The project is achieving 128% of the energy 

savings tracked. The savings variance is primarily due to a 48% increase in the estimated baseline 

production hours, a 45% increase the installed production hours, and a 41% reduction in operating demand 

savings compared to the TA analysis.  

The project was correctly classified as new construction because the site added the new equipment to 

increase the plant’s capacity and throughput with better technology. The evaluation agrees that the baseline 

machines assumed by the program represent the standard practice baseline for this application. The 

tracking analysis metered a 750 ton single cavity hydraulic machine operating on-site and doubled 80% of 

the metered power as a proxy to estimate baseline power. The monitored proxy machine power was 

appropriately adjusted to account for differences between the proxy machine used and the baseline 

machines assumed. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 300,626 384,842 128% 

% of Energy Savings on Peak 62% 47% 76% 

Summer On-Peak Demand (kW) 46.0 45.3 99% 

Winter On-Peak Demand (kW) 46.0 44.2 96% 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the tracking savings claimed 

for the project. The evaluator assumes that the project went through the new construction program since 

the facility would have needed to purchase new equipment to meet the expected increase in production 

volume.   

Baseline 

The baseline machine was assumed to be two, single cavity hydraulic 674 ton Haitian Saturn SA 6000/4500 

IMM’s. The assumed average power of the baseline system was determined through power monitoring of a 

proxy Engel 750 ton hydraulic machine operating on-site. The average baseline power value for two single 

cavity machines was determined from 155 minutes of metering during normal operation to be 183.4 kW. 

The project documents do not provide a reason for why the specific proxy machine was selected to estimate 

baseline power. The Engel machine was observed by the evaluation evaluator to be manufactured in 1999. 

The baseline IMM energy estimate assumed an annual operating schedule of 6,539 hours per year with a 75% 

utilization rate for a total of 4,904 annual operating hours. The tracking documentation used 19.94 seconds 

as the average baseline cycle time. Table 2 shows the key baseline parameter assumptions utilized in the 

tracking analysis. 

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) Source of Value Note 

Machine Type Hydraulic Assumption 2 x Haitian Saturn SA 6000/4500 

Average Metered Power, single 

machine [kW] 
114.63 Proxy Monitoring 

155 minutes of proxy monitoring in 1 min intervals 

on one machine. 

Normalization Factor  80% TA Assumption 
“Metered value normalized by 80% to account for 

reduced efficiency of two IMM instead of one.” 

Average Baseline Power, two 

machines [kW] 
183.40 Calculated 2 x 114.63 X 80% 

Average Cycle Time [Seconds] 19.94 Proxy Monitoring  

Annual Facility Hours 6,539  Calculated 130 hr/wk * 365 dys / 7 dy/wk – 240 holiday hrs 

Machine Utilization Rate 75% Assumed by TA  

Machine Operating Hours 4,904 Calculated 6,539 * 75% 

Annual Consumption [kWh] 899,402 Calculated 183.40 kW *  4,904 hrs/yr 

Proposed Condition 

The proposed system was a 1,000 ton double cavity hybrid Husky H1000 RS135/125 IMM, assumed to run 

at an average power of 137.0 kW. The average proposed power was determined from 210 minutes of 

metering of the installed 1,000 ton machine making the same unit as the baseline. The proposed condition 

estimated annual hours of operation based upon the baseline cycles per year to maintain the base case 

production. The proposed condition was estimated to operate 4,370 hours annually. A 17.77 second average 

cycle time was also assumed for the installed system. Cycle times are assumed to have been sourced from 

the site metered data for the installed system. Table 3 shows the key proposed case parameters utilized in 

the tracking analysis.  
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Table 3: Proposed Key Parameters 

  BASELINE 

Parameter Value(s) Source of Value Note 

Machine Type Hybrid Proxy Monitoring Monitored machine was a proxy for proposed. 

Average Power [kW] 137.0 Direct Monitoring 210 minutes of monitoring in 1 min intervals 

Average Cycle Time [Seconds] 17.77 Direct Monitoring 
 

Machine Operating Hours 4,370 Calculated 
Base Hours * Prop Cycle Time / Base Cycle Time 

4,904 hrs/yr * 17.77 / 19.94 

Annual Consumption [kWh] 598,776 Calculated 137.0 kW * 4,370 hrs/yr 

Tracking Calculation Methodology 

The following equations were used in the tracking analysis calculations. The facility operating hours were 

calculated first:  

𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝐻𝑟𝑠 = (130 𝑥 52.14) − (10 𝑥 24) = 6,539 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 ℎ𝑜𝑢𝑟𝑠/𝑦𝑒𝑎𝑟 

Where; 

𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝐻𝑟𝑠 =  𝐴𝑛𝑛𝑢𝑎𝑙 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝐻𝑜𝑢𝑟𝑠   

130 = 𝑊𝑒𝑒𝑘𝑙𝑦 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠 

52.14 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝑊𝑒𝑒𝑘𝑠 

10 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝐻𝑜𝑙𝑖𝑑𝑎𝑦𝑠 

24 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐻𝑜𝑢𝑟𝑠 𝑖𝑛 𝑎 𝐷𝑎𝑦 

 

From the facility hours, the IMMs annual operating hours were calculated using a 75% “machine utilization 

rate”: 

𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝐻𝑟𝑠 =  𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝐻𝑟𝑠 𝑥 0.75 = 6,539 𝑥 0.75 = 4,904 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 ℎ𝑜𝑢𝑟𝑠/𝑦𝑒𝑎𝑟  

Where; 

𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝐻𝑟𝑠 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠 

𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝐻𝑟𝑠 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝐻𝑜𝑢𝑟𝑠 

0.75 = 𝐴𝑠𝑠𝑢𝑚𝑒𝑑 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝑈𝑡𝑖𝑙𝑖𝑧𝑎𝑡𝑖𝑜𝑛 𝑅𝑎𝑡𝑒 

 

The TA calculated the baseline annual energy using the next equation. This equation utilized an 80% 

normalization factor which the evaluation assumes was used to adjust the average metered power for a 750 

ton machine to an estimate average power draw for a 674 ton machine using the same mold. 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝑘𝑊ℎ = 2 𝑥 𝑘𝑊𝑇𝐴 𝑥 0.8 𝑥𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝐻𝑟𝑠 = 899,402 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟 

Where; 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝑘𝑊ℎ = 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐼𝑀𝑀 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 
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2 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐼𝑀𝑀𝑠 

𝑘𝑊𝑇𝐴 = 𝑇𝐴 𝑚𝑒𝑡𝑒𝑟𝑒𝑑 𝑑𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑃𝑟𝑜𝑥𝑦 𝐼𝑀𝑀 before normalization 

0.8 =  𝑁𝑜𝑟𝑚𝑎𝑙𝑖𝑧𝑒𝑑 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑃𝑜𝑤𝑒𝑟 𝑡𝑜 𝐴𝑐𝑐𝑜𝑢𝑛𝑡 𝑓𝑜𝑟 𝑅𝑒𝑑𝑢𝑐𝑒𝑑 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦  

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝐻𝑟𝑠 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠 = 4,904 per machine 

 

In order to estimate savings on an equal production level basis, the TA analysis calculated the number of 

cycles each baseline machine would complete during one year. 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝐶𝑦𝑐𝑙𝑒𝑠  =  
𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝐻𝑟𝑠 𝑥 3,600 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒
= 885,363 𝑐𝑦𝑐𝑙𝑒𝑠/𝑦𝑒𝑎𝑟 

Where;: 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝐶𝑦𝑐𝑙𝑒𝑠 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝐶𝑦𝑐𝑙𝑒𝑠 𝑓𝑜𝑟 𝑒𝑎𝑐ℎ 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 

𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝐻𝑟𝑠 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠 

3,600 =  𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑒𝑐𝑜𝑛𝑑𝑠 𝑝𝑒𝑟 𝐻𝑜𝑢𝑟 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 =  𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 

 

TA calculated the proposed machine hours using the proposed cycle time and the per machine baseline 

annual cycles. Since the proposed machine is a double cavity machine, only the cycles of a single baseline 

machine are used. 

𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝐻𝑟𝑠 =  
𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝐶𝑦𝑐𝑙𝑒𝑠 ∗ 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒  

3,600
= 4,370 ℎ𝑜𝑢𝑟𝑠/𝑦𝑒𝑎𝑟 

Where: 

𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝐻𝑟𝑠 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝐶𝑦𝑐𝑙𝑒𝑠 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐴𝑛𝑛𝑢𝑎𝑙 𝑀𝑎𝑐ℎ𝑖𝑛𝑒 𝐶𝑦𝑐𝑙𝑒𝑠 𝑝𝑒𝑟 𝑚𝑎𝑐ℎ𝑖𝑛𝑒 = 885,363 𝑐𝑦𝑐𝑙𝑒𝑠/𝑦𝑒𝑎𝑟 

3,600 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑆𝑒𝑐𝑜𝑛𝑑𝑠 𝑝𝑒𝑟 𝐻𝑜𝑢𝑟 

𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝐶𝑦𝑐𝑙𝑒 𝑇𝑖𝑚𝑒 = 17.77 𝑠𝑒𝑐/𝑐𝑦𝑐𝑙𝑒 

 

The proposed IMM annual energy was calculated from the proposed average metered power and the 

calculated proposed machine hours: 

𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑𝑘𝑊ℎ = 𝑘𝑊𝑇𝐴 𝑥 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝐻𝑟𝑠 = 598,776 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟 

Where: 

𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑𝑘𝑊ℎ = 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝐼𝑀𝑀 𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 

𝑘𝑊𝑇𝐴 = 𝑇𝐴 𝑀𝑒𝑡𝑒𝑟𝑒𝑑 𝐷𝑒𝑚𝑎𝑛𝑑 𝑜𝑓 𝑂𝑛 − 𝑠𝑖𝑡𝑒 𝐸𝑞𝑢𝑖𝑣𝑎𝑙𝑒𝑛𝑡 𝐼𝑀𝑀 

𝑀𝑎𝑐ℎ𝑖𝑛𝑒𝐻𝑟𝑠 = 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 𝐴𝑛𝑛𝑢𝑎𝑙 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠 
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Energy savings are then calculated by taking the difference of the baseline and proposed IMM: 

𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =  𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒𝑘𝑊ℎ − 𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑𝑘𝑊ℎ = 300,626 𝑘𝑊ℎ/𝑦𝑒𝑎𝑟 

 

Percent energy savings on-peak was calculated based on the peak hours defined for this program (6am to 

10pm, Monday through Friday, less nine holidays). This was derived from the number of annual peak hours 

and annual facility hours. The annual peak hours are calculated as follows:  

𝑃𝑒𝑎𝑘 𝐻𝑜𝑢𝑟𝑠𝐴𝑛𝑛𝑢𝑎𝑙 = [(365 𝑥 
5

7
) − 9] 𝑥 16 = 4,032 ℎ𝑜𝑢𝑟/𝑦𝑒𝑎𝑟 

Where; 

𝑃𝑒𝑎𝑘 𝐻𝑜𝑢𝑟𝑠𝐴𝑛𝑛𝑢𝑎𝑙 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑒𝑎𝑘 𝐻𝑜𝑢𝑟𝑠  

365 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐷𝑎𝑦𝑠 𝑖𝑛 𝑎 𝑌𝑒𝑎𝑟 

7 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐷𝑎𝑦𝑠 𝑖𝑛 𝑎 𝑊𝑒𝑒𝑘 

5 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑊𝑒𝑒𝑘𝑑𝑎𝑦𝑠 𝑖𝑛 𝑎 𝑊𝑒𝑒𝑘 

9 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑊𝑒𝑒𝑘𝑑𝑎𝑦 𝐻𝑜𝑙𝑖𝑑𝑎𝑦𝑠 𝑖𝑛 𝑎 𝑌𝑒𝑎𝑟 

16 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑃𝑒𝑎𝑘 𝐻𝑜𝑢𝑟𝑠 𝑝𝑒𝑟 𝐷𝑎𝑦 

 

The percent of energy saved on peak hours was estimated as follows:  

% 𝑆𝑎𝑣𝑖𝑛𝑔𝑠𝑂𝑛𝑝𝑒𝑎𝑘 =  
𝑃𝑒𝑎𝑘 𝐻𝑜𝑢𝑟𝑠𝐴𝑛𝑛𝑢𝑎𝑙

𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝐻𝑟𝑠
= 62% 

Where; 

% 𝑆𝑎𝑣𝑖𝑛𝑔𝑠𝑂𝑛𝑝𝑒𝑎𝑘 = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡 𝑆𝑎𝑣𝑒𝑑 𝑂𝑛 − 𝑃𝑒𝑎𝑘 

𝑃𝑒𝑎𝑘 𝐻𝑜𝑢𝑟𝑠𝐴𝑛𝑛𝑢𝑎𝑙 = 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑒𝑎𝑘 𝐻𝑜𝑢𝑟𝑠  

𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝐻𝑟𝑠 =  𝐴𝑛𝑛𝑢𝑎𝑙 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝐻𝑜𝑢𝑟𝑠   

 

The average power reduction over all facility hours was calculated by taking the difference of the annual 

energy savings by the facility hours: 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑘𝑊 =
𝑆𝑎𝑣𝑖𝑛𝑔𝑠

𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝐻𝑟𝑠
 

Where; 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝑘𝑊 =  𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑝𝑜𝑤𝑒𝑟 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 𝑜𝑣𝑒𝑟 𝑎𝑙𝑙 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦 ℎ𝑜𝑢𝑟𝑠 

𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =  𝐴𝑛𝑛𝑢𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑠𝑎𝑣𝑖𝑛𝑔𝑠 

𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦𝐻𝑟𝑠 =  𝐴𝑛𝑛𝑢𝑎𝑙 𝐹𝑎𝑐𝑖𝑙𝑖𝑡𝑦 𝐻𝑜𝑢𝑟𝑠 
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The tracking documentation received does not show how the claimed on-peak demand savings of 48.1 and 

42.3 for summer and winter were calculated for this project. 

Evaluator Assessment of Tracking Savings 

The tracking calculation methodology assumed that the same product was manufactured in both the 

baseline and proposed conditions throughout the year. While the installed machine has the capability to 

change molds, they primarily run the same mold at all times.  This has been confirmed by the site. Overall, 

the TA savings calculation followed an appropriate methodology and made reasonable assumptions based on 

the data available. 

Evaluators are unsure if the correct rebated machine was monitored by the TA. The facility has multiple 

1,000 ton Husky H1000 IMM’s on-site. Based upon discussions with facility personnel, evaluators monitored 

the rebated machine. The serial number of the monitored IMM is the same as the IMM which production data 

was received for. However, the serial number of the machine in the tracking analysis calculations for the 

installed case is different.   
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions that will be used to estimate the evaluated 

savings for the project.  

Measure Verification 

The evaluator visited the site on November 4th, 2015 to verify the installation and begin data collection. The 

installed IMM was physically verified during the site visit and confirmed that it is operating as intended. 

Table 4 shows how the measure will be verified to be installed and operating.  

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

1,000 ton double cavity hybrid 

injection molding machine 

Make, Model, Type, Name plate 

Information verified by visual inspection 
Model: Husky H1000 RS135/125 

Data Collection 

Machine Monitoring: The evaluator monitored both an expected proxy baseline machine and the installed 

machine using Dent ElitePro loggers to monitor kW. The installed machine was monitored for four weeks 

while the proxy machine was monitored for two. The proxy machine was removed from the site two weeks 

into the monitoring period. It is unclear if this proxy machine was the exact same machine monitored but it 

was the same make and size. The proxy baseline machine monitored by the evaluation was a single cavity, 

750 ton hydraulic unit and was expected to be used to make the same part as the installed machine during 

the monitoring period. The data collected from this machine along with production data received from the 

site was used in the evaluation analysis. Table 5 describes the monitoring completed. Figure 1 and Figure 2 

show the monitored equipment power. The extended down period in late November was for the 

Thanksgiving holiday. 

Production Data: The site provided production data to the evaluator six months after the second visit to 

retrieve the monitoring equipment. The production data covers the installed 1,000 – ton Husky H1000 for 

2015, as well as two, Engel 750 - ton single cavity IMM’s for 2013, which represent the proxy baseline. The 

data provided is aggregated annually and is not broken down by month. Production data identifies the 

machine model, serial number, mold type, average cycle time, number of parts, and pounds produced. Table 

6 and Table 7 describe and show the data received. 

Table 5: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment 

Brand and Model 

Metering 

Start/Stop Dates 

Metering 

Interval 

Installed: Husky H1000 RS135/125 IMM Dent ELITEpro Logger Nov.4 - Dec. 4, 2015 5 minutes 

Proxy Baseline: 1999 Engel 7000/750 (750 tons) Dent ELITEpro Logger Nov.4 - Nov. 18, 2015 5 minutes 

Table 6: Evaluation Data Collection – Data Received 

Parameter Source Interval Duration 

Site Monitored Proxy Baseline IMM Tracking Documents 1 min 155 minutes 

Site Monitored Proxy Installed IMM Tracking Documents 1 min 210 minutes 
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Annual Production Weight Production Data 1 Year 1 Year 

Annual Production Volume Production Data 1 Year 1 Year 

Annual Production Cycles Production Data 1 Year 1 Year 

Table 7: Production Data Received 

Machine 
Production 

Year 
Mold 

Average 

Cycle Time 
Parts Pounds 

IM1 – 2 (ES7000/750, Baseline Proxy) 2013 1 Cavity, 5 Gallon 22.96 581,680 1,006,306 

IM2 – 2 (EES7000750, Baseline Proxy) 2013 1 Cavity, 5 Gallon 23.38 683,512 1,182,476 

IM5 – 2 (H1000 RS135/125L, Installed) 2015 2 Cavity, 5 Gallon 20.22 2,257,896 3,906,160 

 

Figure 1: Proxy baseline IMM operation during monitoring period 

 

Figure 2: Installed IMM operation during monitoring period  
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IMM Interview: The evaluation interviewed the facility contact regarding the site’s recent practice for 

purchasing new injection molding machines. The contact stated that the facility’s decision to purchase a new 

machine was driven by replacing older equipment but also to increase the plant’s capacity and throughput 

with better technology. The site wanted to increase production with fewer machines. The type of machine 

purchased is chosen for their durability, low repair and maintenance costs, as well as their performance. 

There are currently 16 total IMM’s operating on-site with 10 out of 16 being less than five years old. All of 

their new machines are hybrid machines. The contact stated that their standard practice is to consider all 

equipment that can meet production requirements Machines purchased could be hydraulic, electric or hybrid.  

Through discussion with the facility manager, it was determined that the operating schedule through the 

monitoring period was indicative of normal operation throughout the year. Historically, production volume is 

heaviest March through October. The site observes 11 holidays during the year.  

The installed IMM has the ability to change molds, however the site primarily runs the same part through 

their 1,000 ton IMM’s. The same part could have been produced on their smaller IMM’s, but the installed 

double cavity 1,000 ton IMM allows the site to produce the same volume as a single cavity machine with half 

the labor. The current annual production of the facility is as expected with their current capability but are 

always working to improve efficiencies.  

HVAC Interaction: In addition to the information collected, the evaluation found that there is no cooling on 

the production floor so there are no interactive heating or cooling effects from the measure. 

Evaluation Baseline Review 

Based on the interview conducted with the facility manager and separate IMM standard practice research 

completed by the evaluation team, the evaluation concludes that two new 674 ton Haitian Saturn SA 

6000/4500 hydraulic machines could have been purchased to meet the current production needs. The 

evaluation also agrees with the TA that the best methodology to estimate baseline energy consumption for 

this project includes the use of the consumption of a hydraulic single cavity 750 ton Engel IMM already 

operating on-site making the same part. The following information was used for this baseline review: 

 Project timing: This project was initiated in November 2012 and installed in early 2013. We acquired 

responses to our IMM questions in the spring of 2016.  

 Participation history: The site indicated that all new machines are hybrid. Review of 2011-2015 program 

data as part of our IMM baseline study showed 7 unique applications for 7 machines from PY2012 - 

PY2015. The site did therefore participate in the program and receive incentives for most of these 

purchases.  

 Facility decision making: Site indicated that they make the decisions based on the options they have and 

do consider the available incentives. 

 Part specifications: The site is making a fairly standard 5 gallon bucket. This 5 gallon bucket could easily 

be made by a new in 2013 Haitian Saturn machine. 
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Evaluation Savings Analysis 

This section describes the evaluation analysis completed to estimate achieved savings. The installed 

equipment is expected to operate more efficiently than the baseline equipment. Overall, the evaluation 

energy savings are based on the as found conditions with the installed IMM, its production hours and 

production volume, even if the evaluation’s findings contrast with the conditions documented in the project 

files. 

Annual production hours: The evaluation used the production data provided by the site to directly 

estimate the total annual operating hours of each machine, the average part weight, and the average weight 

per cycle. The evaluation then estimated an average baseline cycle time as the weighted average cycle time 

of the two baseline proxy machines. The evaluation then calculated the required baseline operating hours 

using the ratio of baseline cycle time to installed cycle time and the calculated installed annual production 

hours. Table 8 shows the results of these calculations. These annual production hours represent the machine 

operating time required to produce parts produced on the installed machine in 2015. The difference in 

operating hours between the baseline machines and installed machine was expected and aligns with the TA 

study. 

Table 8: Estimation of annual production hours 

  Data Provided by Site Evaluation Calculations 

Machine 
Parts 

/Cycle 

Avg.  
Cycle  
Time 

Annual 
Parts 

Annual 
Pounds 

lbs. / 
part 

kg / 
cycle 

Annual 
Production 

Hours 

IM1 – 2 (ES7000/750,  
Baseline Proxy) 

1 22.96 581,680 1,006,306 1.73 0.785 3,710 

IM2 – 2 (EES7000750,  
Baseline Proxy) 

1 23.38 683,512 1,182,476 1.73 0.785 4,439 

IM5 – 2 (H1000 RS135/125L, 
Installed Machine) 

2 20.22 2,257,896 3,906,160 1.73 1.569 6,341 

                

Calculated Evaluation Baseline - 
2 single cavity hydraulic 

 2 23.19   1.73 1.569 7,271 

 

Monitored machine production demand: The evaluation used the monitored data collected to estimate 

the average monitored machine demand during machine production. To complete this calculation, the 

evaluation estimated a minimum production power threshold and then calculated the average monitored 

power above this threshold. The threshold was determined visually using the charts above.  

The calculated average monitored machine demand for the installed machine was assumed to equal the 

average installed demand during all production hours. 

The evaluation adjusted the average proxy baseline machine demand by two factors to calculate the average 

baseline production demand.  The TA performed a similar adjustment by estimating baseline machine power 

at 80% of proxy machine demand. This evaluation made baseline adjustments based upon size and the year 

the proxy machine was manufactured. 

 Age of Proxy: An age adjustment was determined based on previous conversations between the 

evaluator and new baseline machine manufacturer of this specific baseline proxy machine. The 

manufacturer stated that improvements in system design have led to substantial reductions in energy 

consumption for hydraulic machines and estimated that a new hydraulic machine is likely 25% more 
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efficient than a 30 year old machine. The proxy monitored Engel 750 ton IMM was manufactured in 1999 

(14 years old in 2013). The evaluation estimated that a new 674 ton hydraulic machine would consume 

90% of the 14 year old proxy baseline. 

 

 Size of Proxy: The proxy machine has a clamping force of 750 tons, but the assumed baseline 

machines have a clamping force of 674 tons. Machine power increases with size, so the calculated 

demand was reduced further to account for the size difference. The evaluator reviewed the rated pump 

and heater demand for three new Haitian-Saturn machines sizes, 674, 787, and 899 tons. The evaluator 

plotted pump and heater power versus IMM machine size and determined that for every 1 ton increase 

in size, the IMM power increased by 0.158 kW. This translates to a new 674 ton machine consuming 90% 

of a new 750 ton machine making the same part.  

The size and age adjustments combined yield a total baseline adjustment of 81% of the proxy machine. The 

calculation is summarized in Table 9. 

Table 9: Calculation of production demand 

Parameter Baseline Installed 

Production power threshold (kW) 120.0 155.0 

Average monitored production power (kW) 127.6 176.3 

Baseline adjustment: Age of Proxy 0.9 N/A 

Baseline adjustment: Size of Proxy 0.9 N/A 

Number of machines 2 1 

Estimated production demand (kW) 206.7 176.3 

 

Annual machine energy consumption and savings: The evaluation calculated annual machine energy 

consumption by multiplying the estimated production demand by the estimated annual production hours. 

Annual energy savings is calculated as the difference between the annual machine energy consumption.  

Average machine demand, facility hours: The facility operates 8,496 hours per year (24 hours per day, 

7 days per week expect for 11 holidays during the year). It is unknown when exactly during these hours the 

machine production hours occur. The evaluation calculated the average machine demand during facility 

operating hours. This value is lower than the production demand since the machines are not expected to run 

during all facility hours. The installed machine is estimated to operate during 75% of facility hours equal to 

the TA assumption. 

Table 10 shows the calculated efficiency, consumption, average demand during facility hours calculated for 

each case.  While not directly used in this savings calculation, the calculated machine efficiency values and 

associated savings are within expectations. 
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Table 10: Calculation of annual energy savings 

Machine 
Annual 

Production 
(kg) 

Annual 
Production 

Hours 

Production 
Demand 

(kW) 

Efficiency 
(kWh/kg) 

Energy 
(kWh) 

Avg. 
Demand, 
Facility 
Hours 

Baseline Combined –  
2 single cavity hydraulic 

1,771,804 7,271 206.7 0.85 1,503,035 176.9 

Installed –  
1 double cavity hybrid 

1,771,804 6,341 176.3 0.63 1,118,193 131.6 

Savings  930 30.4 0.22 384,842 45.3 

%Reduction  13% 15% 26% 26% 26% 

 

On-Peak Energy and Demand Savings 

The evaluation estimated on-peak energy and demand savings using an 8760 spreadsheet analysis. The 

45.3 kW average demand savings during facility hours was assumed to be the demand savings during all 

hours except the 11 observed facility holidays. Peak demand impacts were estimated based on the average 

hourly savings occurring during the defined peak periods. Percent on-peak energy savings were calculated 

by dividing the sum of on-peak hourly energy savings by the annual savings estimate. Table 11 shows the 

results of this analysis. The lower winter peak demand savings is due to which days are facility holidays 

during the winter holiday season. 
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 11 summarizes 

evaluation results by measure and project. The primary reasons for the variance in project impact is the 

increase in annual production volume and the decrease is estimated operating demand savings. 

Table 11: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

1,000 ton double 

cavity hybrid injection 

molding machine 

Electric energy (kWh) 300,626 384,842 128% 

% of Energy Savings on Peak 62% 47% 76% 

Summer On-Peak Demand (kW) 46.0 45.3 99% 

Winter On-Peak Demand (kW) 46.0 44.2 96% 

Comparison of Assumptions 

The evaluation measured the installed double cavity, 1,000 ton hybrid IMM parameters as well as a proxy 

hydraulic 750 ton IMM that was pre-metered by the site.  The evaluation estimated baseline and installed 

annual production hours from annual production data for the installed machine provided by the site, as well 

as average operating demand from metered data.  Table 12 compares the values of key parameters 

between the tracking and evaluation analyses. 

Table 12: Comparison of Key Parameters 

  BASELINE PROPOSED / INSTALLED 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 

Tracking 

Value(s) 

Evaluation 

Value(s) 

IMM operating hours 4,904 7,271 4,370 6,341 

IMM average demand [kW] 183.4 206.7 137.0 176.3 

 

The evaluator made the following revisions on the parameters used in the TA analysis: 

1. TA annual facility operating hours were estimated as 6,539 hours, which was based upon a facility 

production schedule of 130 hours a week, 52 weeks a year with 10 holidays. The TA assumed that 

the baseline machine would have a utilization rate of 75%, resulting in equating to 4,904 of actual 

machine run hours. The evaluator learned from discussions with on-site personnel that facility 

operation is 24 hours, 7 days a week with 11 observed holidays. Based upon production data 

received from the site on the installed IMM cycle time and the amount of parts produced annually, 

the installed machine operated 6,341 hours also equal to 75% utilization. The TA correctly 

estimating machine utilization, but the facility’s operating hours have changed since installation and 

are reflected in the evaluated results. 

2. It seems that the TA may have monitored the wrong installed IMM, which may explain why the 

average TA metered demand was different than what the evaluation monitored. The serial number 

as indicated on the pre-metered TA data of the installed IMM is different from the machine 

monitored by evaluators. According to the site contact, the IMM monitored by the evaluation is the 

correct IMM incented as part of this project. This was further validated by the production data 

received by the site which shows the same serial number as the evaluated machine. This may 
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explain why average TA metered demand was different than what the evaluation monitored. It is 

unknown what the TA machine was producing at the time of metering. The evaluation also 

monitored the installed IMM for 30 days in five minute intervals where the TA metered for 210 

minutes in one minute intervals.  

Discrepancy Analysis 

The primary drivers of the savings variance are the difference in operating hours and machine power. Table 

13 summarizes the impact of these discrepancies between the tracking and evaluation savings estimates.  

Table 13: Discrepancy Summary 

Parameter(s)  Case Tracking Evaluated Discrepancy Impact on results 

IMM operating 

hours [hours] 

Installed 4,370 6,341 1,971 (+45%) 

Increases savings. Equipment 

was found to run more hours 

than originally estimated. 

Baseline 4,904 7,271 2,367 (+48%) 

Base/Installed 12.2% 14.6% 2.4% 

IMM average 

demand [kW] 

Installed 137.0 179.5 42.5 (+31%) Decreases savings. Both 

installed and base were 

estimated to consume more 

power, but the estimated 

savings was less. 

Baseline 183.4 206.7 23.3 (+13%) 

Savings 46.4 27.2 -19.2 (-41%) 

 

Improvement Opportunities 

Overall, no improvement opportunities exist based on this project’s evaluation. The accuracy of the tracking 

savings calculation may have been better if a more recent or new hydraulic machine was used to estimate 

baseline energy consumption. However, achieving ideal baseline metering is challenging and proxy metering 

is the next best option. The TA did correctly make an effort to adjust the proxy metering to better estimate 

the consumption of new equipment. 
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NATIONAL GRID 03 

Program Administrator National Grid 

Project ID(s) 2602447, 3071628 

Project Type New Construction 

Program Year 2013 

Evaluation Firm SBW 

Evaluation Engineer Jeremy Stapp  

Senior Engineer Lynn Qualmann 

 

PROJECT DESCRIPTION 

This M&V report covers two New Construction applications at one site.  The site is a manufacturing facility 

that produces precision parts mainly for the medical industry using injection molding machines.  These two 

applications were implemented with one injection molding machine (IMM) installed for each application as 

follows: 

 Application 2602447:  One (1) 83-ton all-electric IMM 

 Application 3071628:  One (1) 88-ton all-electric IMM   

The TA baseline condition for both applications was an 88-ton hybrid (hydraulic/electric) IMM.  The all-

electric machines do not utilize hydraulics, and are therefore more efficient than hybrid machines, which 

typically utilize a hydraulic press. Discussions with the site revealed that the all-electric machines purchased 

for this project were required to make the precision medical parts for which the machines were purchased, 

and that hydraulic and hybrid machines were never considered.  The installed all-electric machines therefore 

constitute standard practice for the customer and this project is considered to produce no savings.  Table 1 

shows the overall evaluation results for application 2602447. Table 2 shows the overall evaluation results for 

application 3071628. 

Table 1: Application 2602447 Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 28,735 0 0% 

% of Energy Savings on Peak 70% 0% 0% 

Summer On-Peak Demand (kW) 5.01 0 0% 

Winter On-Peak Demand (kW) 5.01 0 0% 

 

Table 2: Application 3071628 Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 28,888 0 0% 

% of Energy Savings on Peak 70% 0% 0% 

Summer On-Peak Demand (kW) 5.04 0 0% 

Winter On-Peak Demand (kW) 5.04 0 0% 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the projects.  The same exact approach was used to calculate savings for both applications covered 

under this report, and both estimates were done by the same vendor around the same time. 

Baseline 

A NISSEI FS 80 88-ton hybrid machine already existing at the plant was used to calculate baseline energy.  

The TA assumed that this proxy machine was similar to both assumed baseline models in terms of size and 

parts produced.  The shot weights were almost identical (13g in the proxy baseline and 12g in both 

proposed cases).  The cycle times were different (38 sec in the proxy baseline and 21 sec in both proposed 

cases).  The TA stated that the difference in cycle time takes place in the cooling portion of the cycle, when 

the least amount of energy is expended.  Based on this, they assumed that the cycle time for the baseline 

case was equal to the proposed case cycle time of 21 seconds.  The machine was metered on 5/20/13 

between 15:30 and 16:30 with a metering interval of one minute and yielded 10.27 average kW demand.  

The TA assumed the same part was being produced all year and therefore that the average demand during 

the metering period applied to all hours of production. 

Annual production hours were calculated based on data supplied by the site.  

A = U * (W * Y - (H * 24hrs/day)) 

Where: 

A = Annual production hours 

U = Machine utilization rate (fraction of time machine is operating: 0.88) 

W = Production hours per week (120) 

Y = Production weeks per year (52) 

H = Holidays per year (no production: 21) 

This yielded 5,048 hrs/yr.   

Baseline kWh was calculated as: 

kWh/yr = average kW over metered period * production hrs/yr = 10.27 kW * 5,048 hrs/yr = 51,818 kWh/yr 

Table 3 shows the key baseline parameter assumptions utilized in the tracking analysis. 

  

http://www.dnvgl.com/
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Table 3: Baseline Key Parameters 

 
BASELINE 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Number of IMMs and types 
(1) 88-ton 

hybrid IMM 
TA   

Number of product types 1 TA site contact interview   

Machine production hours per week 120 TA site contact interview  

Machine production weeks per year 52 TA site contact interview  

Machine holidays per year (no 

production) 
21 TA site contact interview  

Machine utilization rate (% of time 

machine is producing parts) 
88% TA site contact interview 

The site contact gave the 

TA a value of 92%.  The 

TA used 88% to be 

conservative. 

Calculated machine annual 

production hours 
5,048 TA calculation workbook  

Average power demand during the 

production cycle 
10.27 kW TA meter data 

 

 

Proposed Condition 

Two all-electric IMM’s were installed (one for each application): 

 Application 2602447:  One Sumitomo SE75DUZ 83-ton all-electric IMM 

 Application 3071628:  One Arburg Allrounder Model 470 A 800-290 88-ton all-electric IMM   

Both machines were installed before the TA calculation was completed.  To estimate the annual energy for 

application 2602447, the total kW of the Sumitomo machine was metered on 5/20/13 between 15:30 and 

16:30 with a metering interval of one minute and yielded an average demand of 4.57 kW.   

To capture the energy used by the Arburg machine (application 3071628), the TA metered the heater 

energy and non-heater energy (press, screw motor, etc.) separately, calculated the kW for each, and 

summed the two to get the total machine kW.  The heaters were metered on 6/14/13 from 15:40 to 16:23 

(yielding 0.925 kW average demand), and the non-heater power was metered on 6/14/13 from 15:02 to 

15:28 (yielding 3.617 kW average demand), both at one-minute intervals.  Total average power over the 

metering period was calculated as 0.925+3.617=4.54 kW. 

The TA used annual production hours identical to the baseline.  kWh was calculated using the same methods. 

Sumitomo kWh = 4.57 kW * 5,048 hrs/yr = 23,083 kWh/yr 

Arburg kWh = 4.54 kW * 5,048 hrs/yr = 22,931 kWh/yr 

Table 4 shows the key proposed case parameter assumptions utilized in the tracking analysis. 
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Table 4: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Number of IMMs and types 
(1) Sumitomo 83-ton & (1) 
Arburg 88-ton all electric-

IMMs 

Invoices, Minimum 
Requirements 

Documents 

  

Number of product types 1 
TA site contact 

interview 
  

Machine production hours 
per week 

120 
TA site contact 

interview 
 

Machine production weeks 

per year 
52 

TA site contact 

interview 
 

Machine holidays per year 
(no production) 

21 
TA site contact 

interview 
 

Machine utilization rate (% 
of time machine is 

producing parts) 

0.88 
TA site contact 

interview 

The site contact gave 
the TA a value of 92%.  
The TA used 88% to be 
conservative. 

Calculated machine annual 
production hours 

5,048 
TA calculation 

workbook 
 

Average power demand 
during the production cycle 

Sumitomo 83-ton: 4.57 kW 
Arburg 88-ton:  4.54 kW 

TA meter data 
 

 

Tracking Calculation Methodology 

The savings for these measures was due to a measured reduction in average power demand between the 

baseline and proposed machines.  The TA assumed that a similar part was being made by the baseline and 

proposed machines.  kWh savings was calculated simply as baseline IMM energy minus proposed IMM 

energy.  Specifically, 

Sumitomo kWh Savings = 51,818 kWh – 23,083 kWh = 28,735 kWh 

Arburg kWh Savings = 51,818 kWh – 22,931 kWh = 28,887 kWh 

Demand savings was calculated using kWh savings divided by total facility operating hours.  Facility 

operating hours were defined as annual machine production hours (calculated above as 5,048 hrs) but 

without the machine utilization rate of 0.88, which yielded 5,736 hrs. 

Sumitomo kW Savings = kWh Savings / Facility operating hours = 28,735 kWh / 5,736 hrs = 5.010 kW 

Arburg kW Savings = kWh Savings / Facility operating hours = 28,887 kWh / 5,736 hrs = 5.036 kW 

MALCIEC guidelines (Table 5) were used in the determination of Summer and Winter On-Peak kW savings, 

and Percent of Savings On-Peak.  However, the demand savings was assumed constant for all hours of 

operation so it was not necessary to calculate separate seasonal demand savings. 

Percent of energy savings on peak was defined as the savings occurring during peak hours (6am – 10pm, 

Monday-Friday, excluding holidays) divided by the total facility operating hours (described above).  This 

yielded 4,032 hrs / 5,736 hrs = 0.70, or 70%. 

HVAC interactive effects were not included in the tracking analysis.  

http://www.dnvgl.com/
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Table 5:  MALCIEC Demand Savings Definitions 

Savings Quantity Savings Definition 

% of Energy Savings on Peak All Months:  6am-10pm excluding nine holidays 

Summer On-Peak Demand (kW) June, July, August: 1pm-5pm  M-F excluding holidays 

Winter On-Peak Demand (kW) December, January: 5pm-7pm  M-F excluding holidays 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the Evaluated savings for the 

project.  Two site visits were conducted to gather information and install metering since during the first site 

visit the proxy baseline machine failed.  The second visit was conducted after the baseline machine was 

repaired to install metering on that machine.     

Measure Verification 
The project measures were verified to document installation and operation as indicated in Table 6. 

Table 6: Measure Verification 

Measure Name Verification Method Verification Result 

Application 2602447 (Sumitomo) 

Injection Molding Machine 
Metering / Production Data / Interviews Installed & Operating 

Application 3071628 (Arburg) 

Injection Molding Machine 
Metering / Production Data / Interviews Installed & Operating 

 

Data Collection 

Metering equipment was deployed on both installed machines. The following is a brief summary of data 

collection activities at this site: 

 1st Site Visit: 

o Metering gear deployed on installed machines  

o Proxy baseline machine broke down and could not be metered 

o Site contact indicated the precision of the installed machines was required to meet the high-

precision specifications demanded by the customer’s client in the manufacture of the medical 

parts being produced; no other type of IMM was considered for purchase 

 2nd Site Visit 

o 2 months of installed machine data retrieved  

o Metering gear installed on proxy baseline machine 

o Site contact again indicated that the installed machines were required for their precision 

 Follow-up site interview 

o Site contact indicated the proxy baseline hybrid machine could produce the parts being 

manufactured on the installed machines. While this might be inferred as an apparent 

contradiction to statements made during the 2 site visits, it is not, due to the lack of 

sufficient precision required in the manufacture of the parts; the contact never indicated that 

the baseline machine assumed in the TA study was standard practice 

http://www.dnvgl.com/
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Table 7 and Table 8 show the data that was collected during the site visits.   

Table 7: Evaluation Data Collection – Installed and Baseline Equipment 

Parameter 
M&V Equipment Brand 

and Model 

Metering 

Period 

Metering 

Interval 

IMM total power (kW) to capture usage while on 

site (1 baseline, 2 installed machines) 
Dent Elite Pro 5 to 10 minutes 1 second 

IMM total power (kW) (1 baseline, 2 installed 

machines) 
Dent Elite Pro 1 to 4 weeks 1 minute 

 

Table 8: Evaluation Data Collection – Data Received 

Source Parameter Interval Duration 

Customer 
Total kg of product during metering period, 

(shot weights and cycle times) 
4 weeks 4 weeks 

Customer Total kg of product during previous year  
Previous year beginning at end 

of metering period 
1 year 

Customer 
Machine annual production schedule, 

including holidays and scheduled down times 
1 year N/A 

Customer / 

Observations 

HVAC Parameters: 

 HVAC annual operating hrs 

 HVAC cooling efficiency (code minimum) 

  

1 year N/A 

 

Evaluation Savings Analysis 

Baseline 

Both applications were completed under the New Construction program for which the baseline for measures 

without an agreed code is the industry standard practice.  The baseline assumed by the TA for both 

applications was a hybrid machine.  According to the site contact, only a machine with the precision afforded 

by the installed machines could meet his client’s requirements.  The standard practice is an all-electric 

machine like the ones installed for this project.   

The site contact indicated later on that the baseline proxy machine is technically capable of producing the 

parts, but his earlier statements imply it could not have done so with the required precision. 

Installed Condition 

The installed machine for both applications is an all-electric injection molding machine.  No other type of 

IMM was considered other than the installed machines, so the baseline and installed cases are equivalent. 

Based on these reasons, the evaluators have concluded that the installed machines represent industry 

standard practice and that no savings exists for these two applications. 
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EVALUATION RESULTS 

Results of the evaluation can be seen in Table 9 and Table 10. 

Table 9: Application 2602447 Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 28,735 0 0% 

% of Energy Savings on Peak 70% 0% 0% 

Summer On-Peak Demand (kW) 5.01 0 0% 

Winter On-Peak Demand (kW) 5.01 0 0% 

 

Table 10: Application 3071628 Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 28,888 0 0% 

% of Energy Savings on Peak 70% 0% 0% 

Summer On-Peak Demand (kW) 5.04 0 0% 

Winter On-Peak Demand (kW) 5.04 0 0% 

 

Improvement Opportunities 

In some cases like the one presented in this report, an all-electric IMM is preferred for producing precision 

parts, meaning that it constitutes industry standard practice in these cases.  We recommend that IMM 

standard practice be studied further, and that industries that typically prefer all-electric IMMs be identified. 

http://www.dnvgl.com/
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NATIONAL GRID 04 

Program Administrator National Grid 

Project ID(s) 
2012: 2017619 
2013: 3552102 

Project Type Retrofit 

Program Year 2012. Commissioning adjusted in 2013. 

Evaluation Firm DNV GL 

Evaluation Engineer Srikar Kaligotla 

Senior Engineers Amit Kanungo & Andrew Wood 

 

PROJECT DESCRIPTION 

This is a retrofit project that replaced (95) existing air/water type tower snow guns with a higher efficiency 

snow guns in 2012. Final tracking savings were determined after commissioning the project in 2013. The 

snow guns replaced represent a portion of the snowmaking system in a mountain ski area. These snow guns 

use compressed air to convert water to snow. The internal design of the newly installed snow guns allows for 

a portion of the compressed air to be turned off at lower ambient conditions (i.e. < 28˚F wet bulb) compared 

to the existing guns. Energy savings are expected due to a reduction in compressed air energy consumption. 

Due to uncertainty in the snow making production vs time-of-day, the annual % energy savings on-peak 

and winter on-peak demand tracking savings were set to zero in the tracking analysis.  

A total of 270 snow guns were operating on the mountain at the time of evaluation using three (3) air 

compressors. Of these, 116 are of the high efficient variety and the remaining are standard efficiency snow 

guns.  Table 1 below shows the evaluated energy savings estimate and the final realization rate of the 

project. Note that while the project application provided rebates for 95 snow guns, all 116 high efficient 

snow guns were installed as part of this project per the customer and project invoices. The 21 high efficiency 

snow guns that were not included in this project were new installations rather than replacements of existing 

equipment. 

This report documents the data collected, assumptions made, and analysis completed to determine the 

evaluation savings shown. The primary reason for the reduction in savings is the lack of any consideration of 

the diversity in equipment operation, both snow gun and compressor, in the original analysis. This was a 

significant and avoidable oversight by the program. 

Table 1: Project Details 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 472,445 221,487 47% 

% of Energy Savings on Peak 0% 38% N.A. 

Summer On-Peak Demand (kW) 0 0.0 N.A. 

Winter On-Peak Demand (kW) 0 101.2 N.A. 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the tracking savings claimed 

for the project including baseline assumptions, proposed equipment, tracking calculation methodology along 

with the underlying assumptions that were used in the calculations to estimate the tracking savings. Finally, 

this section also goes over a few limitations of the tracking savings methodology that was used to estimate 

savings for this project. 

The snowmaking system at this mountain covers approximately 91.3 acres of ski terrain. In the tracking 

calculation, the TA assumed an equal amount of water was consumed both in the old and the new snow 

guns to produce same amount of snow. Primarily, the savings were the result of reduction in compressed air 

usage by using the new snow guns during favorable weather conditions as specified by the manufacturer 

(i.e. <20˚F wet-bulb temperature). Therefore, the TA compared pre-and post-compressed air usage to 

estimate the savings for this measure. 

Baseline Condition 

Table 2 shows the key baseline parameter assumptions utilized in the tracking analysis. The compressed air 

volume produced air per unit compressor power of 5.8 CFM/kW was determined using the compressor total 

rated capacity of 9,696 CFM and total compressor power of 1,674 kW. The source for these values were not 

mentioned in the TA report.  

Table 2: Baseline Key Parameters for each application  

  BASELINE 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Air Compressors (total of all 3) 

9,696 CFM,  

1,673 kW @ Full 

Load 

TA report  

Annual Operating Hours @<20˚F (hours) 411 TA report 

6-year average, calculated 

using historical system 

operational data provided by 

the ski-mountain facility staff. 

Required compressed air flow rate when 

ambient wet-bulb temperature is <20˚F 
100 CFM per gun TA report  @ 39 GPM of water 

Total compressed air flow rate @ unit 

power 
5.8 CFM/kW TA report 

(Total Capacity/ Total power) 

= (9,696 CFM/1,673 kW) 

Proposed Condition 

The proposed condition was (95) new air/water tower type snow guns with a new design. The proposed 

snow guns use a reduced amount of compressed air to produce the same amount of snow when the ambient 

wet-bulb temperature is below 20˚F. To reduce the air consumed and achieve savings, a valve with a manual 

handle must be adjusted at each new snow gun. Table 3 shows the key proposed case parameter 

assumptions utilized in the tracking analysis.  
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Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Average Annual Operating Hours @<20˚F 

WB (hours) 
411 Calculated by TA  

6-year average, calculated 

using historical system 

operational data provided by 

the ski-mountain facility staff. 

Required compressed air flow rate when 

ambient wet-bulb temperature is <20˚F 

30 CFM per 

gun  

Reported performance 

data 

 @ 39 GPM of water flow. This 

values was updated to 26 CFM 

in evaluation based on 

manufacturer specifications. 

Total compressed air flow rate @ unit power 5.8 CFM/kW Calculated 
(Total Capacity/ Total power) 

= (9,696 CFM/1,673 kW) 

Tracking Calculation Methodology 

This sub-section shows the calculation methodology used in the tracking documentation to determine the 

savings. Per the TA analysis, the savings in the project are due to the reduction in compressed air needed by 

the proposed snow guns when the ambient wet-bulb temperature is below 20˚F.  

From Table 2 and Table 3, 

Compressed air flow rate per snow gun to produce snow (Pre-retrofit)   = 100 CFM 

Compressed air flow rate per snow gun to produce snow (Post-retrofit)  = 30 CFM 

Compressed air savings per snow gun       = 70 CFM 

 

Compressed Air flow rate @ unit power calculated as shown below 

Total compressed air capacity       = 9,696 CFMError! Bookmark not 
defined. 

Total compressor power       = 1,607 kWError! Bookmark not 
defined. 

Compressor cooling power       = 66 kWError! Bookmark not 
defined. 

Total compressed air power       = 1,674 kW 

Therefore, Compressed Air flow rate/Unit Power    = 9,696 CFM/ 1,674 kW 

         = 5.8 CFM/kW  

 

Estimated Savings per snow gun      = 70 CFM / 5.8 CFM/kW 

         = 12.1 kW 

No. of Snow guns replaced      = 95 

Average annual operating hours (@<20˚F WB)    = 411 Hours  

Annual Energy Savings (kWh)       = 12.1 kW *411 hours * 95 units 

         = 472,445 kWh 
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Commissioning  

Project savings were claimed in two different years as is the case where commissioning is to be completed 

and cannot be done until the next year. In 2012, the program administrator estimated the total energy 

savings shown above, but only reported 80% of the value, reserving 20% of the estimated savings until 

commissioning could be completed. When commissioning or additional verification was completed the 

remaining 20% of the savings was claimed in the following year.  

Evaluator Assessment of Tracking Savings 

The TA used an appropriate method to estimate the per unit kW reduction achievable through the 

installation of and operation of this measure. However, the TA did not appropriately account for two practical 

aspects of post installation operation at this site which resulted in an overestimation of savings. First, the TA 

did not consider what the post installation compressor power would be under efficient operation. The TA 

methodology assumes that two of three compressors will not operate under efficient conditions, but did not 

check if the inherently estimated post-install kW aligns with the actual equipment power. This was a minor 

issue in the analysis. Second, the analysis inherently assumes that all high efficiency equipment is operating 

during all 411 hours in the year @<20˚F WB. For this project, the TA estimated savings based on the 

replacement of 95 units in a system of 249 units (38% of units). The analysis should have utilized a 

diversity factor to estimate the percent of high efficiency snow guns operating during these hours. 

Commissioning the project provided the program with an additional opportunity to identify and address 

issues in the original analysis. At minimum, the commissioning activities should have included a review of 

system data after a cold period to verify the assumed post project compressor power, an interview with the 

facility to understand how often they are using the energy efficiency mode of the new equipment, and an 

interview to understand where in the system the new units were installed and how the system is managed.  

It was not clear to the evaluator what activities were undertaken. 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions that were used to evaluate the savings for the 

project. 

The evaluation was conducted in the following steps: 

1. Contacted the customer and scheduled a site-visit. During this initial contact, evaluators collected 

specifications on all air compressors.  

2. Conducted a comprehensive interview with the plant manager/staff and snow gun manufacturer to 
collect measure related operational parameters.  

3. Performed measure verification and installed power meters/data loggers to measure actual performance 

data. 

4. Downloaded annual snowmaking data from the onsite energy management system (EMS). 

5. Performed engineering analysis to evaluate the savings.  

6. Report the evaluation results. 

Measure Verification 

The evaluator visited the site on December 28th, 2015 to verify the installation and begin data collection. 

The evaluation verified 116 new high efficiency snow guns on-site using customer records and observations 

of a sample of snow guns. The customer received credit for replacing (95) old snow guns and the remaining 

21 of were bought new and were an expansion of the number of units in the snowmaking system. It was 

determined through site interview and review of project invoices that all 116 snow guns were installed at the 

same time and part of the same project. The evaluation checked PA records and no project was found 

supporting the purchase of these 21 new units. Table 4 shows the results of measure verification. 

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

(95) EE Snow guns  

Make, Model, Type, Name plate Information 

verified by visual inspection and invoice 

review. 

(116) energy efficient snow guns were 

installed per the customer records, 95 were 

replacements and 21 were new. Evaluation 

team verified installation by visual inspection. 

Data Collection 

Machine Monitoring: Evaluators monitored the operating kW of all three air compressors that supply air to 

all snow guns in the system using Dent ElitePro loggers. The air compressors were monitored for 

approximately 3.5 months, including a period in March after the facility stopped making snow. The data 

collected from the air compressors along with the provided snow making data received from the site was 

used in the evaluation analysis. Table 5 describes the monitoring completed for this evaluation. Error! 

Reference source not found. shows the total monitored power of all three air compressors and 

corresponding outdoor dry bulb temperature. The chart shows periods when metering on at least one 

machine was not collected. These periods were due to both loss of power to the facility and loss of power to 

individual machines. 

Note that the air compressors stopped operating after the first week in March in 2016 due to the weather. 

Site personnel stated that operation typically runs through the 15th of March. 

http://www.dnvgl.com/
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Snow Making Data: The site also provided other important measure related performance parameters to 

support the savings calculation.  This included about a year of compressed air flow and snow making paper 

logs for 2014/15 and EMS data for a portion of the 2015/16 season. The paper files were transcribed into a 

spreadsheet by the evaluator. Table 6 shows the data that was received from the site as part of this 

evaluation.  

Table 5: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment Brand 

and Model 

Metering Start/Stop 

Dates 

Sampling 

Interval 

Electric power and energy use (kW and 

kWh) of Air Compressor 
Dent Elite-Pro Logger 

December 28th, 2015 - 

April 15th, 2016 
5 minutes 

Table 6: Evaluation Data Collection – Data Received 

Parameter Source Duration Interval 

Snow Making Log for 

2014/15 season 

DNV GL transcribed hand-written log of Snow 

making times on each trail and the 

respective air flow (CFM) 

November 11th 

2014-January 22nd, 

2015 

1 hour* 

Ambient local humidity and 

Summit temperature 

Customer EMS snow making operation data 

2015/16 season 

February 2015-June 

2016 
1 hour 

System Air flow (3 

compressors) 

Customer EMS snow making operation data 

2015/16 season 

November 16th 

2015-March 31st, 

2016 

1 hour* 

Snow gun counts (per trail) Customer records (Image file) N.A. N.A. 

*Recorded during snow making hours only  

Figure 1: Compressor operation (kW) and Summit temperature (˚F) during monitoring period  
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Information Learned 

The following information was learned through the site interview and/or determined from the data collected. 

 The facility operates November through March of every year. Per the facility staff, the snow making 

operations are randomly distributed within each month, primarily due to varying ambient conditions.  

 This TA study estimated average annual snowmaking hours of 721 hours per year based on six 

previous seasons. Five seasons had 700 – 800 hours and one season had 542 hours due to 

significantly above normal snowfall. 

 The facility operates 270 Snow guns in total out of which 116 are the new Energy Efficient (EE) 

Snow guns. The other 154 units do not have the ability to use less air during low temperature 

conditions. The EE snow guns are distributed throughout the trail system.  

 Both Non-EE and EE snow guns regularly operate simultaneously during the snow making. The 

system is not designed to track operation of each snow gun. Operator logs show which trails had 

guns in use, but not how many or which type. 

 All 3 compressors are Unloading/Loading type compressors and there was no change to the system 

pre- to post installation. No system changes are expected in the future.  

 System pressure is 100 PSIG. System operating pressures did not change with retrofit. 

 All 3 compressors operate in Load/Unload mode based on the compressed air requirement. The 

compressed air requirement is based on the outside air conditions and snow making equipment in 

use. 

 There are no indirect savings in the project. Air compressor heat is being rejected into the nearby 

lodge (using a glycol pump) but will not be included in the calculation as the glycol pump is 

undersized and runs at full load in both pre- and post-installation cases (i.e. the amount of waste 

heat that is being reused remained same, pre-installation and post-installation). 

 When operating in EE mode, the facility has observed one less compressor running than would have 

run prior to the project or would run during non-EE periods in the installed case. One less 

compressor is needed due to the decrease in compressed air required.  

 The facility manager stated that the new equipment can be operated in high efficiency mode at 

approximately 28˚F-30˚F outside dry-bulb temperatures, if humidity in the atmosphere is high. The 

site may make high efficiency snow even if the outside wet-bulb temperature is greater than 20˚F, 

as assumed in the TA study and recommended by the manufacturer.  

 Not all snow making hours yield savings, only snow making hours with favorable ambient conditions 

and restricted airflow produce savings. 

 All the snow guns do not operate at once; they are turned ON depending on the requirement on 

each trail. Review of the paper 2014/15 instantaneous logs shows that there are periods when only 

one trail is ON. The maximum number of trails ON at one time was 5 of 12 (not all trails are equal in 

size).  The maximum CFM recorded was 10,000, which could represent a maximum number of snow 

guns operating to range from 43 to 70, assuming all units for trails with active snowmaking were 

ON. 

http://www.dnvgl.com/
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 Facility staff are trained to manually engage EE mode on the new snow guns when conditions are 

favorable. Overall, staff believe they always adjust the equipment to EE mode when conditions are 

favorable. 

Evaluation Baseline Review 

Based on the interview conducted with the facility manager, the evaluation team concludes that the pre-

retrofit snow guns (95) could have continued to be operated by the site and therefore are the appropriate 

baseline for this retrofit project.  

The evaluators did investigate whether or not it would be appropriate to include savings from the 21 new 

snow guns in the evaluation analysis, but concluded that they should not since the TA study indicated that 

purchasing the pre-retrofit equipment from the preferred manufacturer was not an option for the site for 

these 21 additional units purchased. Without sufficient information documenting an alternative to the 

equipment purchased, the evaluation assumes the program did not claim savings for these new units due to 

them being equivalent to standard practice for the customer at the time. 

The following information was used for this baseline review: 

 Project timing: This project was initiated in December 2011 and installed in July 2012. Site 

personnel interview for the evaluation was conducted in April 2016.  

 Participation history: The site indicated that both EE and previously purchased non-EE snow guns 

are operating on-site. Per the site contact the site participates in various National Grid programs.  

 Facility decision making: Site indicated that they make the decisions based on the options they have 

and do consider the available incentives. 

 Part specifications: The newly installed snow guns were manufactured by HKD Snow makers and the 

model installed was HKD Impulse SV10 with KLIK hydrant package. The replaced units were also 

manufactured by HKD. 

Evaluation Savings Analysis 

The evaluation analysis utilizes an 8760 spreadsheet to consider hourly weather conditions of a typical year 

and easily account for peak savings impacts. The site saves energy when the snow guns use less 

compressed air (EE mode) when the outside dry-bulb (ODB) temperature is less than 28˚F per the facility 

manager.  Note the Tracking analysis used 20˚F outside wet-bulb (OWB) temperature per manufacturer 

recommendations. The evaluation used Worcester, MA TMY3 weather data in the analysis since the real 

time- weather data for the 15/16 season in Worcester best matched the temperatures shown in the EMS 

data (onsite weather) compared to other weather stations. Savings were calculated for all the hours when 

the following conditions are met: 

1) In snow making season: November 16th - March 15th.  

2) Hourly TMY3 ODB<28˚F. The site contact stated that EE mode is initiated when ODB<28˚F-30˚F and 

humidity conditions were favorable. The evaluation restricted the calculation to ODB<28˚F to limit 

the number of unfavorable humidity conditions in the analysis. 

http://www.dnvgl.com/
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For the hours identified as potential EE snow making hours using the conditions above, the evaluated energy 

savings calculation has the form: 

Hourly Savings = %likelihood of snowmaking * %likelihood of EE mode * Demand Savings (kW) * Proration 

Each of these terms and their estimation is described in detail below. 

Likelihood of snow making = How likely is it that any snow is made during this hour? 

Snow is not made in every hour of the year during winter season, even if the conditions for energy efficient 

snow making are favorable. Snow is made at specific times of day and during specific times of the year. The 

decision to make snow is based on multiple factors and even the type of snow produced varies during the 

season. The evaluation used customer provided EMS snow making operation data to calculate what percent 

of hours with ODB<34°F had snow making occurring during the 15/16 season. There were a small number 

of hours at or above 34°F with snowmaking. The evaluation decided to limit snowmaking to hours to below 

34°F to prevent assigning too much snowmaking to warmer hours. It was assumed that snow making 

occurred if at least one air compressor was operating. Two profiles were created, one for hours with 

ODB<=28°F and one for 28°F<ODB<34°F. This split was done to prevent the analysis from over estimating 

snowmaking during warmer hours and to develop a profile for potential EE hours (ODB<=28°F) 

The resulting 15/16 seasonal profile was then calibrated to create a normal profile for use in the analysis. 

The profile was calibrated so that the total hours of operation when ODB<34°F did not exceed the average 

hours of snow making operation as shown in Error! Reference source not found.. 

Table 7: Total snow making hours for previous years per the customer records 

Season 
Operating  

Hours 
Notes 

2005/06 786   

2006/07 784   

2007/08 737   

2008/09 732   

2009/10 542 Heavy snow year excluded from average. Required less snow. 

2010/11 744   

Pre-Retrofit 
Average 

757 
Assumed average annual operating hours. Analysis calibrated to 
prevent annual EE operating hours from exceeding this value. 

Evaluation,  
total snow making 

hours 
755 Estimated number of hours that snow making occurs annually.  

 

The final calibration factor of 50% was calculated iteratively1 and applied directly to the developed 15/16 

profiles to create assumed normal profiles. These normal profiles were then applied to the TMY weather in 

the 8,760 spreadsheet to estimate the likelihood of snowmaking in any hour of the year and the total 

snowmaking hours for a typical year. The 2015/16 season was a relatively warm year and therefore required 

more snow during favorable conditions making at the mountain since the snow made would melt faster than 

                                                
1  A 100% calibration factor yields 1,328 hours which is unlikely at the site based on the total snow making hours in the past 6 seasons.  
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normal. Table 8 shows the 15/16 ODB<=28°F likelihood profile (left) and the calibrated profile for 

ODB<=28°F used to estimate evaluated savings (right) with TMY weather data. Profiles were created by 

month and hour of day to account for the differences in operation between the start and end of the season. 

If no data existed in the 15/16 season for specific cells, the evaluation filled them in. This profile, when 

applied to the TMY weather, estimated that there are 610 hours per year when snowmaking occurs during 

conditions favorable for EE snowmaking. 

Table 8: Likelihood (%time ON) of snow making when ODB<=28°F during snow season 

 2015/16 Season Profile (EMS Data) Calibrated Normal Profile (Evaluation) 

Hour  Nov Dec Jan Feb Mar Nov Dec Jan Feb Mar 

12 AM 100% 100% 97% 87% 80% 50% 50% 49% 43% 40% 

1 AM 100% 100% 94% 85% 71% 50% 50% 47% 42% 35% 

2 AM 100% 100% 94% 86% 71% 50% 50% 47% 43% 35% 

3 AM 100% 100% 94% 86% 71% 50% 50% 47% 43% 35% 

4 AM 100% 100% 95% 84% 67% 50% 50% 47% 42% 33% 

5 AM 100% 89% 93% 84% 63% 50% 44% 47% 42% 32% 

6 AM 100% 90% 93% 78% 67% 50% 45% 46% 39% 33% 

7 AM 100% 92% 93% 58% 27% 50% 46% 46% 29% 14% 

8 AM 100% 92% 90% 0% 0% 50% 46% 45% 0% 0% 

9 AM 100% 88% 89% 0% 0% 50% 44% 45% 0% 0% 

10 AM 100% 80% 88% 0% 0% 50% 40% 44% 0% 0% 

11 AM No Data 80% 91% 0% 0% 50% 40% 45% 0% 0% 

12 PM No Data 80% 93% 0% 0% 50% 40% 47% 0% 0% 

1 PM No Data 80% 95% 0% 0% 50% 40% 48% 0% 0% 

2 PM No Data 80% 95% 0% 0% 50% 40% 48% 0% 0% 

3 PM No Data 80% 95% 0% 0% 50% 40% 48% 0% 0% 

4 PM 100% 83% 93% 20% 0% 50% 42% 47% 10% 0% 

5 PM 100% 89% 91% 36% 0% 50% 44% 46% 18% 0% 

6 PM 100% 89% 91% 50% 0% 50% 44% 46% 25% 0% 

7 PM 100% 89% 96% 50% 0% 50% 44% 48% 25% 0% 

8 PM 100% 100% 97% 67% 0% 50% 50% 48% 33% 0% 

9 PM 100% 100% 97% 73% 70% 50% 50% 48% 37% 35% 

10 PM 100% 100% 96% 75% 77% 50% 50% 48% 38% 38% 

11 PM 100% 100% 97% 77% 80% 50% 50% 49% 38% 40% 

 

Likelihood of Savings = How likely is it that savings occur when snow is being made and 

ODB<28°F? 

The installed energy efficiency measure requires correct manual operation of the air valves at each snow 

making gun. While the site stated that they believe the valves are always placed in the EE position when 

conditions are favorable, the possibility exists that this is not always the case. To investigate this and assess 

the likelihood of EE mode operation during assumed EE hours, the evaluation used the 2015/16 EMS data. It 

was assumed that if the EE mode was not used during favorable conditions, then the EMS data would show 

3 compressors running instead of 1 or 2. The incomplete data periods during the monitoring period were 

excluded from the analysis. The analysis found that of the 431 hours of snow making operation during 

ODB<28°F conditions there were 133 hours (30.9%) with three compressors running and 298 hours with 

one or two compressors running. The evaluation discussed this at length internally and with National Grid. 

The following two scenarios were assumed to be occurring during these 133 hours: 
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1. The conditions were favorable for EE mode, but for some reason the site decided to not operate in 

EE mode during these hours. The site may have chosen to keep the air valves fully open due to the 

specific weather conditions they were experiencing or desired snow consistency. Given how cold the 

temperatures were during some of the identified hours, evaluators believe this to be unlikely, but do 

not know. 

2. The conditions were favorable for EE mode and the site was operating in EE mode, but was also 

operating more snow making equipment during these hours than could have been operated prior to 

the project. Many of the identified 133 hours occurred during cold periods (ODB<20°F) immediately 

following warm periods (ODB>40°F) that likely included a significant amount of snow melt. It is 

logical to the evaluators that the site would want to make as much snow as possible once 

temperatures dropped to favorable conditions. The evaluation believes this condition is more likely 

and is delivering savings. In order for the site to produce the same volume of snow in the pre-

retrofit condition, the three compressors would have operated for longer hours without the more 

efficient snow guns. 

The evaluation concluded that there is evidence that either imperfect operation is occurring or that the 

project has enabled the site to increase the amount of snow produced in any one hour by reducing the 

average CFM required per operating nozzle and therefore reducing compressor operating hours. The 

evaluation believes the second scenario is more likely, but was unable to determine which scenario is 

occurring and decided to assume that energy savings were occurring during 50% of the 113 hours of three 

compressor operation identified. As a result, the percent likelihood of EE mode operation when conditions 

are favorable and snow making is occurring was estimated to be 84.6% ((298 + 50% * 133) / 431). 

Demand Savings (kW) = Power saved when operating in EE mode 

The evaluation assumed that EE mode operation prevents the use of one compressor. This assumption is 

based on the interview the site manager and review of the data collected. The evaluation recognizes that the 

hourly snow making volume varies throughout the season. The evaluation assumes that during favorable EE 

mode conditions, normal operation would require 2 or 3 compressors and EE operation requires 1 or 2 

compressors for the same volume of snow.  

Equation 1: 

Demand savings (kW)  = Avg. Demand w/ Three Compressors – Avg. Demand w/ Two Compressors 

   = 1572.0 kW- 1048.0 kW 

   = 524.0 kW 

Proration = Adjustment for installation of new units along with retrofitted units 

The assumed reduction in compressor power is partially due to the installation of 21 new EE snow guns at 

the same time as the retrofit. These new units increased the total number of snow guns available to 

operators at the site. To avoid crediting the program for savings due to these new units, the evaluation 

prorated the savings by 81.9% (95 / 116). If total savings is multiplied by this proration, the analysis 

estimates 429.2 kW of savings for every savings hour. 
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Annual Energy Savings 

Annual savings is the sum of all hourly energy savings. 

Equation 2: 

Annual Energy Savings kWh = 

  Σ (%likelihood of snow making * %likelihood of energy savings * Demand savings (kW) * Proration)  

Where, 

Demand savings (kW)     = 524.0 kW (Equation 1) 

%Likelihood of snow making ODB<28°F  = respective month and hour of day from (Table 8) 

%Likelihood of savings     = 84.6% (calculated using EMS snow making operation data) 

Proration      = 81.9% 

On-Peak Savings 

There are no on-peak summer savings occurring as snow making does not occur during the summer peak 

period. On-peak winter savings were directly outputted by the 8760 spreadsheet as the average demand 

reduction occurring winter on-peak hours. The percent of energy savings occurring during peak energy 

hours was calculated by the model using the total energy savings estimated to occur during energy peak 

hours and the total annual energy savings calculated. 

Indirect/Interactive HVAC Energy and Demand Savings 

The site uses the waste heat generated from the compressor plant to heat a local lodge but per the site 

personnel there is no change in amount of heat rejected (installed=baseline) from the compressors i.e. no 

additional savings.  

Analysis Summary 

Table 9 summarizes the analysis and shows the energy savings estimated. Overall, the analysis relies on 

multiple assumptions. Below is a review of these assumptions. 

 The analysis estimates that there are 755 hours in the year when snowmaking occurs. This value is 

calibrated to historic average compressor operation. 

 The analysis estimates that there are 610.0 hours in the year when snowmaking occurs and EE 

snowmaking is possible. This value is higher than the 411 hours assumed in the TA analysis. The 

increase is due to the site informing the evaluation that it will run in EE mode up to 28°F and high 

humidity. The analysis used TMY data and 28°F ODB as the upper limit for EE mode operation. The 

TA used 20°F OWB as the upper limit.  The higher temperature for EE snow making used by the 

evaluation increases the total hours for potential EE snowmaking. 

 Analysis assumes that only 516.1 hours of the 610.0 hours identified produce savings. This 

reduction is based on review of site data showing periods of operation when EE mode was expected, 

but all three air compressors were running. An assumption was made regarding what was happening 

during these periods that resulted in the 84.6% likelihood of savings assumption.   

http://www.dnvgl.com/
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 Proration is used in this analysis to account for periods when the site is operating the new units it 

installed at the same time as the retrofitted units. When operating the new units, a portion of the 

reduction in compressor power achieved is due to the decision to operate new units. The evaluation 

has no information on when these new units are used compared the retrofitted units and therefore 

used a proration based on the number of units installed. 

Table 9: Evaluation analysis summary 

Month 
Total 
Hours 

Total  
Snowmaking  

Hours 

Potential EE  
Snowmaking  

Hours  

Actual EE 
Snowmaking 

Hours  

EE Hours 
after 

Proration 

Evaluated 
Savings 
(kWh) 

Analysis step 

(ODB<34°F *  

likelihood of 

snowmaking) 

(ODB<=28°F *  

likelihood of 

snowmaking) 

(84.6% 

likelihood of 

savings) 

(81.9%) (524.0 kW) 

Nov (Starts on 15th) 360.0 75.2 37.0 31.3 25.6 13,434 

Dec 744.0 245.4 167.3 141.6 115.9 60,759 

Jan 744.0 297.3 269.1 227.6 186.4 97,696 

Feb 672.0 91.2 91.2 77.1 63.2 33,095 

Mar (Ends on 15th) 360.0 45.5 45.5 38.5 31.5 16,503 

SUM 2,880.0 754.5 610.0 516.1 422.7 221,487 
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above. The evaluation determined 

an annual electric energy savings of 280,696 kWh, resulting in an energy realization rate of 59%.  Table 10 

summarizes evaluation results by project.  

Table 10: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Snow Gun Retrofit 

Electric energy (kWh) 472,445 221,487 47% 

% of Energy Savings on Peak 0% 38% N.A. 

Summer On-Peak Demand (kW) 0 0.0 N.A. 

Winter On-Peak Demand (kW) 0 101.2 N.A. 

 

Comparison of Assumptions 

1. The TA savings analysis didn’t account for the diversity in snowmaking operation. TA analysis used 

411 hours for EE snow making and estimated 1,150 kW (Error! Reference source not found.) in 

savings which is equivalent to two (2) compressors demand. The tracking analysis also assumed 

that all 95 snow guns would be used during those 411 hours and 2014/15 snow making data 

(transcribed) clearly shows that this isn’t the case. The mountain has installed some of these high 

efficiency guns on each trail and tends to blow snow on a few trails at a time. Evaluation analysis of 

the 2014/15 data suggests that the EE guns use represented about 40% of all “gun-hours” during 

the season. The project rebated 95 of the 270 units operating or 35% of units. The final evaluation 

analysis assumes that 524 kW in saving occurs over 423 hours. The lower demand savings is due to 

the diversity of equipment used in any hour. The increase in hours is due to differences in the 

definition of favorable conditions discussed below. 

2. The TA appropriately assumed that savings would occur during all 411 hours below 20 ˚F Outside 

Wet-Bulb (OWB) per manufacturer recommendations. However, the customer stated the snow guns 

are operated in EE mode when the ambient temperatures are at about 24˚F OWB or 28˚F ODB and 

high humidity. The current operating sequence results in more EE savings hours than originally 

estimated. 
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Discrepancy Analysis 

The primary driver of the savings variance is the difference in installed and baseline air compressor power 

during EE hours. Table 11 summarizes the impact of these discrepancies between the tracking and 

evaluation savings estimates. 

Table 11: Discrepancy Summary 

Parameter(s)  Case Tracking Evaluated Discrepancy Impact on results 

Air compressor 

operating hours 

in EE mode 

[hours] 

Installed 

(same as 

Baseline) 

411 423 12 (+3%) 

Increases savings. Equipment 

was estimated to run more 

hours than originally estimated. 

Air compressor 

average demand 

in EE mode [kW] 

Installed 525 1,048 523 (+100%) 

Decreases savings. Installed 

system was estimated to 

consume more power than 

assumed and base system was 

estimated to consume slightly 

less power than assumed. 

Installed discrepancy due to TA 

not accounting for equipment 

diversity during operation. 

Baseline 1,674 1,572 -102 (-6%) 

Savings 1,149 524 -625 (-55%) 

 

Improvement Opportunities 

The following improvements were identified: 

1. When multiple units are being installed at a single facility, the program should consider if all of the 

installed equipment will deliver energy savings at the same time. This is typically referred to as 

diversity in operation. 

2. Savings calculations should be careful to not deviate too far from physical constraints. In this case, 

the estimated demand reduction did not account for the number of compressors required and the 

actual power of those compressors. 

3. Program records should correctly account for the number of units being installed even if all units 

aren’t used in the calculation of savings. The customer installed more units at the time of this 

project than documented in project files. 

http://www.dnvgl.com/
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SUMMARY 

An injection molding facility that specializes in custom rubber molding projects retrofitted a total of 14 

motors on 11 hydraulic injection molding machines with variable frequency drives (VFDs). Additionally, this 

site retrofitted three vacuum pump motors with variable frequency drive controls. Prior to implementing this 

project, all motors operated at constant speed when in use.  

With the VFDs installed, the evaluation estimates savings for this project that are 13.4% of the tracking 

savings. The key sources of the discrepancy are: 

 The two largest injection molding machines (IMMs, tags D12 and IMPCO) included in the project 

scope are no longer in operation as the customer pulled their part from production on those 

machines  in October 2013; as these are specialized machines, the site will not be able to run the 

machines again until they find a client with similar needs. The evaluation also found machine D9 to 

not be in use as production levels were satisfied without running this machine. While machine D9 

could be used if production levels increased, the production during the time of the evaluation 

metering is typical of annual production levels.  

 One IMM (tag Battenfield) was installed with an incorrectly sized VFD that is not used and run in 

bypass mode. One additional IMM (tag D4) was never installed with a VFD. Furthermore, machine 

D8 is installed with a VFD that trips frequently and is therefore always run in bypass mode.  

 The demand reduction for machine D10 is less than 10% of the demand reduction predicted in both 

the tracking analysis and the tracking post-installation readings. This is due to a large reduced 

evaluation pre-retrofit power (~25% of the TA pre-retrofit reading) and smaller reduced evaluation 

post-retrofit power reading (~37% of the TA post-retrofit reading).  

Further details regarding this project are discussed in the sections that follow. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 442,906 59,356 13.4% 

% of Energy Savings on Peak 53% 54.6% 103.0% 

Summer On-Peak Demand (kW) 71.48 8.30 11.6% 

Winter On-Peak Demand (kW) 71.48 8.06 11.3% 
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PROJECT DESCRIPTION 

The 40,000 ft2 facility has 11 injection molding machines used for custom rubber injection molding projects. 

One of the 11 machines has three hydraulic pump motors; one has two motors; the remaining nine 

machines have one motor each. Each of the 14 hydraulic pumps serving the injection molding machines 

were upgraded from fixed speed A/C motors to hydraulic servo VFD controlled motors. Additionally, three 

5 HP fixed-speed vacuum pumps were retrofitted with VFD controllers.  

This application estimates the savings from retrofitting the existing hydraulic pumps and vacuum pumps 

with variable frequency drives (VFDs). Energy savings from this measure result from a reduced average 

motor speed due to a reduced pump pressure with the VFD controls. 

A summary of the equipment motor quantities and sizes is provided below.  

  

Machine Tag
Machine 

Qty

Motor 

Qty
Motor HP Total HP

WP 1 1 10 10

Battenfield 1 1 10 10

D1 1 1 30 30

D3 1 1 30 30

D5 1 1 30 30

D4 1 1 40 40

D8 1 1 50 50

D9 1 1 50 50

D10 1 1 50 50

D12 1 2 60, 100 160

IMPCO 1 3 10, 20, 30 60

Vacuum Pumps 3 1 5 5

Total - 17 - 535
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking Savings claimed 

for the project. 

Pre-Retrofit 

The tracking analyst used metering data to establish the pre-retrofit operating demand (kW) for each of the 

three vacuum pumps and 14 hydraulic pump motors serving the 11 injection molding machines. The 

methodology assumed that spot metering (~10 to 30 minutes of wattage data) of the existing units gave 

representative data of typical pre-retrofit operation. It was further assumed that all injection molding 

machines with the same size motor operate with the same demand. Table 2 shows common project 

parameters that were used in both the pre-retrofit and proposed condition estimates of consumption. Table 

3 shows parameters used only for the pre-retrofit estimation. 

Proposed Condition 

The tracking analyst assumed that the use of servo VFD controllers would reduce the motor speed, and 

subsequently power demand, by various percentages during both the injection and idle periods of the cycle, 

depending on the machine and motor size. The parameters used to estimate the proposed case energy 

usage are provided in Table 4 below.  

Table 2: Common Project Parameters 

  PRE-RETROFIT & PROPOSED – COMMON ASSUMPTIONS 

Parameter Value(s) 
Source of 
Parameter 

Value 

Note 

Number of IMMs 
and types 

11 Hydraulic IMMs 
3 Vacuum Pumps 

Site   

Number of 

product types 
Unknown -  

Cycle time for 
each product 

190 seconds (D1, D3, D4, D5, Impco, W.P. 
Battenfield) 
230 seconds (D8) 
235 seconds (D9, D10) 
55 seconds (D12) 

Spot Metering  

Annual operating 
hours 

6,240 hours (D1, D2, D3, D4, D5, D12, WP) 
7,488 hours (D9, D10, Impco, Vacuum Pumps) 
3,744 hours (Battenfield) 
4,368 hours (D8) 

Unknown  

Annual production 
rate, kg or lb 

Unknown -  

Shot weight of 

plastic for each 
molding cycle 

1.7204 pounds for D1, D3, D4, D8, D9, D10, 
Impco, W.P., Battenfield 

2.904/2.8908 pounds for D5 
Unknown for D12 

Unknown  

Number of parts Unknown -  
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Table 3: Pre-Retrofit Key Parameters 

  PRE-RETROFIT 

Parameter Value(s) 
Source of 
Parameter 

Value 
Note 

Average power 
demand during the 

production cycle 

4.89 kW (D1, D3, D4 and D5) 

18.05 kW (D8) 
10.29 kW (D9 and D10) 
45.34 kW (D12) 

32.11 kW (Impco) 
4.83 kW (WP and Battenfield) 
2.52 kW (Vacuum Pumps) 

Spot Metering 

All IMMs - kW metering in 1 second intervals and varying 
durations: 
26.6 min (D1,D3, D4, D5) 
29.9 min (D8) 
20.2 min (D9, D10) 
20.5 min (D12) 

20.2 min (Impco) 

10.1 min (WP, Battenfield) 
 
Vaccum Pumps kW calculated from amperage readings and 
assumed power factor 
 

Annual Operating 
Hours 

6,240 hours (D1, D2, D3, D4, D5, D12, 
WP) 
7,488 hours (D9, D10, Impco, Vacuum 
Pumps) 
3,744 hours (Battenfield) 
4,368 hours (D8) 

Unknown  

Annual production 
rate, kg or lb 

Unknown -  

Shot weight of 
plastic for each 
molding cycle 

1.7204 pounds for D1, D3, D4, D8, D9, 
D10, Impco, W.P., Battenfield 
2.904/2.8908 pounds for D5 

Unknown for D12 

Unknown  

Pre-Retrofit energy 
consumption metric 
(kWh/kg, or 
kWh/lb) 

0.15 kWh/lb (D1, D3, and D4) 
0.089 kWh/lb (D5) 
0.67 kWh/lb (D8) 
0.39 kWh/lb (D9 and D10) 
Unknown (D12) 

0.99 kWh/lb (Impco) 

0.15 kWh/lb (WP and Battenfield) 

Calculated by 
evaluator  
based on TA 
data 

Evaluator calculated using the formula below: 
Energy Consumption kWh/lb =  
Average power demand during production cycle (kW) × 
cycle time (seconds)  
÷ [3,600 seconds/hour × shot weight (lbs)]  

 

Value unknown for D12 as no shot weight provided 
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Table 4: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of 
Parameter 

Value 
Note 

Average power 
demand during the 
production cycle 

1.36 kW (D1, D3, D4 and D5) 
 80% of pre-retrofit kW (Injection); 2% of cycle 
 25% of pre-retrofit kW (Idle); 98% of cycle 

7.04 kW (D8) 
 75% of pre-retrofit kW (Injection); 19% of cycle 
 30% of pre-retrofit kW (Idle); 81% of cycle 

5.71 kW (D9 and D10) 

 75% of pre-retrofit kW (Injection); 20% of cycle 
 30% of pre-retrofit kW (Idle); 80% of cycle 

22.21 kW (D12) 
 75% of pre-retrofit kW (Injection); 30% of cycle 
 30% of pre-retrofit kW (Idle); 70% of cycle 

25.68 kW (Impco) 

 80% of pre-retrofit kW (Injection); 96% of cycle 
 30% of pre-retrofit kW (Idle); 4% of cycle 

2.54 kW (WP and Battenfield) 
 80% of pre-retrofit kW (Injection); 29% of cycle 
 40% of pre-retrofit kW (Idle); 71% of cycle 

1.51 kW (Vacuum Pumps) 

IMM power 
calculated 
based on 
assumed 
percent 
reductions 

in injection 

and idle 
modes and 
pre-retrofit 
kW meter 
data 
 

Vacuum 
Pump 
proposed 
demand 
source 

unknown 

Sources for assumed percent reduction 
values are unknown 

Annual operating 
hours 

6,240 hours (D1, D2, D3, D4, D5, D12, WP) 
7,488 hours (D9, D10, Impco, Vacuum Pumps) 
3,744 hours (Battenfield) 
4,368 hours (D8) 

Same as 
Pre-Retrofit 

 

Annual production 
rate, kg or lb 

Unknown -  

Shot weight of 

plastic for each 
molding cycle 

1.7204 pounds for D1, D3, D4, D8, D9, D10, Impco, 
W.P., Battenfield 
2.904/2.8908 pounds for D5 
Unknown for D12 

Same as 
Pre-Retrofit 

 

Number of parts Unknown -  

Installed energy 
consumption metric 
(kWh/kg, or 
kWh/lb) 

0.042 kWh/lb (D1, D3, and D4) 
0.025 kWh/lb (D5) 
0.26 kWh/lb (D8) 
0.22 kWh/lb (D9 and D10) 
Unknown (D12) 

0.79 kWh/lb (Impco) 
0.078 kWh/lb (WP and Battenfield) 

Calculated 
by evaluator  
based on TA 
data 

Evaluator calculated using the formula 
below: 
Energy Consumption kWh/lb =  
Average power demand during production 
cycle (kW) × cycle time (seconds)  
÷ [3,600 seconds/hour × shot weight (lbs)]  

 
Value unknown for D12 as no shot weight 
provided 
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Tracking Calculation Methodology 

The proposed savings from the retrofit of the IMMs and vacuum pumps with variable speed drives were 

expected to arise from a reduction in pump back pressure, particularly during periods when the pumps are 

idle. Variable speed drives allow the IMM and vacuum pump motors to operate at a reduced speed that is 

better matched to the required pressure.  

The tracking analyst used a spreadsheet analysis with a single line calculation to estimate the savings from 

retrofitting each of the existing motors with variable speed controls. There are no temperature dependent 

variables in the analysis. The total project savings is the simple sum of the savings for each VFD installation. 

The savings for each VFD installation was calculated via the formula below.  

Tracking Analysis Electric Savings (kWh) = (Pre-Retrofit Average Power Demand, kW – Proposed Average 

Power Demand, kW) × Annual Operating Hours 

The pre-retrofit power demand for each injection molding machine motor was based upon spot metering 

data prior to VSD installation. The tracking analyst spot metered six of the 11 injection molding machines. It 

is unclear whether the whole machine or only the motor was metered; however, the range of the readings 

suggest that only the IMM motors were metered.  With the exception of machine D4, the remaining five 

machines each have a motor that is identical in size to one of the metered motors. The analysis assumed 

that the machine motors that were not metered had the same average power draw as the metered machine 

with the same size motor. Machine D4, with a 40 HP motor, was assumed to have the same demand as the 

unit with a 30 HP motor. The spot metering data was averaged over the metering period (between 10 and 

30 minutes per machine, minimum of 3 cycles per machine) to estimate the pre-retrofit demand. The 

tracking analysis assumed that mold parameters (cycle time, shot weight, scrap weight, etc.) and metered 

power draw for each machine were representative of average annual operation.  

The proposed power demand was calculated by adjusting the pre-retrofit spot metered power demand. 

Depending on the machine, the tracking analysis adjusted anywhere from 3 to 6 minutes (minimum of one 

cycle) of the pre-retrofit spot metered data to estimate the proposed operating demand. The tracking 

analysis identified injection and idling periods in the metered data, then multiplied each stage of the cycle by 

a percent demand reduction specific to the period and to the machine. There is no information on the source 

of the percent reduction values or explanation of the different values used for each machine. The final 

proposed average power demand was the weighted average power demand throughout the cycle.  

The annual hours of operation were assumed to be the same in both the pre-retrofit and proposed cases. It 

is unknown how the annual operating hours were determined.  

The pre-retrofit power for the vacuum pumps was based on a spot metering constant current of 3.3 amps 

and a power factor of 0.92. Pre-retrofit power was assumed to be equal for each pump and was calculated 

using the formula for a three phase motor: 

Pre-retrofit Vacuum Pump Demand (kW) = Volts × Amps × Power Factor × √3 ÷ 1,000 W/kW 

The analysis assumed a proposed vacuum pump demand of 1.51 kW. The source of this assumption is 

unclear.  It was further assumed that all three vacuum pumps operate identically in both the pre-retrofit and 

proposed cases.  

The tracking analyst estimated the peak demand savings for this measure to be the simple sum of the 

demand savings for each motor. This methodology assumed that the same demand savings, a total of 

71.48 kW, would be realized during every hour of the year with no diversity in load between machines 
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accounted for. The screening tool for this measure indicates that 53% of the energy savings occur during 

on-peak hours. It is unclear how the percent on-peak energy savings are calculated.  

Post-Installation Metering Data 

In addition to the pre-retrofit metering data collected by the tracking analyst, the TA also conducted post-

inspection metering of selected machine motors. It appears that the TA conducted metering both with the 

drive operating per usual and with the drive in bypass, to verify the demand reduction for the drive 

installation. The results of this post-metering data were used to adjust the project savings; however, the 

adjusted project savings value was not used. The total savings value claimed for this project was the 

442,906 kWh estimated using the pre-retrofit metering data. 

In the post-installation metering, the TA spot metered seven of the 11 injection molding machines. Similar 

to the pre-metering, the range of the kW readings suggest that only the IMM motors were metered but 

there is no report or text to confirm. Power readings were recorded in either 1-second or 5-second intervals 

and for a duration of between ~2.7 minutes and ~35.3 minutes, depending on the machine. Power readings 

for one of the three vacuum pumps were also recorded in 1-second intervals for a duration of 14 minutes. 

The TA averaged the metered data to determine representative pre-retrofit and post-retrofit demand values.  

In reviewing this post-installation metering data and summary table provided by the site, the evaluator 

found a calculation error wherein the post-inspection demand savings (kW) for machines D3, D5, D4, and 

D10 did not equal the difference in the pre-retrofit and post-retrofit readings. Additionally, the evaluator 

noted that the TA post-inspection metering results assume different runtime values for select machines 

compared to the initial tracking analysis. The source for the updated hours is unclear.  

A summary comparison of the tracking analysis calculation and the post-metering calculations are provided 

in the below chart. The TA post-installation metering savings are 95% of the predicted savings. However, 

the TA post-inspection metering savings were not used to readjust the claimed savings.  If the savings from 

commissioning are with 5% of the original estimate program rules do not require the original savings to be 

adjusted. 

Table 5: Comparison of Tracking Analysis and Tracking Post-Installation Metering Findings 

  

Machine Data Tracking Analysis Tracking Post-Installation Metering Comparison

Machine # Hp Each

Pre-

Retrofit 

kW 

(metered)

Post-

Retrofit 

kW 

(adjusted)

Savings 

(kW)

Runtime 

(hours)

Savings 

(kWh)

Pre-

Retrofit 

kW 

(metered)

Post-

Retrofit 

kW 

(metered)

Savings 

(kW)

Runtime 

(hours)

Savings 

(kWh)

% 

Runtime 

(Cx/Anal

ysis)

% kW 

Savings 

(Cx/Anal

ysis)

% kWh 

Savings 

(Cx/Anal

ysis)

WP 10 4.83 2.54 2.30 6,240 14,325 4.65 2.32 2.33 6,240 14,546 100% 102% 102%

Battenfield 10 4.83 2.54 2.30 3,744 8,611 4.65 2.32 2.30 3,744 8,611 100% 100% 100%

D1 30 4.89 1.36 3.53 6,240 22,029 6.80 3.76 3.04 6,048 18,398 97% 86% 84%

D3 30 4.89 1.36 3.53 6,240 22,029 6.80 3.76 2.15 5,796 12,442 93% 61% 56%

D5 30 4.89 1.36 3.53 6,240 22,027 5.17 3.02 3.53 6,240 22,027 100% 100% 100%

D4 40 4.89 1.36 3.53 6,240 22,027 6.80 3.76 3.53 6,240 22,027 100% 100% 100%

D8 50 18.05 7.04 11.01 4,368 48,104 18.05 7.04 11.02 4,368 48,117 100% 100% 100%

D9 50 10.29 5.71 4.58 7,488 34,293 11.63 6.53 5.11 7,488 38,230 100% 111% 111%

D10 50 10.29 5.71 4.58 7,488 34,295 11.63 6.53 4.58 7,488 34,295 100% 100% 100%

D12 60, 100 45.34 22.21 23.13 6,240 144,337 43.01 21.51 21.50 6,240 134,170 100% 93% 93%

IMPCO 10, 20, 30 32.11 25.68 6.43 7,488 48,141 33.29 26.63 6.66 6,888 45,855 92% 104% 95%

Vacuum Pumps 5 2.52 1.51 1.01 7,488 7,563 2.85 1.75 1.10 6,636 7,323 89% 109% 97%

Vacuum Pumps 5 2.52 1.51 1.01 7,488 7,563 2.85 1.75 1.10 6,636 7,323 89% 109% 97%

Vacuum Pumps 5 2.52 1.51 1.01 7,488 7,563 2.85 1.75 1.10 5,964 6,582 80% 109% 87%

Total 152.88 81.41 71.48 90,480 442,906 161.04 92.41 69.05 86,016 419,946 - 97% 95%

The savings (kW) in blue are per the TA summary table; calculation error as kW savings not equal  to the di fference in pre- and post-retrofi t readings. 

The runtime (hours) highl ighted in yel low are per the TA's summary table; these values are di fferent from the TA tracking calculation and i t is unclear why.
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PROJECT EVALUATION 
The following table shows how the IMM variable speed drive savings were evaluated.  

Table 6: Measure Verification 

Measure Name Verification Method Verification Result 

VFD Installations on IMMs 
and Vacuum Pumps 

Visual inspection and motor 
level metering data.   

IMMs: 6 of 11 VFDs are installed and operational. 
Vacuum Pumps: 3 of 3 VFDs are installed and operational.  

Project Achieving 13.4% Savings.  

 

Pre-Retrofit Case Baseline Discussion 

This section provides a discussion of the pre-retrofit case used in the evaluation, along with a discussion 

explaining the rationale for considering this to be a retrofit measure as opposed to a new construction 

measure.  

Prior to the VFD installations, the IMMs ran with constant speed motors. The site contact reported that the 

IMMs were fully functional and that there was no other compelling reason for adding the VFDs other than for 

energy efficiency reasons. The evaluator considered this to be a retrofit measure, with the “pre-retrofit” case 

considering the IMM motors operating without VFD control; furthermore, this measure did not increase the 

capacity of any machines. 

Data Collection 

To evaluate the realized energy savings for the VFD installation project, the evaluation collected production 

data for each machine included in the project. This information (also outlined in Table 7 below) includes: 

1. Annual operating hours, including the typical weekly and daily schedules, scheduled maintenance 

shutdowns, and observed holidays. 

2. Number of different products and molds used in each of the evaluated IMMs (coincident with the 

metering period).  

3. Characteristics of the mold cycles for each product produced during metering period: cycle time, 

cavities or part/mold, part weight or total shot weight. 

4. During the metering period, the volume of plastic resin used and weight of products produced 

through the installed IMMs and the shot weight for each of the products produced. 

Table 7: Evaluation Data Collection – Data Received 

Source Parameter Interval Duration 

Electric Meter Data Facility Electricity Consumption 15 minutes 12 months 

Facility Personnel 
Annual, weekly, and daily operating schedules, 
annual shutdown details, holidays observed 

- - 

Facility Personnel IMM production rate Weekly 4 weeks 

Facility Personnel 
Number of parts produced. Quantity and 
characteristics of each product produced 

Weekly 4 weeks 

Facility Personnel 
Weight of products produced or resin used by 
each metered machine during the metering 
period 

Weekly 4 weeks 

Facility Personnel Mold shot weight and cycle time - - 

 



Application: 995142, National Grid-05       Page 9
  

 

 

 

  

During the site visit, the evaluator interviewed the Plant Engineer and found that there are 15 IMMs on-site 

ranging in age from three years old to 60 years old. One new machine was purchased in the past five years 

due to the company’s need for a plastic IMM; the remaining 14 machines are more than five years old and 

all process rubber. The machines, including the most recently purchased plastic IMM molding one, are 100% 

hydraulic. Of the 14 rubber IMMs, 11 were included in the scope of the TA study for VFD retrofits. Of these 

11 machines, the site reported that two (Battenfield and D4) were never installed with VFDs. Two other 

machines (D12 and IMPCO) were installed with VFDs but do not run and are not expected to run in the near 

future as these machines were purchased specially for a customer who has since pulled their part from 

production. Additionally, machine D9 was not needed to run during the evaluation period as production 

levels were satisfied with 5 IMMs; the site expects 5 IMMs to be able to handle future loads. Furthermore, 

machine D8 is installing with a VFD that trips frequently and, therefore, the drive is typically run in bypass 

mode. The site reports that the number of on-line IMMs varies based on how busy the company is; during 

the evaluation interview, the site indicated that 5 IMMs were operational at the time. A copy of each 

product’s technical specification was requested, but not available. Additionally, IMM nameplates were not 

legible due to machine wear and tear over time.  

The evaluation attempted to verify the pre-retrofit conditions by requesting information on the molds that 

were in use when the pre-retrofit power readings were taken in June and July of 2011. Due to changes in 

the site’s data collection system, production data for 2011 was only available on a monthly basis. Given this 

discrepancy in time intervals (monthly production data compared to 10-30 minutes of power metering data), 

it was not possible to determine which molds were in production when the pre-retrofit power readings were 

taken. Given this finding, the evaluation collected additional pre-retrofit power readings by spot metering 

the operational IMMs with the VFDs in bypass. VFD losses were accounted for as the metering data captured 

the motor demand upstream of the drive.  

While the metering period was ~5-weeks, the production data provided by the site was for a 4-week period 

coincident with the metering period. The site indicated that the production during the metering period was 

representative of the average annual production rate.   

To verify the post-retrofit performance, the evaluation selected a sample of the injection molding machine 

pumps and the vacuum pumps to meter. The evaluation based the selection of machines upon site input 

regarding which machines were still in use and equipped with operable variable frequency drives. Of the 11 

machines included in the original application, only six are still in use and equipped with a functional VFD. Of 

these six, the evaluation observed five to run on average during the 5-week metering period.  The 

evaluation conducted metering tasks listed below for the selected machines and vacuum pumps: 

1. The evaluator spot metered five of the seven operational machines’ input kW, amps, voltage and 

power factor at one second intervals over at least two cycles during the site visit. This spot metering 

was conducted once with the variable frequency drives operating per usual and once with the drives 

in bypass (to determine pre-retrofit energy usage). The spot metering was conducted for both the 

total machine input and the hydraulic motor only input.  

2. The evaluator spot metered all three vacuum pump amps at one second intervals for at least 

30-seconds per pump (one pump was turned on and the other two pumps were shut off to ensure 

appropriate readings). Each of the pumps was set to operate at a fixed speed (60 Hz, 34.9 Hz and 

40Hz) with a constant power demand when running.  
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3. The evaluator installed a power logger on five of seven operational machines and one of the three 

vacuum pumps to capture power at 10 second intervals. The true power monitors collected data for 

a 5-week period. 

4. The evaluation installed one state logger on each of the machines and vacuum pumps that were 

operational but for which the evaluation did not install a power logger. These state loggers (current 

switches) were set-up to indicate machine (or pump) runtime; they collected runtime data for a 5-

week period. The methodology for calculating pump power from state logger data is explained on 

page 24.  

The specific metering equipment installed is described in Table 8 below. 

Table 8: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment Brand 

and Model 
Metering Duration 

Metering 

Interval 

IMM kW Wattnode Power Meter (x5) 5-weeks 10-seconds 

Vacuum Pump kW Wattnode Power Meter (x1) 5-weeks 10-seconds 

IMM Power Demand with VFD Active Yokogawa  2-3 cycles (depending on IMM) 1-second 

IMM Motor Power Demand with VFD 
Active 

Yokogawa 2-3 cycles (depending on IMM) 1-second 

IMM Power Demand with VFD 
Bypassed 

Yokogawa 2-3 cycles (depending on IMM) 1-second 

IMM Motor Power Demand with VFD 
Bypassed 

Yokogawa 2-3 cycles (depending on IMM) 1-second 

Vacuum Pump Amps Yokogawa 30-seconds per pump 1-second 

Runtime for IMMs and Vacuum Pumps 
that were not metered with Wattnodes 

Hobo UX90 5-weeks 
N/A (reading 
type: on/off) 

 

The evaluation used the results of the information gathered on site to extrapolate the pre-retrofit and 

installed case energy usage for all 17 motors included in the project scope, in that manner that was the best 

fit.  

In addition to the above data, the evaluation requested information on the HVAC systems serving the 

production area where the IMMs are located. The site indicated that they do not heat or cool the production 

floor where the IMMs are located and, therefore, the evaluation assumed there to be no secondary energy 

impacts from reduced motor heat in the space.  

Table 9 provides a summary of the machines and indicates the proposed evaluation approach for each 

machine.   
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Table 9: Evaluation Data Collection – Metering Approach 

Machine 
Tag 

Machine 
Qty 

Motor 
Qty 

Total HP 
per 

Machine 

Percent 

of 
Tracking 
Savings 

Spot Metering? 
Long Term (5-

week) 
Metering 

Evaluation 
Metered 

HP 

WP 1 1 10 3%   10 

Battenfield 1 1 10 2% N/A - VFD is incorrectly sized & not used  - 

D1 1 1 30 5%   30 

D3 1 1 30 5%   30 

D5 1 1 30 5%  
  

(state logger 
only) 

30 

D4 1 1 40 5% N/A - No VFD Installed - 

D8 1 1 50 11%   50 

D9 1 1 50 8% No 

  

(state logger 
only) 

50 

D10 1 1 50 8% No  50 

D12 1 2 160 33% N/A - Machine not expected to run - 

IMPCO 1 3 60 11% N/A – Machine not expected to run - 

Vacuum 
Pumps 

3 1 3* 5% 
 

 (all three pumps) 

 

(kW metering for 
one pump, state 
loggers for other 

two pumps) 

15 

Total - 17 535  100% - - 

265 
(49.5% of 
total HP; 
49.6% of 
tracking 

savings) 

*There is a discrepancy in the evaluation findings and TA report for vacuum pump size. The TA reports the 

vacuum pumps to be 5-HP; the evaluation observed 3-HP motors.  
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Evaluation Savings Analysis 

This section describes the basic IMM analysis approach taken with all of the evaluated machines. Overall, 

the evaluation energy savings are based on the as-found conditions with the installed IMMs, their production 

hours and production volume over a 4-week period. For some of the IMMs, the evaluation’s findings 

contradict conditions documented in the project files as the site is no longer running select IMMs that were 

initially included in the project scope. The below process was used in collecting data and determining 

savings: 

1. The evaluation spot metered five of the IMMs (whole machine and pump motors only) with both the 

VFD on and the VFD in bypass. This data was used to calculate machine cycle time and the demand 

reduction for each of the IMM motors attributed to the VFD.  

2. The evaluation collected production information for the parts produced during the spot metering. 

This data was used to determine a kWh/lb performance metric for each of the 5 IMMs both with the 

VFD on and the VFD in bypass. 

3. Production data was collected for a 4-week period that the site indicated to be typical of monthly 

production over the year. This data was extrapolated to annual production based on the sites 

operating schedule (see page 14 for more details).  

4. Metering data was collected for 7 IMMs over a 5-week period (site only provided 4-weeks of 

concurrent production data). This metering data was used to estimate site production hours; these 

hours were compared to the data provided by the site to verify the reasonableness of the monthly 

production rates and confirm the production schedule. The 5-week metering data was not used 

directly in calculating savings due to discrepancies in data discussed on page 21.  

5. The evaluator calculated annual energy savings as the product of the average energy savings 

(kWh/lb) calculated in step #2 above and the annual normalized production calculated in step #3 

above.  

The below sections describe the general approach taken for each of the IMMs. Specific details on the 

metering findings, broken out by machine, are provided thereafter.  

Installed Energy Consumption (IMMs) 

Energy consumption of the installed case is calculated using the following equation. 

Installed case energy (kWh) = Installed motor average energy rate (kWh/lb) * Annual production weight 

(lbs) 

1. Installed motor average energy rate (kWh/lb) – The evaluator spot metered the motors of five of the 

seven operational IMMs for a ~10.0 to ~13.6 minute period (depending on the IMM) with the VFD 

operating per usual. Based on the spot metering data, the evaluation was able to identify cycle 

times for each of the metered machines and an average kWh per cycle. The evaluator recorded the 

shot weight of the product that was being made coincident with the spot metering data. The 

installed case kWh/lb metric is calculated as the metered kWh per cycle divided by the shot weight 

for the mold in production during the metering period.  

The below procedure was followed during spot metering:  

a. IMM shut down and meter installed on both the feed for the entire machine and for the 

hydraulic pump motor only 

b. IMM turned on and data collected with VFD operating in auto mode for 2-4 cycles 

c. VFD switched into bypass mode and data collected for 2-4 cycles 



Application: 995142, National Grid-05       Page 13
  

 

 

 

  

d. IMM shut off and metering device removed 

Larger demand values were observed for the entire machine with the VFD on compared to the VFD 

in bypass, which is likely a result of the above metering procedure allowing the machine to cool off 

prior to collecting the “VFD On” data. Due to the inconsistencies in the whole-machine data, the 

evaluation uses the pump motor only data in calculating energy savings. This approach was 

determined to be appropriate as the VFD installation is not expected to have a significant secondary 

impact on total machine energy; the only impact is on the motor demand. Refer to the “Additional 

Data Discussion” section on page 21 for further discussion.  

Longer term power metering data was not used as a direct comparison to the pre-retrofit data was 

not feasible, see discussion below on page 21. However, longer term power metering data was use 

to verify production rates and run hours provided by the site.  

2. Annual production weight (lb) – The annual production weight for each IMM is determined directly 

from the production data received from the site for a 4-week span. 

The site provided 30 days of production data (11/16/15 to 12/15/15); this data includes 1.5 

holidays (Thanksgiving) when the site was closed, resulting in 28 days of typical production. The site 

indicates that they observe 7 holidays per year, implying that the plant is open 358 days per year. 

The observed holidays include New Year’s Day, Memorial Day, July 4th, Columbus Day, Thanksgiving 

(1.5 days) and Christmas (1.5 days). A scaling factor of 12.6 (358 annual operating days ÷ 28.5 

operating days with production data) was applied to the site-provided production data to estimate 

annual production levels.   

Pre-retrofit Energy Consumption (IMMs) 

Energy consumption of the pre-retrofit case motors is based on spot metering data collected with the VFD in 

bypass mode for five of the seven operational IMMs. This data was collected with the same part in 

production as the installed case spot metering data. The analysis assumes the same annual production for 

both the pre-retrofit and proposed cases.  

Pre-retrofit case energy (kWh) = Pre-retrofit average energy rate (kWh/lb) * Annual production weight (lbs) 

1. Pre-retrofit average energy rate (kWh/kg) – The evaluation spot metered the motors of select IMMs 

with the VFDs operating in bypass mode. Based on the spot metering data, the evaluation was able 

to identify cycle times for each of the metered machines and an average kWh per cycle value. The 

evaluation recorded the shot weight of the product that was being made coincident with the spot 

metering (same product in both the installed and pre-retrofit case, for a clear-cut comparison). The 

pre-retrofit case kWh/lb metric is calculated as the metered kWh per cycle divided by the shot 

weight for the mold in production during the metering period. 

2. Annual production weight (kg) - The pre-retrofit case considers identical production weight (lbs) as 

documented for the installed condition. This ensures equal production load for both pre-retrofit and 

installed conditions and thus the two conditions can be compared for their respective energy 

consumptions.  

Annual Energy Savings (IMMs) 

Annual energy savings are calculated for each machine motor using the following equation. 

Annual energy savings (kWh) = Pre-retrofit case energy (kWh) – Installed case energy (kWh) 
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Machine Specific Results 

The evaluation spot metered the pump motors for five of the seven operational IMMs. The other four non-

operational IMMs were either not running or did not have a functioning VFD. The below charts show a 

comparison of the motor kW for one cycle both with the VFD operating per usual (installed case) and the 

VFD operating in bypass mode (pre-retrofit case). The selected cycles used in the analysis and depicted in 

the below figures are representative of all the cycles that were spot metered. 

Machine D1 

Machine D1 has a 30 hp motor and was found have the specified VFD installed and still be in use by the 

facility. The chart below shows a comparison of the spot metering data for this motor.  

Figure 1 

Machine D1 – Motor Spot Metering Comparison 

 

Machine D1 has an estimated annual production of 162,969 lbs. With the VFD installed and operable, the 

evaluation found the machine motor to save approximately 0.11 kWh per pound of product produced. The 

evaluation estimates the VFD retrofit on this machine to save 17,376 kWh per year.  
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Machine D3 

Machine D3 has a 30 hp motor and was found have the specified VFD installed and still be in use by the 

facility. The chart below shows a comparison of the spot metering data for this motor.  

Figure 2 

Machine D3 – Motor Spot Metering Comparison 

 

Machine D3 has an estimated annual production of 86,253 lbs. With the VFD installed and operable, the 

evaluation found the machine motor to save approximately 0.24 kWh per pound of product produced. The 

evaluation estimates the VFD retrofit on this machine to save 20,578 kWh per year.  

Machine D5 (Extended Cycle Time w/ VFD, Data Adjusted) 

Machine D5 has a 30 hp motor and was found have the specified VFD installed and still be in use by the 

facility. The below chart shows a comparison of the spot metering data for this motor.  

Figure 3 

Machine D5 – Motor Spot Metering Comparison 

 

Next cycle starts 
without bypass 
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The evaluation found Machine D5 to have a reduced average demand (kW) in the installed case motor spot 

metering compared to the pre-retrofit case motor spot metering (VFD in bypass); however, the machine 

cycle time was notably longer in the installed case (as seen in the above figure) with the same part in 

production. It is unclear why this machine shows the result of a longer installed case cycle time; however, 

the evaluation hypothesizes that the longer cycle time is attributed to the metering procedure causing the 

heaters to cool, discussed on page 21 of this report, and is not reflective of typical machine operation. The 

cycle time for the machine with the VFD in bypass and the VFD in operation should be similar, as seen in the 

metering data for machines D1, D3, and WP.  

The evaluation adjusted the spot metering data for the “VFD On” to reduce the idle times to more closely 

align with the idle time for the “VFD bypass” data. Data was removed from the “VFD On” dataset for the 

following idle periods: 127-164 seconds, 195-209 seconds, and 221-261 seconds. These are all elongated 

idle periods compared to the “VFD bypass” data. The theory is that the heaters needed to come back to 

temperature after the meter installation, extending the duration of this idle period. The below chart shows a 

comparison of the adjusted spot metering data for this motor, which is used in the savings analysis.  

Figure 4 

Machine D5 – Adjusted Motor Spot Metering Comparison 

 

 

Machine D5 has an estimated annual production of 312,078 lbs. With the VFD installed and operable, the 

evaluation found this machine motor to save approximately 0.04 kWh per pound of product produced. The 

evaluation estimates the VFD retrofit on this machine to save 11,529 kWh per year.  



Application: 995142, National Grid-05       Page 17
  

 

 

 

  

Machine WP 

Machine WP has a 10 hp motor and was found to have the specified VFD installed and still be in use by the 

facility. The below chart show a comparison of the spot metering data for this motor.  

Figure 5 

Machine WP – Motor Spot Metering Comparison 

 

Machine WP has an estimated annual production of 188,605 lbs. With the VFD installed and operable, the 

evaluation found the machine to save approximately 0.033 kWh per pound of product produced. The 

evaluation estimates the VFD retrofit on this machine to save 6,297 kWh per year.  

Machine D10 

Machine D10 has a 50 hp motor and was found to have the specified VFD installed and still be in use by the 

facility. However, the machine was not scheduled for use during the day when the evaluation conducted 

spot metering, so no spot metering data with the VFD operating per usual and the VFD in bypass was 

available for comparison.  

To calculate energy savings from this VFD installation, the evaluation assumed this motor to achieve the 

average percent savings calculated from the other machines with spot metering data. As longer term kW 

data was available for this machine (from evaluation metering), not just the motor, and only one part type 

was produced during the 5-week metering period, the evaluation was able to determine an installed case 

kWh/lb metric.  

The power metering data (kW) collected over the 5-week metering period is provided in the below figure.  
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Figure 6 

Machine D10 – One Month Power Metering Data 

 

The installed case Machine D10 metric is calculated to be 3.84 kWh/lb (2,001 kWh ÷ 521 lbs product). 

Based on the results of the spot metering data for the other five machines and motors where pre-retrofit 

and installed demand could be clearly quantified, on average the machine kWh/lb was 3.02 times greater 

than the motor kWh/lb. The machine D10 metric of 3.84 kWh/lb was divided by 3.02 to determine a motor 

performance of 1.27 kWh/lb.  

Further, based on the spot metering results, the installation of a VFD on one of the IMM motors saves an 

average 17.1% energy per pound of product produced (compared to no VFD). This savings factor implies 

that the pre-retrofit machine D10 motor energy usage would be 1.54 kWh/lb.  

Machine D10 has an estimated annual production of 6,547 lbs. With the VFD installed and operable, the 

evaluation estimates the machine motor to save approximately 0.26 kWh per pound of product produced 

(1.54 kWh/lb pre-retrofit – 1.27 kWh/lb installed). The evaluation estimates the VFD retrofit on this machine 

to save 1,721 kWh per year.  

Overall Machine Summary 

The below table shows a summary of the evaluation results broken out by machine. Metrics considered in 

the analysis include average motor kW, cycle time, monthly production, average kWh/lb, and savings. 

Of the 11 machines total in the evaluation scope, only five produce savings and are included in the table 

below.  Of the remaining six machines, the site reported that two (Battenfield and D4) were never installed 

with VFDs. Two other machines (D12 and IMPCO) were installed with VFDs but do not run and are not 

expected to run in the near future. The evaluation also found that machine D9 was not run at all during the 

5-week metering period, and that machine D8 is typically run with the VFD in bypass mode. These six 

machines do not produce any savings.   
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Table 10: Summary of Evaluation IMM Metering Results 

 

Additional Data Discussion 

The spot metering data provided above is for the IMM pump motors only. While conducting this spot 

metering, the evaluator collected simultaneous spot metering data for the entire machine and for the pump 

motor only. The spot metering data for the entire machine was also analyzed in a similar fashion to the 

motor only data, but the results were inconsistent.  

The whole machine spot metering data indicated that three out of the five machines had net energy 

penalties when running with the VFD compared to the VFD in bypass mode. Two of the five machines 

showed overall energy savings. The cause of the overall machine energy penalties is unclear; however, the 

evaluator believes it may be attributed to the metering procedure. When spot metering, the evaluator 

connected the metering equipment when the machine was powered off (per safety protocol). When the 

machine was powered back on, the evaluation first metered between 2-3 cycles of operation with the VFD 

operating as usual, followed by 2-3 cycles of operation with the VFD in bypass mode. It is hypothesized that 

the IMM cooled down sufficiently when shut off for the meter install, that it needed to expend more energy 

to be brought up to temperature during the first few cycles (when the VFD was operating per usual). After 

the temperature was maintained, the machine heating demand would be reduced (as seen when the VFD 

was in bypass).  

There is insufficient data to determine the source of this discrepancy and, since the VFD installation is not 

expected to have a significant secondary impact on the total machine energy usage, it was determined that 

the motor only spot metering data was the most reliable.  

In addition to the spot metering data of the whole machine and the motor, the evaluator collected ~5 weeks 

of power metering data for each of the whole machines. As multiple parts were being made in some 

machines over the 5 week period and the resolution of the production data was not enough to match up 

machine power demand with production part, this longer term machine metering data was not used directly 

in the analysis (except for machine D10 where no better data was available, and spot metering was not 

conducted).  

Though only used directly for one machine (D10), this long term data was compared to the production data 

provided by the site to verify the accuracy of the evaluation’s extrapolated annual production rates. For each 

machine, production data including part produced, production hours, and number of total parts was provided 

by the site for 11/16/15 to 12/15/15. The evaluation had meters installed on the whole machines during this 

timeframe and was able to calculate machine runtime from the hobo and kW meter data. Via visual 

inspection of the metering data, the evaluation determined a reasonable threshold of ~0.5 kW above which 

each IMM was assumed to be on. Below this threshold, the IMMs were assumed to be off.  The table below 

shows a comparison of metered machine runtime compared to runtime provided by the site for the same 

time period.  

Motor Avg. kW Cycle Time (sec) Monthly Site Motor kWh/ lb Savings Savings Production Savings

Machine Bypass VFD Bypass VFD Production (lbs) Bypass VFD % kWh/lb lbs/year kWh/year

D1 7.3 6.1 247.0 247.0 12,974 0.65 0.54 16.5% 0.11 162,969 17,376

D3 7.8 6.4 235.0 235.0 6,867 1.29 1.06 18.4% 0.24 86,253 20,578

D5 8.4 6.9 252.0 252.0 24,844 0.21 0.17 17.7% 0.04 312,078 11,529

WP 6.0 5.1 230.0 230.0 15,015 0.21 0.18 15.8% 0.03 188,605 6,297

D10 2.6 2.1 N/A N/A 521 1.54 1.27 17.1% 0.26 6,547 1,721

Total - - 17.1% - - 57,502
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The discrepancy in the production hours compared to the longer term metering hours is due to the site’s 

procedure for quantifying production hours. The site records production hours manually and each line 

operator logs when the production starts (beginning of shift) and when production ends (end of shift). The 

machines are left on between shifts, which isn’t logged as production time but does register enough power 

to be metered as on time. Furthermore, Machine D10 is always left idling as a backup machine, which 

explains the large discrepancy in machine D10 runtime.  

Table 11: Comparison of Long Term Metering Data to Production Data 

 

Interactive HVAC Energy and Demand Savings 

According to site personnel, the production floor is not conditioned. There are no secondary savings 

associated with the reduction in facility cooling loads due to lower equipment power consumptions.  

Annual Energy Savings (Vacuum Pumps) 

Annual energy savings for the vacuum pumps is calculated using the following equation. 

Annual energy savings (kWh) = Pre-retrofit case energy (kWh) – Installed case energy (kWh) 

The installed case energy use for the vacuum pumps is based upon the average pump demand, when 

operating, during the metering period and the pump runtime. For the two pumps for which pump kW was 

not metered directly, installed case energy usage is extrapolated from spot metered amperage data and 

runtime (see below section). The evaluators expected to see the pumps operate to maintain a vacuum 

pressure in the material transfer system, with each pump operating at a minimum speed unless material 

was required to be transferred, at which point the drive speed would increase as needed. However, the 

evaluators found the three pumps to be staged and operating at a fixed speed output.      

While on-site, the evaluator observed that pump #1 and #2 were identical models; however pump #3 was a 

different model from a different manufacturer. The below table provides a summary of the pump data. While 

the TA listed each pump have a 5 HP motor, the evaluation observed the pumps to have 3 HP motors.  

Table 12: Vacuum Pump Summary Data 

 

Production Hour Consistency Check Extrapolated Annual

Meter Hrs. Prod. Hrs Meter/Prod

D1 572.3 421.5 136%

D3 580.0 451.8 128%

D5 359.0 343.2 105%

WP 486.8 451.5 108%

D10 328.5 28.6 1151%

Total 2,326.6 1,696.5 137%

Vacuum Manu- Model Operating Metered Data

Pump # facturer # Hertz Amps kW

1 Busch RA 0063-A005-1001 34.9 1.24 0.80

2 Busch RA 0063-A005-1001 60 2.46 -

3 Rietschle VCAH 100 (02) 40 2.74 -
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The installed energy usage of the pump is calculated using the following equation: 

Installed case energy (kWh) = Measured Average Demand (kW) * Runtime (Hours) 

1. Measured Average Demand (kW) – the average energy consumed by the vacuum pump selected 

for metering in the evaluation scope. This value will only consider the hours during which the 

pump is operating.  

2. Runtime (hours) – the annual runtime will be extrapolated from the metering data. 

The evaluation metered pump drew an average 0.80 kW when on during the ~5 week metering duration. 

The below chart shows the raw metering data in conjunction with hours defined as “on” operating hours. 

The raw metering data showed some values where there was no demand over a 10-second interval 

sandwiched by a demand reading in both the preceding and following intervals. The reason the raw metering 

data looks like it draws 1.0 kW when on, but it actually draws 0.8 kW is due to the high interval frequency 

and poor resolution of the meter used. While a zero demand reading seems to indicate that the pump is off, 

the pump is actually on and running continuously. The meter used records energy usage as events; however, 

it has a limit on the number of events it can record in any given interval. Due to the metering equipment 

limitations, it is assumed that those 0 kW readings in between positive kW readings are also “on” periods. A 

six hour sample of the data is provided in the below chart to indicate the discrepancy between the raw 

metering data and the on/off data.  

Figure 7 

Vacuum Pump kW Metering Data 

 

Figure 8 below shows a blown up 30 minute segment of the above data (from 2:00 to 2:30), where the 

pump is determined to be running continuously , but the data cycling between 0 kW and 1.0 kW is apparent. 

While the pump appears to be cycling, the motor is running continuously. The average demand is 0.8 kW.  
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Figure 8 

Vacuum Pump kW Metering Data - Expanded 

 

According to the application documents for the vacuum pump VFD installation, the speed of each vacuum 

pump was intended to be controlled by vacuum pressure in the material-transfer system and “each fan 

would run at a minimum speed until material is required to be transferred, at which point the VSD would 

increase the fan speed to attain the required vacuum pressure necessary to transport the material.” The 

evaluation found that the pumps were not controlled by such logic, but were rather each set to a different 

fixed operating speed (hertz).   

The evaluation spot metered amperage for each of the three vacuum pumps. Each pump’s amperage draw 

was isolated by manually shutting off the two other pumps to ensure only one pump operated at a time. A 

summary of the spot metering data is provided in the below figure.  

Figure 9 

Vacuum Pump Spot Metering Data 
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Spot metering of power (kW) for each pump was not possible as there was no good location to capture 

voltage with the alligator clips in the electrical cabinet. Long term kW data was captured for pump #1 using 

hard leads to record voltage; however, the evaluation was not able to use these hard leads with spot 

metering due to site constraints.  

As there are both short term amperage and long term kW data for pump #1 (see Figures 10 and 11 below), 

the evaluation was able to determine a conversion factor to calculate the installed case demand for pumps 

#2 and #3. The conversion factor accounts for voltage and power factor which is assumed to be equal for 

each pump. The evaluation used the below formulas. 

Conversion Factor = Pump #1 Metered Average Demand (0.80 kW) ÷ Pump #1 Amps (1.24 Amps) = 0.644 

Installed Case Demand (kW) = Metered Amps × Conversion Factor 

Given that pump #1 and #2 are identical and pump #2 runs at full speed (60 Hz, identical to the pre-retrofit 

condition), the evaluation extrapolated the pre-retrofit power of the Busch pumps based on the installed 

case pump #2 demand and an assuming a VSD burden that is 3% of the nameplate horsepower.  

VFD Burden = 0.03 × Motor Size (3 HP) × 0.746 kW/HP = 0.067 kW 

Pre-retrofit Demand, kW = Pump #2 Installed Case Demand (1.58 kW) – VFD Burden (0.067 kW) 

= 1.52 kW 

The pre-retrofit demand for pump #3 is estimated based on the installed case observed pump speed (40 Hz 

÷ 60 Hz = 67% speed) and installed case calculated demand. The evaluation attempted to track down a 

pump curve for this model, but was not successful. Instead, the evaluation assumed a linear relationship 

between pump speed and operating kW.   

Pump #3 Pre-retrofit Demand, kW = Installed Case Calculated Demand (1.77 kW) ÷ Pump Speed (67%) 

- VFD Burden (0.067 kW) 

Operating hours for each pump were based upon the ~5 weeks of metering data (pump #1 kW data and 

on/off runtime data for pumps #2 and #3). The pumps appear to stage to meet the load, though the site 

does not know the exact programming logic. The below chart shows the number of pumps that cycle on at 

least once during each 30 minute interval of the metering data.  
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Figure 10 

Number of Pumps that Cycle “On” During a 30 Minute Interval 

 

An indication of “On” in the above chart does not imply that a pump is running for the entire duration of a 

30-minute period. If a pump cycles on once for a few minutes during a 30 minute interval, it is marked as 

“on”. The below chart shows the total combined runtime of all three pumps during each 30 minute interval. 

A runtime of 30 minutes implies that at least one pump is always operating during that interval. A runtime 

reading of 90 minutes would indicate that all three pumps ran during the entire 30 minute period.  

Figure 11 

Combined Pump Runtime per 30 Minutes of Metering Data 

 

The evaluation calculated the average pump runtime (minutes per day) for weekdays, weekends, and 

holidays, and used this runtime data to extrapolate annual runtime for each pump. Savings from the VFD 

installations are calculated using the same runtime in the pre-retrofit and installed case annual energy 

usage calculation. A summary of the evaluation findings are provided in the below table.  
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Table 13: Summary of Evaluation Vacuum Pump Metering Results 

 

 

Total Annual Energy Savings (IMMs and Vacuum Pumps) 

The total project savings are the sum of the savings from the injection molding machines and the vacuum 

pumps. The below table breaks out the total savings by piece of equipment.  

Table 14: Evaluation Savings Breakdown 

 

The evaluation found the IMM VFDs to comprise 96.9% of the project savings and the vacuum pump VFDs 

to comprise 3.1% of the project savings.  

Peak Savings 

An 8,760 model is used to determine peak savings for this measure. Per observations from the ~5 week 

metering data in conjunction with anecdotal site information, the facility operates more heavily during the 

week, with reduced weekend operation. The below figure shows the total percent of time that the four 

operational machines with longer term kW data ran during the 5-week metering period, broken up by day of 

week and hour of day. This information does not include the vacuum pumps that comprise 3.1% of the total 

savings.  

The percent runtime is calculated by quantifying each of the four IMMs as either “on” or “off” based on a 

threshold kW reading of 0.5 kW (below this level, machines were considered to be off). The evaluation 

summed the total number of machines running in each 10 minute interval for each hour of the week and 

found the average number of machines running per hour by dividing by 6 (six 10-minute intervals per hour). 

The average number of operational machines was divided by 4 (total number of machines) to determine 

percent runtime. This data excludes holidays, when all machines were observed to be off.  

Vacuum Operating Metered Data Installed Baseline Runtime Savings

Pump # Hertz Amps kW Case kW Case kW Hours/Year kW kWh

1 34.9 1.24 0.80 0.80 1.52 1,570 0.72 1,130

2 60 2.46 - 1.58 1.52 1,039 -0.07 -70

3 40 2.74 - 1.77 2.58 973 0.82 795

Total - - - 4.15 5.62 3,582 1.47 1,855

Equipment Equipment Savings % Total

Type ID kWh/year Savings

D1 17,376 29.3%

D3 20,578 34.7%

D5 11,529 19.4%

WP 6,297 10.6%

D10 1,721 2.9%

VP1 1,130 1.9%

VP2 -70 -0.1%

VP3 795 1.3%

Total - 59,356 100.0%

IMMs

Vacuum 

Pumps
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Figure 12 

Operating Profile – Percent Time (Excluding Holidays) IMMs Run Based on Day of Week and Hour

 

Per anecdotal site date and observations in the metering data, the following holidays are observed: New 

Year’s Day, Memorial Day, July 4th, Columbus Day, Thanksgiving (1.5 days), and Christmas (1.5 days). 

There is no IMM operation on holidays.  

The 8,760 model allocates each hour of the year as either a holiday hour or an operating hour, based on 

above holiday schedule. Each non-holiday hour is then allocated a percent runtime factor based on the data 

in Figure 12 above. Based on this data, there are an average equivalent 5,927 annual run hours for each of 

the IMMs for which longer term kW data was collected. The evaluation divided the total savings by the run 

hours to determine an average demand reduction of 10.0 kW.  

The evaluation multiplied the average demand reduction by the percent runtime in each hour of the 8,760 

model, summed up the total energy savings for each hour in the percent energy on peak period, and divided 

by the total annual energy savings to determine percent on peak energy savings. The on-peak hours used in 

the calculation are 6AM to 10PM on non-holiday weekdays. This project has 54.6% energy savings on peak.  

The summer and winter peak demand reduction values are calculated by summing the total energy savings 

during the peak demand periods, either summer or winter, (calculated as the average demand savings 

multiplied by the percent runtime for each hour) and dividing by the number of peak hours in the 

corresponding period. The summer peak demand period is from 1PM-5PM on non-holiday weekdays from 

June-August. The summer demand reduction is 8.30 kW. The winter peak demand period is from 5PM -7PM 

on non-holiday weekdays in December and January. The winter demand reduction is 8.05 kW. The winter 

demand reduction is slightly less because the site celebrates a holiday that National Grid does not.  

Day of Week (1=Monday, 7 = Sunday)

Hour 1 2 3 4 5 6 7

0 63% 90% 90% 70% 88% 67% 13%

1 63% 90% 90% 70% 88% 67% 13%

2 63% 90% 90% 70% 88% 67% 13%

3 63% 90% 90% 70% 88% 67% 13%

4 63% 90% 90% 70% 88% 67% 13%

5 63% 90% 90% 70% 88% 61% 13%

6 68% 90% 90% 70% 88% 58% 13%

7 79% 80% 90% 68% 75% 43% 13%

8 77% 78% 90% 70% 75% 42% 13%

9 79% 75% 90% 68% 75% 42% 13%

10 79% 75% 90% 65% 65% 42% 13%

11 82% 73% 90% 65% 63% 42% 15%

12 85% 69% 85% 81% 69% 42% 21%

13 88% 80% 90% 84% 73% 42% 33%

14 88% 85% 90% 88% 76% 42% 52%

15 85% 85% 71% 88% 80% 42% 63%

16 88% 85% 70% 88% 80% 42% 63%

17 88% 85% 70% 88% 80% 42% 63%

18 88% 86% 70% 88% 80% 42% 63%

19 88% 90% 70% 88% 80% 42% 63%

20 88% 90% 70% 88% 80% 42% 63%

21 88% 90% 70% 88% 80% 42% 63%

22 88% 90% 70% 88% 80% 36% 63%

23 92% 90% 70% 88% 81% 13% 63%
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Comparison of Total Project Savings to Utility Data 

The evaluator received EPO data for the site from January 2011 through December 2015; however, data 

from January 2012 through March 2012 and from April 2015 to August 2015 is missing. Based on 2011 data 

(prior to the retrofits), the total annual energy consumption for the site is 2,258,928 kWh. Based on 2014 

data (post retrofits), the annual energy consumption for the site is 1,405,652 kWh. It is important to note 

that a large reduction in energy usage from 2011 to 2014 is likely attributed to a decrease in facility 

production levels, as the site mentioned that a large job for one of their customers ended in October 2013 

(explaining why two of the larger IMMs, IMPCO and D12, no longer run). The VFDs were installed on the 

injection molding machine pump motors in December 2012; however, not all VFDs were set up and in use 

until mid-2014.  

The evaluation savings of 59,356 kWh account for 2.6% of the 2011 energy consumption and 4.2% of the 

2014 energy consumption. The savings as a percentage of whole building energy usage is not significant 

enough to merit any further review; however, it is good to note that the spot metering data, extrapolated 

over a one month span, suggests that the IMM pump motors comprise 20% of the monthly energy usage 

(the total injection molding machine use is approximately 60% of the monthly energy usage).  
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EVALUATION RESULTS 

This section will summarize the evaluation results determined in the analysis above. 

Table 15: Project Results 

Savings Quantity Tracking Evaluation Realization 

Electric energy (kWh) 442,906 59,356 13.4% 

% of Energy Savings on Peak 53.0% 54.6% 103.0% 

Summer On-Peak Demand (kW) 71.48 8.30 11.6% 

Winter On-Peak Demand (kW) 71.48 8.05 11.3% 

 

Comparison of Assumptions 

The purpose of the below table is to provide a comparison of the key inputs of the tracking and evaluation 

calculations in order to demonstrate the sources of savings discrepancies. The tracking post-VFD installation 

are also provided for reference. The tracking post-installation data aligns with the tracking analysis 

assumptions. Evaluation results are compared to the initial tracking calculations (as opposed to the post 

installation numbers).  

Table 16: Comparison of Key Analysis Parameters 

Parameter Tracking 
Tracking Post-

Installation 
Evaluation 

Ratio 
(Evaluation/Tracking) 

Total of Operational IMMs in Evaluation Scope 

Pre-Retrofit kW 29.8 35.1 32.1 107.8% 

Installed kW 12.3 19.4 26.6 215.7% 

Runtime (hours)* 32,448 31,812 21,310 65.7% 

Annual Savings (kWh) 114,704 101,708 57,502 50.1% 

* Runtime for a combined 5 of 11 IMMs 

Total of Non-Operational IMMs in Evaluation Scope 

Pre-Retrofit kW 115.5 117.4 0 0% 

Installed kW 64.5 67.8 0 0% 

Runtime (hours)* 35,568 34,968 0 0% 

Annual Savings (kWh) 305,513 297,010 0 0% 

* Runtime for a combined 6 of 11 IMMs 

Total of All Three Vacuum Pumps in Evaluation Scope 

Pre-Retrofit kW 7.6 8.5 5.6 74.3% 

Installed kW 4.5 5.2 4.1 91.5% 

Runtime (hours)* 22,464 19,236 3,582 15.9% 

Annual Savings (kWh) 22,689 21,228 1,855 8.2% 

* Runtime for a combined 3 of 3 vacuum pumps 
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Discrepancy Analysis 

This section describes the key drivers behind any difference in the tracking and evaluation estimates. The 

following table summarizes these differences. The purpose of this table is to describe how changes to the 

key parameters influences the final project savings.  

Table 17: Discrepancy Summary 

Parameter Discrepancy 
Impact on Results 

(% of Total Discrepancy) 

Machines not operating 226,771 kWh 59.1% 

Machines with non-functional VFDs 78,742 kWh 20.5% 

Lower Demand Reduction 49,827 kWh 13.0% 

Reduced Operating Hours 28,210 kWh 7.4% 

 

The discrepancy between the tracking analysis and evaluation savings results primarily from a reduction in 

the number of machines in use and using VFDs. In the TA calculations, all 11 machines are expected to 

deliver energy savings with the installation of a VFD. Based on the evaluation findings, two of the 11 

machines (Battenfield and D4) are installed with incorrectly sized VFDs or no VFDs; also, machine D8 is 

installed with a VFD that trips frequently and is therefore always run in bypass mode. Three additional 

machines (D9, D12, and IMPCO) were observed to not be in use with no near term plans for use. Combined, 

these six machines account for 79.7% of the total discrepancy.  

The remaining 20.3% of the discrepancy is caused from a lower demand reduction in both the evaluated 

molding machines and the evaluated vacuum pumps compared to the TA estimates, along with a reduction 

in operating hours.  

The vacuum pump discrepancy for two vacuum pumps (#1 and #3) is attributed to a reduced pump runtime. 

The tracking analysis assumes that all three vacuum pumps run 7,488 hours per year; however the 

evaluation found pump #1 to run 1,570 hours per year and pump #3 to run 973 hours per year. The total 

demand savings for these two pumps is similar in the tracking analysis and the evaluation, so the reduced 

runtime decreases the total energy savings. For vacuum pump #2, the evaluation found this pump to be 

running at full speed with the VFD operational. Due to drive burden, the evaluated installed case kW was 

higher than the pre-retrofit kW, resulting in an energy penalty.  

It is difficult to break out the IMM discrepancy between a change in production levels and a reduced demand 

savings, as the production metric is not comparable in the tracking and evaluation analyses. The TA 

calculations assume an annual runtime (hours) per machine whereas the evaluation calculation uses an 

annual production level (total pounds of material produced) which accounts for multiple parts, each with a 

different cycle time, in production on each machine. This production data is extrapolated based upon one 

month’s worth of data provided by the site.  

This being said, the total kW reduction observed for each operational IMM in the evaluation is between 10% 

and 42% of the reduction predicted in the TA calculations; on average the evaluated demand reduction for 

the operational IMMs is 32% of the TA estimated reduction. For machines WP, D1, D3, and D5, this is due to 

the fact that both the evaluation pre-retrofit and installed case kW readings are larger than the TA 

assumptions; however, the evaluation installed kW is approximately 407% of the TA installed kW while the 

evaluation pre-retrofit kW is approximately 152% of the TA pre-retrofit kW.  
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For machine D10, the evaluation metered pre-retrofit demand was approximately 25% of the TA pre-retrofit 

demand; however the evaluation metered installed case demand was approximately 37% of the TA installed 

case demand. Table 18 below shows a comparison of the TA and evaluation demand findings for the 

operational IMMs.  

Table 18: TA and Evaluation Demand Reduction Comparison 

 

 

The notably larger increase in installed evaluation readings (216%) and the overall smaller increase in pre-

retrofit evaluation readings (108%) imply that the VFD demand savings are not being met and are a large 

contributor to the discrepancy.  

TA Calcuations Evaluation Estimates Comparison: Eval/TA (%)

IMM Pre-Retrofit Installed Savings Pre-Retrofit Installed Savings Pre-Retrofit Installed Savings

Tag kW kW kW kW kW kW kW kW kW

WP 4.83 2.54 2.30 6.03 5.08 0.95 125% 200% 41%

D1 4.89 1.36 3.53 7.34 6.12 1.21 150% 450% 34%

D3 4.89 1.36 3.53 7.81 6.37 1.44 160% 468% 41%

D5 4.89 1.36 3.53 8.41 6.92 1.49 172% 509% 42%

D10 10.29 5.71 4.58 2.55 2.11 0.44 25% 37% 10%

Total 29.80 12.33 17.47 32.14 26.61 5.53 108% 216% 32%
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PROJECT DESCRIPTION 

A semiconductor manufacturing facility replaced a Westinghouse vacuum tube-type RF induction heating 

machine used for chemical vapor deposition with a more efficient fully-solid-state Pillar machine. The 

Westinghouse machine was reported to be at the end of its useful life and the baseline machine assumed for 

estimating claimed savings would have been a refurbishment of a similar machine. However, this evaluation 

has concluded that the industry standard practice for a machine at the end of its useful life in this process is 

to install a solid state machine equivalent to the machine installed, not a refurbished tube-type machine.  

This conclusion is supported by the detailed interviews discussed below. The evaluation therefore concludes 

that this project is not achieving any savings.  The evaluation results are compared with the tracking 

estimates in Table 1. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 160,000 0 0% 

% of Energy Savings on Peak 46% NA NA 

Summer On-Peak Demand (kW) 18.3 0 0% 

Winter On-Peak Demand (kW) 18.3 0 0% 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project.  The TA deployed loggers for 13-14 days to monitor the electrical usage of both the baseline 

Westinghouse machine as well as a recently installed Pillar machine of the same model as the proposed 

machine.   

Baseline 

The facility’s “Reactor No. 10”, an induction heating system featuring a Westinghouse RF generator with 

tube technology operating at the end of its useful life, consumed 9,400 kWh over 13.9 days of metering. 

Data show the reactor operated continuously over this period, although in standby between runs. Table 2 

shows the key baseline parameter assumptions utilized in the tracking analysis. 

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Energy Consumption 

over 13.9 days (kWh) 
9,400 TA Workbook 

13.9 days of metering (value used was rounded up 

from 9,334 kWh) 

TA used 13.0 days in the determination of daily 

savings, which was multiplied by 365 days/year to 

determine annual savings 

Annual days of operation 365 TA Workbook  

Proposed Condition 

The facility’s “Reactor No. 11”, an induction heating system featuring a Pillar MK-11 RF generator with fully-

solid state technology, consumed 3,700 kWh over 14.0 days concurrent with Reactor 10 data collection. 

Data show Reactor 11 operated continuously over this period, although in standby between runs. While the 

data collection periods ran concurrently, different parts were produced on the two machines but no attempt 

at normalization was made by the TA. Table 3 shows the key proposed case parameter assumptions utilized 

in the tracking analysis. 

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Energy Consumption 

over 14 days (kWh) 
3,700 TA Workbook 

14.0 days of metering (value used was rounded down 

from 3,728 kWh); 

TA used 13.0 days in the determination of daily 

savings, which was multiplied by 365 days/year to 

determine annual savings 

Proposed equipment 

performance 

Same as 

Reactor No. 

11 

Project 

Documentation 

The proposed equipment was the same make and 

model as another reactor installed prior to the 

evaluated equipment 

Annual days of operation 365 TA Workbook  

http://www.dnvgl.com/
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Tracking Calculation Methodology 

Annual energy savings were calculated by subtracting the metered energy consumption for the proposed 

case system from that for the baseline and then extrapolating the result over 365 days (i.e. (9,400-

3,700)/13*365 = 160,000).  Peak demand savings were calculated by dividing the annual energy savings by 

8,760 hours per year.  The TA did not account for savings associated with the separate cooling water cooling 

equipment. 

  

http://www.dnvgl.com/
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions that were used to estimate evaluated savings 

for the project. The site contact agreed to participate in the evaluation in a phone discussion on September 

8, 2015 and evaluators visited the site on January 19, 2016.  

Measure Verification 
Implementation of the project measure was verified through observation and interview during the site visit, 

as shown in Table 4. The machine was operating on the day of the site visit, and production data provided 

by the site contact proved that it operated at a consistent pace throughout 2015.  

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

Replace existing tube-type RF induction 

heating system at the end of its useful life 

with a fully solid state system 

Site observation and interview; 

production data 

Tube-type RF induction has been 

replaced with a fully solid state 

system  

Data Collection 

An attempt was made to install metering equipment on the installed machine, however, subsequent 

investigations revealed that the installed machine is the current industry standard practice and metering was 

not necessary.  

The site contact provided production data for the installed machine covering over 467 runs from January 2, 

2015 through December 31, 2016 which did show the machine was running as intended. 

In the effort to verify the appropriate baseline machine, evaluators interviewed the site contact, researched 

the internet, and engaged in phone discussions with a representative of the manufacturer of the installed 

machine as well as a representative of the firm that provided the quote for the TA-assumed baseline. Data 

obtained in the evaluation effort is shown in Table 5. 

Table 5: Evaluation Data Collection – Data Received 

Source Parameter Interval Duration 

2013 TA Logged Data Existing Pillar MK-11 demand (kW) 15 minutes 14.0 days 

2013 Customer 

Production Data 

Coincident production data for the existing Pillar 

machine, including:  

 Run # 

 # Wafers by run 

 Deposition thickness (microns) for each run 

 Run start and end times 

N.A. 
32 runs over 13 

days  

2013 TA Logged Data Baseline Westinghouse demand (kW) 15 minutes 13.9 days 

2013 Customer 

Production Data 

Coincident production data for the baseline 

Westinghouse machine (same parameters as for the 

Pillar machine, but different values) 

N.A. 
25 runs over 13 

days 

2015 Customer 

Production Data 

Coincident production data for the installed Pillar 

machine, including:  

 Run # 

 # Wafers by run 

 Deposition thickness (mils) for each run 

 Run start and end times 

N.A. 

467 runs from 

January 2, 2015 

to December 31, 

2015 

http://www.dnvgl.com/
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Evaluation Savings Analysis 

It is the evaluators’ assessment that the industry standard practice for a machine at the end of its useful life 

in this industrial process is to install a new solid state machine, not a refurbished tube-type machine, as 

assumed by the TA.  For this reason the savings for this project is considered zero, and no further analysis 

was performed on the data that was collected.  More details on the assessment of the baseline are discussed 

below.  

Baseline 

The baseline assumed by the TA was a refurbished tube-type Westinghouse induction heating machine 

serving a semiconductor manufacturing process. However, the industry standard practice for a machine at 

the end of its useful life in this process is to install a solid state machine, not a refurbished tube-type 

machine.  This is due to solid state’s greater efficiency, reliability and power regulation as compared to 

oscillator tube technology. This conclusion is supported by the following information gathered from the site 

contact, the manufacturer of the installed machine, and the firm that provided the quote for the TA-assumed 

baseline 

The site contact stated during the site visit that a refurbished tube-type machine (the TA-assumed baseline) 

was not a viable option for their process when this project was implemented in 2013 for the simple reason 

that in his opinion the tube-type technology was outdated1.  Specifically, he said that replacement parts (i.e. 

vacuum oscillator tubes) and service technicians for the old tube-type RF generators were too hard to find. 

Furthermore, the manufacturer of the installed solid state machine stated that while they will still 

manufacture the tube-type equipment they only build them on a customized basis (as of now a single 

customer with specific needs does order from time to time). He said that a custom-built tube-type machine 

costs two to three times more than new solid state machines of the same capacity, and are much less 

efficient. The manufacturer also said that another option is to rebuild the existing tube-type equipment at a 

cost of about a third of a new solid state machine, but the parts (especially the oscillator tubes) are 

becoming rare. Due to this it is uncommon to refurbish existing tube-type equipment. 

Finally, the representative of the firm that refurbishes the tube-type machines and provided a quote for 

refurbishing the older machine for this project said that the older technology machines are no longer being 

manufactured. When specifically asked multiple times over the course of the discussion if the industry could 

be considered to have switched to solid state machines he did not answer directly, but instead talked at 

length about problems with solid state machines generating unwanted radio frequency interference. He 

estimated that already roughly 50% of the machines currently installed and in use are of the new solid state 

technology.  

Given that the contact for a manufacturer of solid state machines, who indicated he personally has been in 

the business for over 30 years and experienced the conversion to solid state, while the contact for a 

company that can refurbish tube-type oscillator machines avoided directly answering the question as to 

whether the industry has made that conversion, it is the evaluators’ assessment that the industry standard 

practice is to install a solid state machine to replace a tube-type machine at the end of its useful life. While it 

                                                
1According to a Wikipedia entry, “The use of this technology [multi-electrode … based oscillators] survived until the early 

1990s at which point the technology was all but replaced by power MOSFET and IGBT solid state equipment.” ; 

https://en.wikipedia.org/wiki/Induction_heater 

http://www.dnvgl.com/


 

Page 6 of 7 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 
 

 

may be possible to refurbish such a machine, it is not common in the industry and is clearly not standard 

practice for this customer. 

Installed Condition 

The installed machine is a solid state Pillar induction heating machine serving the same process as the 

baseline machine. 

Analysis Methodology 

Because the installed equipment for this project is the same as the industry standard practice, no savings is 

credited to the project and there is no need for further analysis. 

EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 6 summarizes the 

evaluation results by measure and project. Because the installed equipment for this project was the same as 

the industry standard practice, no savings have been credited. 

Table 6: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Replace existing 

tube-type RF 

induction heating 

system at the end of 

its useful life with a 

fully solid state 

system 

Electric energy (kWh) 160,000 0 0% 

% of Energy Savings on Peak 46% NA NA 

Summer On-Peak Demand (kW) 18.3 0 0% 

Winter On-Peak Demand (kW) 18.3 0 0% 

Comparison of Assumptions 

It is the evaluators’ assessment that the industry standard practice for the purchase of a new machine for 

an end of life replacement in this industrial process is to install a solid state machine, not a refurbished tube-

type machine, as assumed by the TA.   

Table 7: Comparison of Key Parameters 

  BASELINE PROPOSED / INSTALLED 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 

Tracking 

Value(s) 

Evaluation 

Value(s) 

Baseline Machine 
Refurbished tube 

type machine 

Solid state 

machine 

Solid state 

machine 

Solid state 

machine 
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Discrepancy Analysis 

Table 8 summarizes the key drivers of the discrepancies between the tracking and evaluation savings 

estimates.  

Table 8: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

 Baseline definition 

 TA assumed a refurbished machine as the 

baseline when the industry standard is a 

solid state machine 

 Claimed savings are negated 

Improvement Opportunities 

A more thorough assessment of standard practice specific to the affected industrial process should be 

performed for new construction type projects. 

Although it makes no difference in the realization rate in this case, normalization to adjust for different parts 

being produced on the baseline and proxy installed machines during the TA’s data collection period should 

have been performed. 
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NATIONAL GRID 07 

Program Administrator National Grid 

Project ID(s) 621616 

Project Type Retrofit 

Program Year 2013 

Evaluation Firm SBW 

Evaluation Engineer Dan Bertini  

Senior Engineer Jeff Romberger 

PROJECT DESCRIPTION 

This project at a wastewater treatment plant (WWTP) involves the replacement of a mechanical aeration 

system with a more efficient type of aeration system. The original WWTP was designed and constructed in 

1955-56 and in 1984 was expanded and upgraded to include six aeration basins (Basins 1-6) with 

mechanical aerators for activated sludge treatment. No more than three of the six basins are needed to 

meet the maximum demand. The other three basins are always empty.  The plant is designed as a single 

stage nitrification facility to treat an average daily flow of 3.0 million gallons per day (MGD), 4.0 thousand 

pounds per day of biochemical oxygen demand (BOD), and 646 pounds per day of ammonia (NH3). In 2012 

the mechanical aerators in Basins 2, 4 and 6 were replaced with fine bubble diffusion systems, the impact of 

which is the subject of this evaluation. The mechanical aerators in Basins 1, 3, and 5 remain in place but are 

never energized since those basins are always empty.  

Annual energy savings was found to be approximately 39,401 kWh greater than expected, resulting in a 

realization rate of 106.8%. This discrepancy is attributable to two offsetting differences. The difference 

between the evaluation and tracking assessments of the installed blower energy use during months with the 

greatest wastewater flow resulted in greater than expected installed energy use, reducing energy savings. 

This was offset by an adjustment to the baseline electrical demand which accounts for motor efficiency 

resulting in greater baseline energy use, which increased energy savings.  

Table 1 compares the tracking and evaluations estimates of savings.  The tracking energy savings equals 27% 

of the facility’s total annual energy consumption in 2011. As a sanity check, a simple comparison of baseline 

and installed 12-month rolling average daily energy use showed a 21% energy use reduction equivalent to 

an annual saving of 426,000 kWhs, which is on the same order of magnitude as the evaluated savings using 

an engineering analysis.   

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 575,651 615,052 106.8% 

% of Energy Savings on Peak 47.0% 44.5% 94.6% 

Summer On-Peak Demand (kW) 65.9 65.5 99.4% 

Winter On-Peak Demand (kW) 68.0 65.7 96.6% 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project. 

Baseline 

Following is copied from the Tracking Analysis (TA) study of June 2010.  

“There are six (6) Air-O-Gest mechanical aerators installed, one in each of six aeration basins. Each 

mechanical aerator consists of a two-speed drive motor, rotating cone with mist shield and a draft 

tube. The two-speed motor is mounted on a concrete platform positioned over the center of the 

basin. At high speed, each aerator motor runs at 1200 rpm and produces 57 horsepower. At low 

speed, each motor runs at 900 rpm and produces 42 horsepower. The rotating cone is partially 

submerged and is connected to the motor by a drive shaft. The draft tube is located below the 

rotating cone and extends downward to within 1-foot of the bottom of the basin. The draft tube is 

open at both ends. When the mechanical aerator is operating the spinning cone naturally draws 

water from the very bottom of the basin up through the draft tube and into the rotating cone where 

it is thrown outward onto the water surface.  In this way, the wastewater is exposed with the 

surrounding air and oxygen is naturally transferred to the water. The operation of the mechanical 

aerator with draft tube also enhances mixing within the basin.”   

It appears that the 42 HP may be a typo, because there is supporting documentation of 45 HP which was 

also used in the analysis.  Under baseline conditions, according to the TA calculation workbook, three of the 

six mechanical aerators operate continuously at 45 HP each resulting in a total continuous electrical demand 

of 101 kW (3 * 45 HP * 0.7457 kW/HP). Table 2 shows the key baseline parameter assumptions utilized in 

the tracking analysis. 

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) Source of Parameter Value Note 

# Operating Mechanical Aerators 3 TA assumption  

Total Aerator kW 101 TA calculation 3 * 45 HP * 0.7457 

kW/HP Annual hours of operation 8,760 TA assumption  

Proposed Condition 

Fine bubble diffusion grids were installed in three of the six treatment basins. The other three treatment 

basins were unchanged and are not used. Following is copied from the TA study of June 2010. 

“The [three] existing mechanical aerators are abandoned and replaced with a fine bubble diffused 

aeration grid system mounted at the bottom of each aeration basin. Each grid is comprised of 324, 

9-inch membrane, fine bubble diffusers mounted about 12-inches above the floor of the basin. Air 

supply to the grid systems is supplied from blowers mounted on the aeration basin platforms.” 

Five new VFD-driven 40 HP positive displacement blowers were installed to deliver air to the diffusion grids . 

The new blowers are controlled to vary the airflow based on continuously monitored dissolved oxygen levels 

in the three aeration basins. In the proposed case, according to the TA calculation workbook, three of the 
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five blowers operate continuously as the primary blowers for the three retrofitted aeration basins, with a 

total electric demand ranging from 32 kW and 42 kW. The other two blowers operate only in a backup 

capacity. 

Table 3 shows the key proposed case parameter assumptions utilized in the tracking analysis. 

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) Source of Parameter Value Note 

# Operating Blowers 3 TA assumption  

Total Blower kW 32 – 42 TA assumption Based on design specs 

Annual hours of operation 8,760 TA assumption  

 

Tracking Calculation Methodology 

The TA generated average hourly kW savings for each month of the year using an engineering model that 

incorporated many design performance parameters of the proposed fine bubble diffuser system. Savings 

were then assigned to on and off peak periods based on the number of on and off peak hours in each month. 

The average hourly electrical demand associated with the proposed case blowers for each month was 

assumed to be the greater of the fixed demand required to meet simple mixing requirements in the three 

aeration basins (3 X 300 CFM), and the variable demand required to meet the oxygen load associated with 

NH3 and BOD removal, which was calculated as a function of historical monthly averages based on operators’ 

logs from June 2006 through September 2009. The TA calculations indicated that the airflow requirement for 

mixing was the criteria driving the proposed blower electric demand for all months except April through June 

which required greater average airflows. Electrical demand savings for each month was calculated as the 

difference between the fixed demand of the baseline mechanical aerators (101 kW), and the variable 

demand of the proposed diffusion system (32 kW to 42 kW).  Total energy savings was calculated as the 

sum of the products of the demand savings in each bin and the number of hours in each bin. Demand 

savings for summer and winter peak periods were calculated by dividing the total energy savings for each 

period by the total number of hours in the period, as defined by the MALCIEC guidelines shown in Table 4.  

For the baseline calculation of energy savings there appears to be an error in the calculation which assumed 

the aerator shaft power was equivalent to the electrical demand on the aerator motor by not including the 

motor efficiency in the calculation.  

Table 4: MALCIEC Demand Savings Definitions 

Savings Quantity Savings Definition 

% of Energy Savings on Peak All Months:  6am-10pm M-F excluding nine holidays 

Summer On-Peak Demand (kW) June, July, August: 1pm-5pm  M-F excluding holidays 

Winter On-Peak Demand (kW) December, January: 5pm-7pm  M-F excluding holidays 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the Evaluated savings for the 

project. Evaluators received permission to proceed with the project evaluation during a phone conversation 

with the site contact on September 18, 2015 and evaluators visited the site on January 20, 2016 to observe 

the installation, deploy loggers, and interview the site contact. 

Measure Verification 

The project measure was verified through observation and staff interview during the site visit as 

summarized in Table 5.  It was verified that the three mechanical aerators serving basins 2, 4 and 6 have 

been removed and replaced by fine bubble diffusion grids that are pressurized by a system of five new VFD-

driven positive-displacement blowers. The new blowers are automatically controlled to vary the airflow to 

each aeration basin to satisfy the required dissolved oxygen (DO) level, which is continuously monitored. 

Wastewater flows first into basin 6, then into basin 4, and lastly into basin 2.  Basins 6 and 4 are each 

served by a pair of the blowers operating in a lead/lag arrangement. If DO levels in either of the first two 

basins drops too low when the lead blower serving that basin is operating at full speed, then the lag blower 

serving that basin will energize to meet the additional load.  The lead/lag roles are switched daily.  Basin 2, 

being the last in the series and having the smallest aeration load, is served by a single blower. The old 

mechanical aerators remain in place in the other three basins (1, 3 and 5) but are never put in service since 

those basins are empty and unused.  

Table 5: Measure Verification 

Measure Name Verification Method Verification Result 

Fine bubble aeration system at a 

treatment plant replacing 

mechanical aeration 

On-site observations 

The mechanical aeration equipment in three of the six 

treatment basins have been removed and replaced with fine 

bubble aeration systems served by five VFD-driven positive 

displacement blowers, as described by the project 

documentation.   

Data Collection 

During the site visit, evaluators deployed three-phase kW loggers on the line side of each of the five VFDs 

driving the blowers. Table 6 summarizes the trend data that was collected from these loggers.  Since only 

three of the five blowers were operating during the site visit, the second stage blowers were alternated into 

service so that one-time kW measurements could be taken on all five blowers operating under 

approximately steady state conditions.  These measurements were only used to verify kW logger readings, 

and are summarized in Table 7.  

Table 6: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment 

Brand and Model 
Metering Start/Stop Dates 

Metering 

Interval 

Blower kW (5) Elite Pro SP (5) January 20, 2016 - February 24, 2016 (35 days) 15 min average 
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Table 7: Installed Blower One-Time kW Measurements  

Basin Number 

(2, 4, or 6) 
Blower Number kW 

2 Blower 2 12.6 

4 Blower 4A 10.3 

4 Blower 4B 9.7 

6 Blower 6A 14.3 

6 Blower 6B 13.3 

The loggers were retrieved on February 24, 2016. The site contact provided BOD data (usually measured 

three times per week) and daily plant wastewater flow data (MGD) over the period beginning January 1, 

2015 and ending February 29, 2016 (14 months). The customer also signed a formal release allowing access 

to historical kW interval data from the site’s billing meter.   Figure 1 shows the logged data and coincident 

plant data trends over the five week logging period. 

Figure 1: Logged Data and Coincident Plant Data 

 

 

Evaluation Savings Analysis 

Evaluators reviewed the trend data, spot measurements, and equipment specifications to verify and update 

the key parameters outlined in Table 2 and Table 3 above.  

Installed Operating Profile 

The annual installed energy use profile was developed using the logged blower kW data with the coincident 

plant flow data to define the relationship of average daily kW to flow. That relationship was then used to 

extrapolate average daily kW energy use to the entire year using a full year of daily flow data. The average 
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daily kW values were then distributed across all hours of each day assuming a typical hourly profile based on 

the metered kW data. A more detailed description is presented in the remainder of this section. 

Daily Average Total Blower kW Demand – From the metering data, total blower kW was calculated for each 

hour by summing the kW of all five blowers. Then the hourly values were averaged across each day. It had 

been planned to use average daily kW with coincident historical MGD and BOD to generate a regression 

model of daily average blower kW demand as a function of both MGD and BOD. However, as reflected in 

Figure 1, the correlation result indicated that BOD was not a statistically significant independent variable 

related to average daily kW and was dropped from the regression model. The site contact had also indicated 

that based on his observations of system operation, MGD should be the most significant variable in 

determining blower kW.  Figure 2 supports this observation, showing an excellent correlation in the 

regression model that was developed using only MGD.  

Figure 2: Installed Total Blower Demand as a function of Plant Flow 

 

The 365 day profile of average daily kW demand for the installed case was calculated by applying the 

regression model shown in Figure 2 to the historical daily MGD flow data beginning on January 1st, 2015 and 

ending on December 31st, 2015.  The 2015 daily flow and modelled demand profiles are shown in Figure 3. 

Note that the daily demand is assumed to be limited to 150 kW at the high end and 27 kW at the low end. 

The high end corresponds to the rated kW of all five blowers operating at full speed and observed operating 

pressure (8 psid). The maximum calculated kW was less than 100 kW, indicating that the system has 

capacity greater than required at peak plant flow.  The low end corresponds to the observed minimum 

logged kW, which is the kW demand associated with minimum operating airflow, and was reached only a few 

days. 
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Figure 3: 2015 Plant Flow and Modelled Daily Blower Demand 

 

Hourly Demand – Using the logged kW blower data, an average daily profile of the ratio (percent) of actual 

hourly demand to average daily demand was developed. This profile is shown below in Figure 4 in bold red.  

Note that on average the blower demand is lowest at 3 am and highest at 6 pm.  Using site whole facility 

interval data provided by the PA, similar profiles were generated from total plant kW demand for each 

month of the year.  As can be seen in Figure 4, these monthly whole facility profiles all tend to have a 

similar shape with maximum and minimum values occurring at 1 pm to 2 pm and 5 am to 6 am, respectively.  

The time delay for the blower peak demand is consistent with typical wastewater plant energy use patterns 

due to significant influent pumping at the plant inlet and the time required to gravity flow through the plant 

to the aeration basins.  Since the monthly kW profile shapes for the overall plant kW demand remain 

relatively constant, it is assumed that the same holds true for the blower profile. The average daily blower 

kW demand values shown in Figure 3 were expanded to hourly profiles by multiplying each daily average kW 

value by the appropriate hourly ratio for the blower, shown in Figure 4. The resulting 8,760 hourly demand 

profile is shown in Figure 5. 
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Figure 4: Average Daily Profile of the Ratio of Actual Hourly kW to Average Daily kW 

 

Figure 5: 8,760 Hour Blower kW Profile 

 

 

Baseline Operating Profile 

According to the site contact, each of three mechanical aerators that had served basins 2, 4 and 6 in the 

baseline, operated continuously at low speed. The TA also assumed continuous low speed operation resulting 

in a total continuous electrical demand of 101 kW (calculated as: 3 motors * 45 hp/motor * 0.7457 kW/hp) 

regardless of the aeration load requirement in the basins.  Evaluators were unable to independently test the 

performance of the mechanical aerators remaining in Basins 1, 3, and 5 since those basins were empty and 

are never used. However, the TA documentation indicates that the low speed rating of 45 hp is the brake 
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horsepower output rating which includes load factor, but does not include the motor efficiency. The 

evaluation assumed motor efficiency at 90% (typical of standard efficiency 50 to 75 hp motors) and 

recalculated the baseline demand of 112 kW.  

Energy Savings Profile 

The annual hourly energy savings profile was calculated by subtracting the hourly installed profile from the 

baseline profile. Total annual energy savings was calculated as the sum of the 8,760 hourly energy savings 

values.  

Summer and Winter On-Peak Demand savings and % of Energy Savings On-Peak were calculated from the 

8,760 hourly demand savings values using the MALCIEC guidelines shown in Table 4.All spreadsheets used 

in the estimation of evaluation savings will be made available to the PAs for review at their request.  
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis presented above.  Table 8 

summarizes evaluation results. Evaluated annual energy savings were 615,052 kWh, or 106.8% of the 

tracking estimate.  Of this 44.5% occurred on-peak.  Summer peak demand savings was 65.5 kW, or 0.4 

kW less than the tracking estimate, and winter peak demand savings was 65.7 kW, or 2.3 kW less than the 

tracking estimate. As a sanity check, interval data provided by the PA shows that the annual usage 

extrapolated from the 12-month rolling average daily usage on Feb 23, 2016 (coinciding with the end of the 

evaluation logging period) was 426,000 kWhs lower (21%) than the annual usage extrapolated from the 12-

month rolling average daily usage in Dec 2011. 

Table 8: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Fine bubble 

aeration system 

replacing 

mechanical 

aeration 

Electric energy (kWh) 575,651 615,052 106.8% 

% of Energy Savings on Peak 47.0% 44.5% 94.6% 

Summer On-Peak Demand (kW) 65.9 65.5 99.4% 

Winter On-Peak Demand (kW) 68.0 65.7 96.6% 

Comparison of Assumptions 

The TA analysis assumed that for most of the year, the BOD/ammonia load would be sufficiently low so that 

the minimum airflow of the proposed blowers needed to meet simple mixing requirements (900 CFM, 32 kW 

total blower demand) would satisfy the BOD/ammonia load.  Only in April, May and June would the 

BOD/ammonia load be high enough to require greater than minimum mixing airflows with a resulting 

maximum total blower demand of 42 kW. Evaluators found that the minimum total airflow for mixing has 

been set lower than proposed resulting in minimum daily average blower demand of 27 kW, and that during 

days with peak plant flow, the maximum daily average total blower demand was 96.4 kW.  

The TA analysis calculated the baseline demand at 101 kW based on the manufacturer’s O&M report for the 

aerators that stated a shaft power of 45 brake horsepower at low speed. However, the TA did not include 

the motor efficiency in the calculation. The evaluation assumed the motor efficiency at 90% and recalculated 

the electric demand at 112 kW.    

Table 9 compares the values of key parameters between the tracking and evaluation analyses. 

Table 9: Comparison of Key Parameters 

  BASELINE PROPOSED / INSTALLED 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 

Tracking 

Value(s) 

Evaluation 

Value(s) 

# Operating Mechanical Aerators 

(Baseline) or Blowers 

(Proposed/Installed) 

3 3 3 3 or 4 

Average Daily Total Aeration kW 101 112 32-42 27-96 

Annual hours of operation 8,760 8,760 8,760 8,760 
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Discrepancy Analysis 

Annual energy savings was found to be approximately 39,431 kWh greater than expected, resulting in a 

realization rate of 106.8%. This discrepancy is attributable to two offsetting differences. As observed in 

Figure 6, the difference between the evaluation and tracking assessments of the installed blower energy use 

during months with the greatest wastewater flow resulted in greater than expected installed energy use, 

reducing energy savings. This was offset by an adjustment to the baseline electrical demand which accounts 

for motor efficiency resulting in greater baseline energy use, which increased energy savings.  

The TA analysis was based on a theoretical engineering model that assumed many design performance 

values for the proposed fine bubble diffuser system. The TA assumed that the minimum airflow requirement 

for mixing would be 900 CFM (300 CFM per basin) with a corresponding minimum total blower demand of 

32.3 kW. The TA also estimated that total blower demand would only rise above the minimum level during 

April (41.9 kW), May (38.1 kW) and June (38.2 kW). The evaluation found that the minimum mixing airflow 

was set less than the proposed resulting in minimum daily average blower demand of 27 kW.  The 

evaluation calculated that the average monthly demand varied between 31.1 kW (October) and 68.8 kW 

(April), and was a function of total wastewater flowrate through the plant. Figure 6 shows the total average 

demand between the proposed and installed blowers for each month of the year, as well as the 

corresponding plant flows. It is also noted that the total plant flow has decreased from the TA estimates in 

the proposed case.  

The evaluation also reviewed the baseline kW demand assumed in the tracking analysis and determined that 

the motor efficiency was not included in the calculation from the stated 45 brake horsepower per motor. The 

evaluation assumed a motor efficiency of 90%, which revised the baseline demand from 101 kW to 112 kW.  

Figure 6: Comparison of Proposed and Installed Total Blower Demand and Plant Flow 

 

Table 10 summarizes the key drivers of the discrepancies between the tracking and evaluation savings 

estimates.  
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Table 10: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Baseline kW 

The evaluation reassessed the baseline demand, and 

adjusted it up from 101 kW to 112 kW based on the 

application of motor efficiency to the brake 

horsepower used in the tracking analysis. 

This difference increased 

tracking savings by 16.6% 

Installed kW 

Average hourly blower demand across all hours of the 

years was 41.6 kW instead of the proposed value of 

34.1 kW, or an increase of about a 22%. 

This difference reduced tracking 

savings by 10.2%. 

Improvement Opportunities 

One-time kW measurement of the baseline equipment would have improved the baseline electrical demand 

estimate. Metering the installed blower kW over a range of plant flow (post installation M&V) would have 

potentially improved the proposed energy use estimate.  
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NATIONAL GRID 11 & 19 

Program Administrator National Grid 

Project ID(s) 1937325, 1937328 

Project Type New Construction 

Program Year 2013 

Evaluation Firm SBW 

Evaluation Engineer Jeremy Stapp  

Senior Engineer Lynn Qualmann 

 

PROJECT DESCRIPTION 

This M&V report covers two applications at this site.  The site is a manufacturing facility that produces 

various small parts using injection molding machines (IMMs). The site added a new product requiring the 

expansion of the existing plant capacity.  The project applications are for four new machines identified in two 

applications submitted at the same time as follows: 

 Application 1937325:  Two (2) 250-ton all-electric IMM’s 

 Application 1937328:  Two (2) 390-ton all-electric IMM’s   

Typically in situations where there is an initial purchase of equipment, standard practice or an applicable 

code would be used to define the baseline.  However, there is no applicable building code and no standard 

practice has yet been defined for IMMs.  The TA assumed hydraulic machines as the baseline and calculated 

baseline energy as the average of existing hydraulic machines previously metered for similar projects at 

other facilities. 

The all-electric machines do not utilize hydraulics, and are therefore more efficient than hydraulic machines, 

which typically utilize a hydraulic press. Table 1 shows the overall evaluation results for application 1937325. 

Table 2 shows the overall evaluation results for application 1937328. 

Throughout this report, references to the mass of material processed are with respect to the mass of 

material in the final product only (i.e. scrap is excluded) and are designated as kgProd. 

Table 1: Application 1937325 Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 487,584 519,559 107% 

% of Energy Savings on Peak 47% 66% 140% 

Summer On-Peak Demand (kW) 59.1 88.0 149% 

Winter On-Peak Demand (kW) 55.9 82.9 148% 

Table 2: Application 1937328 Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 443,370 708,837 160% 

% of Energy Savings on Peak 47% 66% 140% 

Summer On-Peak Demand (kW) 53.4 120.2 225% 

Winter On-Peak Demand (kW) 51.0 112.9 221% 
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There are a total of nine IMMs at the site, four of which are covered under these two applications.  A 

summary of the machines is shown in Table 3. 

Table 3: On Site Injection Molding Machines 

Unit Size (Tons) Type Application # 

IM01 Not Obtained Aarburg All-electric IMM N/A 

IM02 Not Obtained Aarburg All-electric IMM N/A 

IM03 Not Obtained Aarburg All-electric IMM N/A 

IM04 250 Toshiba All-electric IMM 1448205 (incentivized in 2012)  

IM05 250 Toshiba All-electric IMM 1937325 (this report) 

IM06 250 Toshiba All-electric IMM 1937325 (this report) 

IM07 390 Toshiba All-electric IMM 1937328 (this report) 

IM08 390 Toshiba All-electric IMM 1453201 (incentivized in 2012) 

IM09 390 Toshiba All-electric IMM 1937328 (this report) 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the projects.  The same exact approach was used to calculate savings for both applications covered 

under this report. 

Baseline 

The TA study identified the baseline for both applications as hydraulic machines of the same characteristics 

as the installed machines producing the same parts.  The TA established an average kWh/kgProd for a 

hydraulic baseline using data from past IMM project measurements of existing hydraulic equipment.  The 

metering results presented in the TA study are summarized in Table 4.  The TA noted a relatively strong 

inverse correlation between shot mass and kWh/kgProd as shown in Figure 1. They selected three machines 

representing an average shot mass as close as possible to the proposed machine.  They also attempted to 

pick machines that did not have too high a tonnage relative to the proposed machine.   

Table 4: Baseline IMM Information (from past TA studies) 

Model Tons 
kWh/ 

kg Prod 
Shot Size 
(g Prod) Cavities/Mold 

Cycle Time 
(sec) 

250 
Ton 

Select
ions 

390 
Ton 

Select
ions 

Installed units 250  80.7     

Installed units 350  93.7     

--- 55 1.63 --- --- --- 
  

Milacron VST 85 110 2.69 7.25 7 10.66 
  

--- 110 3.41 --- --- --- 
  

Husky 165 138 4.90 27.1 23 16.95 
  

Milacron VT 165 165 2.36 72.45 16 31.85 
  

Husky H160 165 3.76 28.8 24 17.2 
  

Milacron VT220 198 1.72 130.4 28 35 x 
 

--- 200 2.20 --- --- --- 
  

Toggle 300 300 0.96 129 --- 20.9 
 

x 

Milacron 220 310 0.80 228.89 16 37.9 x 
 

Haitian 281 330 1.00 --- --- --- x x 

Maxima 450 440 0.97 161 32 17.7 
 

x 

Fellows 650 440 1.08 231.8 48 15.5 
  

Sandretto 425 500 1.08 170 24 11.7 
  

Sandretto 820 610 1.23 200 16 14.2 
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Figure 1:  TA Baseline IMM Shot Size to kWh/kgProd 

 

Annual kWh was calculated on a kWh/kgProd basis.  Total annual kgProd produced was calculated as part mass 

x parts/year.  Parts/year and part mass were based on planned production estimates provided by the site 

(not actual production data). The TA did not account for scrap rates in their analysis because the customer 

did not quantify scrap and, more importantly, because the scrap rates for the baseline and proposed cases 

are the same.  Both values were provided by the site contact.  According to the site, each similarly sized 

machine makes the same part for the entire year. Annual kgProd for a single machine was calculated as 

follows for each application: 

Application 1937325:  Total annual kgProd = 1.8g/part/1000 * 150,000,000 parts/yr = 270,000 kgProd/yr 

Application 1937328:  Total annual kgProd = 2.4g/part/1000 * 150,000,000 parts/yr = 360,000 kgProd/yr 

Annual kgProd values for the base case were also used in the proposed case to provide an equivalent 

comparison.  

Baseline kWh was calculated as Baseline kWh/kgProd x total annual kg: 

Application 1937325:  Baseline kWh = 1.173 kWh/kgProd * 270,000 kgProd/yr = 316,800 kWh 

Application 1937328:  Baseline kWh = 0.978 kWh/kgProd * 360,000 kgProd/yr = 351,971 kWh 

Table 5 shows the key baseline parameter assumptions utilized in the tracking analysis.  Note that the larger 

unit with the higher mass part has a smaller kWh/kgProd than the smaller unit.  This is due directly to the 

average measured kWh/kgProd of the existing (baseline) hydraulic machines from past projects.  Data from 

these past projects show that kWh/kgProd decreases with increasing shot mass.  See Table 13 for 

characteristics of hydraulic machines used for the baseline calculations. 
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Table 5: Baseline Key Parameters 

 
BASELINE 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Number of IMMs 

and types 

1937325: (2) 250-ton hydraulic IMM’s 

1937328: (2) 390-ton hydraulic IMM’s 
TA   

Number of 

product types 
1 

TA site contact 

interview 
  

Machine energy 

per unit mass 

1937325:  1.173 kWh/kgProd 

1937328:  0.978 kWh/kgProd 

TA meter data from 

past projects 

Average of measurements of 

selected existing hydraulic 

equipment from other sites. 

Part mass (g) 
1937325:  1.8g 

1937328:  2.4g 

TA site contact 

interview 
 

Parts produced 

per year 
150 million per machine 

TA site contact 

interview 

This is assumed to include all 

material processed by the 

machine, including scrap 

Proposed Condition 

Four all-electric IMM’s were installed (two for each application): 

 Application 1937325:  Two Toshiba EC250SXV 250-ton all-electric IMM’s 

 Application 1937328:  Two Toshiba EC390SXV 390-ton all-electric IMM’s   

All machines were installed before the TA calculation was completed which allowed the TA vendor to meter 

the actual energy usage of the installed units.   

To estimate the annual energy usage for application 1937325, the total kW of one 250-ton machine was 

metered on 5/25/12 between 10:00 a.m. and 11:00 a.m. with a metering interval of one second and yielded 

a total of 11.4 kWh.  A total of 37.0 kgProd were processed during this time, yielding a kWh/kgProd of 11.4 / 

37.0 = 0.31 kWh/kgProd.  Figure 2 shows a sample of kW data for the metered IMM. 

Figure 2:  IM06 TA Meter Data Sample 
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Annual kWh was calculated using the annual kgProd as described for the baseline: 

Proposed kWh = 0.31 kWh/kgProd * 270,000 kgProd/yr = 82,953 kWh/yr 

To estimate the annual energy for application 1937328, the total kW of one 390-ton machine was metered 

on 6/8/12 between 10:48 a.m. and 12:04 p.m. with a metering interval of one second and yielded a total of 

12.7 kWh.  A total of 33.2 kgProd were processed during this time, yielding a kWh/kgProd of 12.7 / 33.2 = 

0.38 kWh/kgProd.  Figure 3 shows a sample of kW data for the metered IMM.   

Figure 3:  IM07 TA Meter Data Sample 

 
 

Annual kWh was calculated using the annual kgProd as described for the baseline: 

Proposed kWh = 0.38 kWh/kgProd * 360,000 kgProd/yr = 138,400 kWh/yr 

Note that both machines showed a drop in base kW from around 10 kW to zero.  This base load reduction 

occurs throughout the data.  The evaluators suspect that this may have to do with IMM heaters cycling 

on/off.  The site contact was asked about this during the evaluation and was not able to provide an 

explanation.  This same characteristic is not present in evaluation data. Table 6 shows the key proposed 

case parameter assumptions utilized in the tracking analysis. 

Table 6: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Number of IMMs 
and types 

1937325:(2) 250-ton all-electric IMM’s 

1937328:(2) 390-ton all-electric IMM’s 

Invoices, Minimum 
Requirements Documents 

  

Number of 
product types 

1 TA site contact interview   

Machine energy 
per unit mass 

1937325:  0.31 kWh/kgProd 

1937328:  0.38 kWh/kgProd 

TA meter data from past 
projects 
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Part mass (g) 
1937325:  1.8gProd 

1937328:  2.4gProd 
TA site contact interview  

Parts produced 
per year 

150 million per machine TA site contact interview 

This is assumed to 
include all material 
processed by the 
machine, including 
scrap 

Tracking Calculation Methodology 

The savings for these measures was due to a calculated reduction in kWh/kgProd between the baseline and 

proposed machines.  The TA assumed that the same part was being made by the baseline and proposed 

machines based on information provided by the site.  Energy savings was calculated simply as baseline IMM 

energy minus proposed IMM energy.  Specifically, 

Application 1937325:  Annual kWh Savings = (316,800 - 82,953) * 2 IMM’s = 467,694 kWh/yr 

Application 1937328:  Annual kWh Savings = (351,971 - 138,400) * 2 IMM’s = 427,142 kWh/yr 

The production space is air-conditioned 24/7 with a Carrier Multistack water-cooled chiller system (this 

system includes a chiller, cooling tower, and associated pumps and serves the entire plant, not just the IMM 

area).  The energy savings from each machine decreases cooling loads.    To account for this, the TA used a 

weather bin analysis with 5-degree temperature bins.  A linear cooling load profile was used with a nominal 

efficiency of 0.58 kW/ton and a cooling tower nominal efficiency of 0.05 kW/ton.  A part load profile for both 

the chiller and cooling tower were used to calculate cooling efficiency at each temperature bin (a source 

wasn’t given for these).  The chiller and cooling tower were assumed to operate in summer, with cooling 

tower only operation in the winter.  100% of IMM energy was assumed to enter the space as heat, and this 

energy was used to calculate the necessary chiller and cooling tower energy to cool the space.  The IMM kW 

is the same for each temperature bin, and was calculated as total kWh/yr divided by production hours per 

year.  Production hours per year were defined from the production schedule as 24/7 operation, minus 9 

holidays, which equates to 8,544 production hours per year.   The methodology and inputs all appeared to 

be reasonable. 

The TA calculated on peak savings (Summer and Winter kW On-Peak and % Energy Savings On-Peak) using 

the weather bin approach laid out in MALCIEC guidelines, with MALCIEC savings hours as defined in Table 7.  

For each weather bin the calculation adds kW cooling savings, which varies with outside temperature, to 

IMM kW savings, which is the same for all hours. 

Table 7:  MALCIEC Demand Savings Definitions 

Savings Quantity Savings Definition 

% of Energy Savings on Peak All Months:  6am-10pm M-F excluding nine holidays 

Summer On-Peak Demand (kW) June, July, August: 1pm-5pm  M-F excluding holidays 

Winter On-Peak Demand (kW) December, January: 5pm-7pm  M-F excluding holidays 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions that evaluate savings for the project. 

Measure Verification 
The project measures were verified to document installation and operation. Table 8 shows the measures 

were verified to be installed and operating.  

Table 8: Measure Verification 

Measure Name Verification Method Verification Result 

Application 1937325 (2) 250-ton 

Injection Molding Machines 
Metering / Production Data / Interviews 

Installed as proposed, one machine 

currently operating 

Application 1937328 (2) 390-ton 

Injection Molding Machines 
Metering / Production Data / Interviews 

Installed as proposed, one machine 

currently operating 

Data Collection 

This site was visited on Thursday, October 15, 2015. 

According to the site contact and from direct observation during the site visit, all four of the installed 

machines produce the exact same part. This is different from what was told to the TA, which was that two 

different parts would be made (one under each application). The site contact verified the IMMs produce the 

same part whenever they run, and have been producing the same part since their installation. 

During the visit, evaluators discussed with the engineering manager the motives for purchasing the new 

machines.  He stated that if no incentives were offered, cheaper hydraulic machines would have been 

purchased.     

In order to calculate savings for the projects, data was collected in the following three areas: 

 Production schedules 

 Energy used 

 Mass of product processed 

Table 9 summarizes the metering installed for this evaluation. 

Table 10 summarizes the data that was collected. 

Table 9: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment 

Brand and Model 

Metering 

Period 

Metering 

Interval 

Status 

IM06 and IM07 total power 

(kW) to capture usage while on 

site (2 installed machines) 

Dent Elite Pro 5 minutes 1 second Collected 

IM06 and IM07 total power 

(kW) (2 installed machines) 
Dent Elite Pro 4 weeks 1 minute Collected 
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Table 10: Evaluation Data Collection – Data Received 

Source Parameter Interval Duration 

Customer Cycle times for 250-ton machine and 390-ton machine 1 cycle Typical year round 

Customer 
Total mass of parts produced per mold (minus scrap) for 250-

ton machine and 390-ton machine 
1 cycle Typical year round 

Customer Total kgProd produced for each of the four installed machines Prior 10 months Prior 10 months 

Customer 
Total kgProd produced for each of the four installed machines 

during metering period 
6 weeks 6 weeks 

Customer 
Machine annual production schedule, including holidays and 

scheduled down times 
1 year N/A 

Customer / 

Observations 

HVAC Parameters: 

 HVAC annual operating hrs (8,760 hours/year) 

 HVAC cooling efficiency (use TA values) 

 

1 year N/A 

 

Production Schedules 

At the time of the site visit, a major production change was underway.  The plant had been operating shifts 

at 12 hrs/day, 7 days/week.  The plant was reducing operation days from 7 days to 5 days per week but 

increasing hours per day from 12 to 24 for a net increase in annual operating hours.  This change was 

scheduled to take effect on Monday, October 19th.   To mitigate potential issues with the changeover, the 

site had been running 5 machines (the 4 installed machines plus another machine) 12 hours per day, 7 days 

per week to build up excess inventory.   

At the time of the site visit the shift change to the new schedule was occurring and excess inventory was not 

needed, so they were running only 2 of the 4 installed machines (with option to run a third if needed) 5 days 

a week, 24 hours per day over the few months following the site visit until the excess was exhausted.     

Going forward, they plan to run the 4 machines covered in this application 5 days a week, 24 hours per day, 

plus an optional half day (12 hours) on Saturday if needed depending on production demands.  Table 11 

shows the past, current, and future production schedules. 

Note that there is still uncertainty about the number of machines running under the new schedule, as well as 

how often machines will be run on Saturday, although consistent operation on Saturdays was observed for 

the underproduction schedule in the month following the schedule change.  The site could not provide any 

more specific information, but did give a strong indication in emails to the evaluators that four machines 

would be running.    Given this information, for the evaluation we have assumed that 4 machines will 

operate 24 hours per day Monday through Friday, with a half day (12 hours) on Saturdays. 

The site also indicated that there is unscheduled downtime for each machine that averages 5% of total 

production time. 
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Table 11: Past, Current and Future Production Schedules 

Schedule Description Time Period Active #/IMMs Running Schedule 

Past Schedule at Normal Production 
January 2015 - Middle of 

2015 
4 12 hrs/day, 7 days/wk 

Past Schedule at Overproduction 
Middle of 2015– Oct 16, 

2015 
5 12 hrs/day, 7 days/wk 

Current Schedule at Underproduction 

Rates 

Oct 19, 2015 - Jan 

2016(depends on 

production demands) 

2-3 (depends on 

demand) 

24 hrs/day, 5 days/wk 

with half a day on 

Saturday if needed 

Expected Future Schedule at Normal 

Production Rate 

Jan 2016 (indefinite 

duration) 

3-4 (depends on 

demand) 

24 hrs/day, 5 days/wk 

with half a day on 

Saturday if needed 

 

Energy Use 

One of each sized installed machines (IM06 and IM07) were running during the site visit.  The other two 

machines were not running (due to the reduced schedule before implementation of the new production 

schedule).  The two running during the site visit were metered for energy usage in such a way as to capture 

total energy consumed by each machine, as was done by the TA.  This includes the press, heaters, screw 

motor, etc.   

The machines were metered at one second intervals for approximately 5-10 minutes to capture the cycle kW 

profile.  This captured around 35-40 cycles.  Meters were then left in for another 6 weeks (10/14/15 to 

11/30/15) at 1-minute intervals to capture typical machine operation.   

Figure 4 and Figure 5 show samples of short term (1 second interval) metered kW data for IM06 and IM07, 

respectively.  Note that for IM06, the cycle peak kW varies.  This variation occurs as a larger cycle, with 

peak kW varying between minimum and maximum approximately every 13 cycles as shown in Figure 6 for 

IM06.  The variation occurs to a much lesser extent for IM07 as well (Figure 7).  The overall energy use 

associated with both machines is captured in the analysis, which considers the total kWh used during the 

metering period (described in more detail below). 

Figure 4:  IM06 Evaluation Meter Data Sample 
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Figure 5:  IM07 Evaluation Meter Data Sample 

 

Figure 6:  IM06 Evaluation Meter Data over Total Short Term Metering Period 
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Figure 7:  IM07 Evaluation Meter Data over Total Short Term Metering Period 

 

 

Production 

The site provided kgProd of processed product for the ten months prior to the October 2015 shift change for 

each of the installed machines (Table 12).  During this time period production was a mix of the prior “normal” 

production and overproduction. The site couldn’t provide data further back because they had transitioned to 

a new inventory system in January 2015 and production data before that was not available for individual 

machines. The site also provided kgProd of product processed during the evaluation metering period 

(10/14/15 to 11/30/15).  Note that all production data was given in terms of finished parts (not including 

scrap).  The scrap rate is assumed to be the same for the baseline and installed cases and is therefore not 

considered in the analysis. 

Table 12: Mass of Material Processed (kgProd) 

Unit 

kgProd produced  

(mixed, old production 

rates from 1/2015 to 

10/2015)1 

kgProd produced 

during metering 

period (10/14/15 to 

11/30/15)2 

IM05 (250 ton) 85,446 4,608 

IM06 (250 ton) 113,450 10,486 

IM07 (390 ton) 68,099 23,616 

IM09 (390 ton) 150,978 4,680 

1  Includes both normal and overproduction.  Source:  Plant production data. 

2  Source:  Plant production data. 

During the site visit, site personnel weighed the actual parts produced in one mold, which represents the 

finished part weight (scrap not included) for each of the two running machines (see Table 13).  Both 

machines were running 64-cavity molds, which they plan to run for the foreseeable future.  The cycle time 
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was also observed for each machine.  The evaluators assumed the same characteristics for the two 

machines not running during the visit since these machines are producing the exact same parts. 

Table 13: IMM Total Part Mass per Mold & Cycle Time (observed during site visit) 

Unit 

Total Part 

Mass per Mold 

(shot size 

minus scrap) 

Cycle Time 

IM06 (250 ton) 80.7 g Prod 10.9 sec 

IM07 (390 ton) 93.7 g Prod 9.4 sec 

For the baseline, the TA approach of relying on data from past projects was used. A revised dataset of 

baseline machines (developed by the TA after the TA report had been published—see Table 14) was used in 

lieu of the dataset used by the TA in the original analysis (Table 4).  The baseline IMM selections were made 

to reflect the smaller shot masses for the evaluated condition (Table 13).  Evaluation baseline selections are 

shown highlighted in Table 14, which can be found in the Baseline kWh/kg subsection of the Evaluation 

Savings Analysis section below. The site made it clear that fully hydraulic machines would have been 

installed in the absence of the incentives they received. 

Savings due to reduction in HVAC energy was considered and is discussed further below.  Per the site, the 

space is conditioned year round (8,760 hours/year).  

Evaluation Savings Analysis 

The TA approach of using a kWh/kg Prod basis was also used to calculate evaluation savings.  The evaluation 

approach utilized a much longer metering period for the installed machines for which power and production 

was measured. 

Project Baseline 

Since there is no applicable building code and there was no standard practice research for this measure in 

Massachusetts, the machine type that the customer would have chosen without incentives applies for 

selecting the baseline IMM.  The evaluator agrees with the baseline technology chosen by the TA of a 

hydraulic IMM.  This is consistent with the site evaluation baseline survey results and discussions with the 

site as described above (hydraulic machines would have been purchased if no incentives were offered). 

Since no code minimum exists for IM machines, and no existing hydraulic machines were present to meter, 

the metering of hydraulic machines from past projects used by the TA was deemed the best approach for 

calculating baseline energy for this project.  Metered data from the TA analysis was available for 10 baseline 

hydraulic machines found at different sites.  This data differs from the dataset used by the TA in their 

original analysis due to the following improvements to the dataset made by the TA: 

1. In the original dataset, kWh/kg was calculated using long term metering with long term production 

data for some machines, and short term metering with shot size for other machines, with no 

distinction of which method was used for which machine.  For the new dataset, the calculation 

method was defined for each machine.   

2. Older machines were deemed unrepresentative of a standard baseline and were removed from the 

dataset. 
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3. Tonnage in the old dataset was the tonnage for the proposed machines, regardless of the actual 

baseline machine tonnage.  The new dataset lists the actual baseline machine tonnages.  

Baseline kWh/kgProd 

The evaluators noted that no valid correlations existed for long term machine data in the revised dataset, 

but strong correlations existed for short term machine data.  For this reason, only short term machine data 

was used to develop baseline values.  kWh/kgprod for these machines was calculated by the TA as average 

kW over the short term metering period (typically 15 minutes) * cycle time / part weight in grams of 

finished parts). TA data shows the smaller clamping force tonnage machines using more energy per kg than 

the larger machines.  Evaluators investigated this and found that in general, kWh/kg is lower for both higher 

shot masses and higher tonnage (see correlations in Figure 8 and Figure 9). No correlation was found 

between kWh/kg Prod and machine cycle time.  The correlation between kWh/kg Prod and shot mass (g Prod) 

was found to be better than that for kWh/kg Prod and tonnage.  Similar to the TA analysis, the evaluators 

selected machines from the baseline list by attempting to match to the installed models in terms of shot 

mass, with tonnage a secondary consideration.  The list of potential baseline machines is shown in Table 14 

along with selections made by the evaluators.  Average shot sizes and tonnages resulting from the 

respective selections are shown in Table 15. 

Figure 8:  Baseline IMM Shot Size to kWh/kgprod 

 

 

  

http://www.dnvgl.com/


 

Page 15 of 22 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 
 

 

Figure 9:  Baseline IMM Tonnage to kWh/kg prod  

 

 

Table 14: Baseline IMM Information (from past TA studies ) 

Model Tons 
kWh/kg 

Prod 

Shot Size (g 

Prod) Cavities/Mold 
Cycle Time 

(sec) 

250 
Ton 

Select
ions 

390 
Ton 

Select
ions 

Installed units 250  80.7     

Installed units 350  93.7     

Milacron VST 85-
4.44 

85 2.69 7.25 7 
10.66 

    
Husky 165 165 3.52 27.10 23 --- x x 

Milacron VT 165-
13 

165 1.36 72.45 16 
16.95 

x x 

Husky H160 160 2.90 28.80 24 31.85 x x 

Milacron VT220-20 220 1.40 130.40 28 17.2 x   
Milacron 220 220 0.91 228.89 16 35     
Sandretto 425 425 1.08 170.00 24 ---   x 

Maxima 450 450 1.05 161.00 32 20.9 x x 

Fellows 650 650 1.42 222.00 43 37.9     
Sandretto 820 820 1.23 200.00 16 ---     
 

 

 

Table 15:  Evaluation Baseline IMM Selection Results (values shown in gProd) 
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Table 16: Baseline IMM kWh/kgProd 

Unit 
TA Baseline 

kWh/kgProd
 

Evaluation Baseline 

kWh/kgProd 

250 ton 1.17 2.05 

390 ton 0.98 1.98 

 

Installed kWh/kgProd 

Installed kWh/kgProd was calculated as in the TA analysis, but using the six weeks of evaluation meter data 

(kWh/kgProd = total kWh during metered period / total part kg processed during meter period).  Total part kg 

(minus scrap) processed during metering period was provided by the site for each machine, as explained 

above.  

Application 1937325:  kWh/kgProd = 4,544 kWh / 10,486 kgProd = 0.433 kWh/kgProd 

Application 1937328:  kWh/kgProd = 5,655 kWh / 23,616 kgProd = 0.239 kWh/kgProd 

As a check of results, short term spot metered data was used together with total kg processed over the 

short term, which was calculated as shot mass per cycle (already provided by site) x number of cycles in 

metering period (as observed from meter data).  Note that this was used to check results from long term 

meter data only, not to calculate savings. 

Application 1937325:  kWh/kgProd = 1.220 kWh / 2.872 kgProd = 0.425 kWh/kgProd 

Application 1937328:  kWh/kgProd = 0.885 kWh / 3.648 kgProd = 0.243 kWh/kgProd 

The checks indicate similar operation between the long term meter period and the short term meter period. 

Annual Production Estimate 

The ten months of historical production data provided by the site could not be used to calculate future 

production due to the production change that took effect at the time of the site visit.  Instead, future 

production was estimated using the site’s future production schedule (this schedule to be the new normal 

schedule active January 2016) together with a calculated kg per machine hour for each application. 

The new production schedule is shown above in Table 11 (“Future Schedule at Normal Production Rate”).  

Note that there is still uncertainty about the number of machines running under the new schedule, as well as 

how often machines will be run on Saturday, although consistent operation on Saturdays was observed for 

the underproduction schedule in the month following the schedule change.  The site could not provide any 

more specific information, but did give a strong indication in emails to the evaluators that four machines 

would be running.  The uncertainty makes it difficult to accurately estimate what the production schedule 

will be going forward.  Given the available information, for the evaluation we have assumed that 4 machines 

Installed Unit:

Average values 

from dataset: % Difference

250 Tons 232 Tons -7%

80.68 Shot (g) 83.95 Shot (g) 4%

390 Tons 273 Tons -30%

93.7 Shot (g) 91.87 Shot (g) -2%
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will operate 24 hours per day Monday through Friday, with a half day (12 hours) on Saturdays.  Long term 

meter data shows half day operation on Saturday, so 5.5 days per week was used.  The site indicated that 

unscheduled downtime occurs on average 5% of the time, so a 95% utilization factor was applied to account 

for this.  Using this schedule to modify the original weather bins, and accounting for 11 federal holidays 

(11/7 = 1.57 weeks), the total hours in production per year for each machine was found to be 6,128 hrs/yr. 

To calculate mass of parts produced per hour, evaluators used the total mass of parts produced for each 

logged machine over the metering period (Table 12) and divided it by the time elapsed during the metering 

period (minus machine downtime) to get mass produced per production hour: 

Application 1937325 (250-ton): kgProd /hr =  10,486 kgProd / 414 production hrs = 25.2 kgProd /hr 

Application 1937328 (390-ton): kgProd /hr =  23,616 kgProd / 632 production hrs = 37.4 kgProd /hr 

As a check of mass of parts produced per hour, evaluators used the cycle times and part mass produced per 

cycle from data obtained on site, as described above (see Table 13): 

Application 1937325 (250-ton): kgProd /hr = (80.7 g /1000 g/kg) / (10.9 sec / 3600 sec/hr) = 26.6 kgProd /hr 

Application 1937328 (390-ton): kgProd /hr =  (93.7 g /1000 g/kg) / (9.4 sec / 3600 sec/hr) = 35.9 kgProd /hr 

For both machines, the checked values are within 5% of the values calculated using actual production data, 

indicating reasonable results. 

Total mass of product per year is kg/hr * production hours per year: 

Application 1937325: kgProd /yr = 25.2 kgProd /hr * 6,128 hrs/yr = 154,137 kgProd /yr 

Application 1937328: kgProd/yr = 37.4 kgProd/hr * 6,128 hrs/yr = 194,190 kgProd/yr 

Note that annual kgProd produced for both baseline and installed machine are considered the same in order to 

provide a direct comparison. 

Savings Estimate 

There are two components to kWh savings:  IM machine savings and secondary HVAC energy savings.  

Savings components are calculated separately, then summed to get total savings as follows: 

1. IM machine kWh savings is calculated as: 

Application 1937325:  kWh/yr Savings = (2.045 - 0.433 kWh/kgProd) * 154,137 kgProd/yr * 2 machines =  

496,965 kWh/yr 

Application 1937328:  kWh/yr Savings = (1.983 - 0.239 kWh/kgProd) * 194,190 kgProd/yr * 2 machines =  

677,128 kWh/yr 

The IMM kW for the baseline and proposed was calculated as total kWh/yr divided by production hours per 

year.   

2. HVAC savings: 

Additional savings result from the reduction in facility cooling load due to lower power equipment. The 

evaluation calculated these interactive savings using simple one line calculations and assumptions.  This is 

identical to the TA approach (a simple calculation for each temperature bin).  For the base case, it was 
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assumed that 70% of the machine heat is cooling load.  In the installed case, it was assumed that 90% of 

the machine heat is cooling load.  These assumptions have been discussed and agreed to during previous 

process evaluation studies.  They are assumed to be sufficient for this study since the space conditioning 

savings typically account for 5% of a project’s total annual energy savings.  The key HVAC inputs for this 

calculation were the annual operating hours of the HVAC equipment (based on the evaluation production 

schedule), the average heat rejection efficiency (from the TA’s estimate), and the IMM power in each case 

(from evaluation calculations).  The evaluation did not complete an 8,760 analysis to account for changes in 

efficiency due to ambient conditions. While these changes occur, they will have close to no impact on the 

achieved realization rate for each sampled machines. HVAC savings were found to be as follows: 

Application 1937325:  HVAC kWh/yr Savings = 11,297 kWh/yr * 2 machines = 22,594 kWh/yr 

Application 1937328:  HVAC kWh/yr Savings = 15,854 kWh/yr * 2 machines = 31,709 kWh/yr 

3. Total kWh savings is calculated as IM machine savings + secondary HVAC savings: 

Application 1937325:  Total kWh/yr Savings = 496,965 kWh/yr + 22,594 kWh/yr = 519,559 kWh/yr 

Application 1937328:  Total kWh/yr Savings = 677,128 kWh/yr + 31,709 kWh/yr = 708,837 kWh/yr 

4. Seasonal peak kW savings were calculated as the sum of the total kWh savings (as defined in Item 3) 

realized during the defined respective summer and winter peak hours (as shown in Table 7) for the 

machines in the respective applications, divided by the number of peak hours defined for those seasons : 

Application 1937325: Summer Peak kW Savings = 11,438 kWh/260 hours = 43.99 kW 

 Winter Peak kW Savings = 3,481 kWh/84 hours = 41.44 kW 

Application 1937328:  Summer Peak kW Savings = 15,628 kWh/260 hours = 60.11 kW 

 Winter Peak kW Savings = 4,744 kWh/84 hours = 56.47 kW 

These values are per IMM and were each doubled to arrive at the final total seasonal peak kW savings 

values.  

Note that IMM kW savings is the same for each weather bin, but the kW cooling savings varies based on 

outside air temperature.  Cooling hours for each bin were revised from TA values and calculated using 

the estimated evaluation production schedule.  Further details of the cooling calculation can be found 

above in the Tracking Estimate section. 

5. Percent of energy savings on-peak for the applications were calculated as the sum of the total kWh 

savings realized during the defined annual on-peak hours (as shown in Table 7) for the machines in the 

respective applications, divided by the respective total annual kWh savings as defined in Item 3: 

Application 1937325: % of Energy Savings On-Peak = 171,401 kWh/259,779 hours = 0.63 

Application 1937328:  % of Energy Savings On-Peak = 233,877 kWh/354,418 hours = 0.66 

A screenshot of the bin analysis can be seen in the Appendix (Figure 10). 
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EVALUATION RESULTS  

Results of the evaluation can be seen in Table 17 and Table 18. 

Table 17: Application 1937325 Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 487,584 519,559 107% 

% of Energy Savings on Peak 47% 66% 140% 

Summer On-Peak Demand (kW) 59.1 88.0 149% 

Winter On-Peak Demand (kW) 55.9 82.9 148% 

Table 18: Application 1937328 Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 443,370 708,837 160% 

% of Energy Savings on Peak 47% 66% 140% 

Summer On-Peak Demand (kW) 53.4 120.2 225% 

Winter On-Peak Demand (kW) 51.0 112.9 221% 

Comparison of Assumptions 

Table 19 compares the values of key parameters between the tracking and evaluation analyses.  Baseline 

cycle time and shot mass were not evaluated because the baseline input is an average of kWh/kgProd values 

only.  Note that cycle time increased for the 250-ton machines but decreased for the 390-ton machines.  

Shot mass decreased for both. 

Table 19: Comparison of Key Parameters 

   BASELINE INSTALLED 

Application Number Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 

Tracking 

Value(s) 

Evaluation 

Value(s) 

1937325 (250 Ton) 

Cycle Time (sec) N/A N/A 8.95 10.90 

Shot Mass (gProd) N/A N/A 115.2 80.7 

kWh/kgProd 1.17 2.05 0.31 0.43 

Annual Production 

(kgProd) 
270,000 154,137 270,000 154,137 

 Annual Production Hours 8,544 6,128 8,544 6,128 

1937328 (390 Ton) 

Cycle Time (sec) N/A N/A 11.95 9.40 

Shot Mass (gProd) N/A N/A 153.6 93.7 

kWh/kgProd 0.98 1.98 0.38 0.24 

Annual Production 

(kgProd) 
360,000 194,190 360,000 194,190 

 Annual Production Hours 8,544 6,128 8,544 6,128 
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Discrepancy Analysis 

As shown in Table 19, each parameter changed as a result of the evaluation. Table 20 summarizes the key 

drivers of the discrepancies between the tracking and evaluation savings estimates.   

The reduction in installed case estimated production rates over TA estimates (although still higher than 

actual production rates found to be in operation during the previous months before the shift change was 

complete) reduced savings, but differences between baseline and installed kWh/kgProd increased for both 

applications, which increased savings.  This was also true for kW savings.  The number of peak demand and 

percent on-peak kWh hours in which savings were realized during on-peak periods also increased over the 

TA estimate, as a direct result of increased kWh savings, most of which occurs during peak hours as defined 

in Table 7(above). 

Note that installed kWh/kgProd increased from the TA proposed value for the 250-ton machine, but decreased 

for the 390-ton machine.  It is not clear why this occurred given that shot mass decreased significantly from 

the TA value in both cases.  One possible reason is that the cycle time increased for the 250-ton machine, 

but decreased for the 390-ton machine.  

Table 20: Discrepancy Summary 

Parameter(s)  
Tracking Evaluated  

Discrepancy 
Impact on 

Results 

Reason for Discrepancy 

250-Ton IMM 

Baseline 

kWh/kgProd 

1.17 2.05 

Evaluation value 

is higher than 

TA 

Increased 

savings 

Evaluation selected different 

baseline machines for analysis, 

and evaluation used a revised 

dataset containing different 

values than the TA used. 

390-Ton IMM 

Baseline 

kWh/kgProd 

0.98 1.98 

Evaluation value 

is higher than 

TA 

Increased 

savings 

Evaluation selected different 

baseline machines for analysis, 

and evaluation used a revised 

dataset containing different 

values than the TA used. 

250 Ton IMM 

Installed 

kWh/kgProd 

0.31 0.43 

Evaluation value 

is higher than 

TA 

Decreased 

savings 

Difference in metered values 

between TA and evaluation. 

390 Ton IMM 

Installed 

kWh/kgProd 

0.38 0.24 
Evaluation value 

is lower than TA 

Increased 

savings 

Difference in metered values 

between TA and evaluation. 

250 Ton IMM 

Annual 

Production 

(kgProd) 

270,000 154,137 
Evaluation value 

is lower than TA 

Decreased 

savings 

Change in production schedule 

(production rates reduced from 

TA estimates) 

390 Ton IMM 

Annual 

Production 

(kgProd) 

360,000 194,190 
Evaluation value 

is lower than TA 

Decreased 

savings 

Change in production schedule 

(production rates reduced from 

TA estimates) 

Improvement Opportunities 

None of the differences between the TA and evaluation findings could have been foreseen by the TA so there 

is little that could have been done to improve the TA savings estimate. 
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APPENDIX  

Figure 10:  Evaluation Calculation Spreadsheet Snapshots (divided horizontally into parts for 

page fit) 
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PROJECT DESCRIPTION 

This retrofit project installed a 100 horsepower [HP] variable frequency drive [VFD] compressor and a 96 

kilo-Watt [kW] electric resistance heater in a printing press. The 67,000 ft2 printing facility uses compressed 

air to blow warm air to the drying stations of the press to dry ink. The air is heated further by the electric 

resistance heaters in the ductwork of the press. The project replaced a less efficient 150 HP compressor and 

136 kW resistance heaters which previously performed the same function.  

Electric savings was estimated by the program as the difference between the pre-retrofit baseline and 

installed printing press compressor and electric resistance heater demand. The tracking analysis assumed 

the new equipment would operate the same as the baseline equipment, 8,616 hours annually. The measure 

was expected to provide energy savings by reduced compressor power and electric heat demand compared 

to the baseline. 

After a commissioning study was performed at the site on the installed equipment,  the tracking estimate of 

savings was adjusted upward. The tracked energy savings are equivalent to 16% of the facility’s total 

electricity consumption in 2012.   

Evaluators monitored installed compressor and electric heat demand then estimated evaluated savings. A 

secondary pre/post billing analysis was also completed using the utility meter data. Table 1 shows the final 

evaluation results.  The primary savings variance drivers are observed higher installed equipment demand 

during the monitoring periods and lower estimates of baseline equipment demand.  This report provides 

details of the assumptions and methods used to produce the tracking and evaluated savings, plus a 

comparison of the key assumptions used in each analysis. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 988,230 602,378 61% 

% of Energy Savings on Peak 47% 46.0% 98% 

Summer On-Peak Demand (kW) 114.7 68.0 59% 

Winter On-Peak Demand (kW) 114.7 66.4 58% 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the tracking savings claimed 

for the project. No TA study was provided for this applications, so all information presented is based on 

review of spreadsheets. The TA files originally described the project: 

There is an existing 150 hp high-volume low-pressure compressor which blows warm air to the 

drying stations on a printing press to dry the ink.  This air is further heated by 136 kw of electric 

resistance heat located in the ductwork on the press.  A new, more efficient, 75 hp compressor is 

being proposed to replace the existing compressor.  This compressor produces hotter air and 

therefore less electric resistance heat (76 kW) is required to provide the same drying capability. 

Pre-existing baseline condition 

The pre-existing condition was a 150 HP single speed compressor that ran continuously. The 150 HP high-

volume low-pressure air compressor was used to blow warm air to the printing press drying stations to dry 

ink. The air was further heated by a 136 kW rated electric resistance heater located in the ductwork on the 

press. The TA documentation did not provide the pre-existing compressor make and model.  The tracking 

analysis used its own metering of the pre-retrofit compressor and electric heater operation  to determine an 

average baseline compressor power at 87.1 kW, and average baseline electric resistance power at 50.1 kW. 

The tracking analysis assumed that pre-existing operation did not vary by day of week and the compressor 

and heaters operated 8,616 hours annually.  Table 2 shows the key pre-existing parameters utilized in the 

tracking analysis. Evaluators have assumed the monitored data was collected in 1-second intervals based on 

the type of equipment used. Based on the data, it appears that one load was monitored at a time. 

Table 2: Pre-existing Key Parameters 

  BASELINE 

Parameter Value(s) 
Source of Parameter 

Value 
Note 

Annual Operating Hours 8,616 Site interview  

Average Compressor Demand (kW) 87.1 Monitored by site 

Interval & duration is not 

provided, evaluator assumed it to 

be 1 second & 15-minutes 

Average Electric Heat – Segment 1 (kW) 36.7 Monitored by site 

Interval & duration is not 

provided, evaluator assumed it to 

be 1 second & 1.25-minutes 

Average Electric Heat – Segment 2 (kW) 13.4 Monitored by site 

Interval & duration is not 

provided, evaluator assumed it to 

be 1 second & 3.28-minutes 

Average Electric Heat – Total (kW) 50.1 Sum of Segments 1 +2  

 

Proposed condition 

Twelve-days of post-installation monitoring occurred as part of project commissioning and the final proposed 

case assumptions were developed from the data. Tracking savings assumed that the upgraded measure 

operated the same as the pre-retrofit under normal operating conditions, 8,616 annual hours. The projet 

installed a 100 HP compressor instead of the originally expected 75 HP compressor. The 100 HP was 

http://www.dnvgl.com/


 

Page 3 of 20 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 

 

 

therefore known to be oversized. Project documentation included a letter explaining the installation of a 

larger compressor. The installed machine was equipped with a VFD so it can run at lower speeds and still 

generate sufficient heat to dry the ink. The installed electric resistance heater is located through the duct 

work of the press and is rated at a total of 96 kW. The resistance heater has two segments, each rated at 48 

kW. The original design called for at least 76 kW of resistance heat and this was achieved by installing two 

48 kW heaters. The average installed compressor demand was 18.15 kW and average heater demand was 

4.35 kW over the 12-days of post-installation monitoring. The heater power modulates based upon the type 

of product the press is printing onto. Table 3 shows the original and final key proposed case parameter 

utilized in the tracking analysis. The original values were estimated by the TA based on assumptions only. 

Table 3: Proposed Key Parameters 

  Original PROPOSED 

Parameter Estimates Final Value(s) 
Source of Parameter 

Value 
Note 

Annual Operating Hours 8,616 8,616 Site interview Same as baseline 

Average Compressor kW 65.8 18.15  Monitored 12-days 

Average Electric Heat kW 19.0 4.35  Monitored 12-days 

 

Commissioning 

The 12-days of post-installation monitoring occurred as part of project commissioning and resulted in the 

final proposed case parmeters shown above in Table 3. The post-installation measured operating power for 

both the compressor and electric heater were substantionally lower than the original calculated engineering 

estimates and project savings were increased as a result.  Overall, the commissioning activities increased 

the energy savings estimate by 119%. Table 4 shows the savings reported in two applications for this 

project. The total tracked savings shown in the last column is used by the evaluation. 

Table 4: Commissioning Based Adjustment 

Savings Quantity 
Original 
Savings 
Estimate 

Original Tracked 
Savings  

(80% of Estimate) 

Post-Cx 
Final 

Savings 
Estimate 

Cx Based 
Adjustment 

Total 
Tracked 
Savings 

Program Year   2012   2013 2012 + 2013 

Electric energy (kWh) 451,264 361,011 988,230 627,219 988,230 

Summer On-Peak Demand (kW) 52.4 41.9 114.7 72.8 114.7 

Winter On-Peak Demand (kW) 52.4 41.9 114.7 72.8 114.7 
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Tracking Calculation Methodology 

Tracking savings were calculated using an Excel spreadsheet analysis. Savings were generated by a 

reduction in compressor and electric heater electric demand.  

Annual hours of operation for the pre-existing and installed conditions were calculated based upon three  8-

hour shifts working seven days a week, and six holidays, as follows: 

𝐻𝑜𝑢𝑟𝑠 = [365 − 6] 𝑥 8 𝑥 3 = 8,616  

Where; 

𝐻𝑜𝑢𝑟𝑠 = Annual compressor and electric heat operating hours 

365 = Number of days in a year 

6 = Number of holidays per year  

8 = Number of hours in a shift 

3 = Number of shifts in a day 

The tracking analysis used its own monitored kW for the compressor and electric resistance heaters to 

estimate energy usage for both pre-existing and installed conditions. The monitored data was used to 

develop an average monitored compressor and electric heater demand for the pre-existing and installed 

conditions.  

Their energy usage was calculated as follows: 

𝑇𝑜𝑡𝑎𝑙 𝑘𝑊ℎ =   𝐻𝑜𝑢𝑟𝑠 𝑥 (𝑘𝑊𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟 +  𝑘𝑊𝐻𝑒𝑎𝑡𝑒𝑟) 

Where; 

𝑇𝑜𝑡𝑎𝑙 𝑘𝑊ℎ = Compressor and electric resistance heater energy usage 

𝐻𝑜𝑢𝑟𝑠 = Annual compressor and electric heater operating hours 

𝑘𝑊𝐶𝑜𝑚𝑝𝑟𝑒𝑠𝑠𝑜𝑟  = Measured average compressor demand 

𝑘𝑊𝐻𝑒𝑎𝑡𝑒𝑟 = Measured average electric resistance heater demand 

The difference in total kWh between the pre-existing and installed conditions was the total energy savings: 

𝑘𝑊ℎ𝑆𝑎𝑣𝑒𝑑 = 𝑘𝑊ℎ𝑃𝑟𝑒 − 𝑘𝑊ℎ𝑃𝑜𝑠𝑡 

Where; 

𝑘𝑊ℎ𝑆𝑎𝑣𝑒𝑑 = Total energy savings = 988,230 kWh 

𝑘𝑊ℎ𝑃𝑟𝑒 = Pre-existing condition energy usage = 1,182,104 kWh 

𝑘𝑊ℎ𝑃𝑜𝑠𝑡 = Installed condition energy usage = 193,873 kWh 

Peak demand reduction was calculated as the average demand reduction across all operating hours.  

Savings were assumed to be the same during the summer and winter on-peak periods. However, the 

tracked values show variation between the summer and winter demand savings.  The reason for the 

variation is unknown. 

𝑂𝑛 − 𝑃𝑒𝑎𝑘 𝐷𝑒𝑚𝑎𝑛𝑑 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 (𝑘𝑊) =  
𝑘𝑊ℎ𝑆𝑎𝑣𝑒𝑑

 𝐻𝑜𝑢𝑟𝑠
 

Where; 
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𝑘𝑊ℎ𝑆𝑎𝑣𝑒𝑑 = Total energy savings 

𝐻𝑜𝑢𝑟𝑠 = Annual compressor and electric heat operating hours 

Evaluator Assessment of Tracking Savings 

The tracking analysis pre-metered both the compressor and electric heaters to determine the pre-existing 

demand. It is not documented how long each were monitored but the evaluator assumes the interval was 

one second based on the equipment stated to have been used. In general, the evaluation agrees that pre-

metering was necessary in this case. However, a longer metering duration and simultaneous metering of the 

pre-existing equipment would have reduced some of the uncertainty in the savings analysis. The charts 

presented in this section were created by the evaluation from the data shown in the TA files. 

The pre-existing compressor type was a load/no load compressor and based upon the installed compressor 

performance, evaluators do not agree with the compressr pre-metering done by the site. According to the 

tracking analysis the pre-metering was done under normal operating conditions during normal hours. Figure 

1 shows the pre-metered compressor data. The figure clearly shows variation in demand over the metering 

period and the evaluation believes that use of the average demand over this period resulted in an incorrect 

estimate of energy savings. 

Figure 1: TA, pre-existing compressor demand 

 

 

Figure 2 shows the pre-metering data collected on each pre-existing heater segment. The evaluation does 

not believe these were collected simultaneously and has only charted them together for simplicity. The 

evaluation also believes the metering interval was seconds, but our conclusion does not change if the 

interval was greater. The evaluation disagrees with the TA’s use of the average of each line shown to 

estimate average annual pre-existing heater demand. The Segment 1 heater shows significant variation over 

the metering period and no explaination was provided as to why it was appropriate to assume that the 

pattern observed accurately represented average normal demand. Given the likely metering period of 

roughly only one minute, use of this Segment 1 data is questionable. 
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Figure 2: TA, pre-existing heater demand 

 

 

Figure 3 shows the 12 days of post-installation metering collected by the TA during commissioning. In this 

case, the data was collected simultaneously. The figure clearly shows significant variability in the electric 

heat demand and significant periods of low compressor demand. The TA only adjusted the proposed case 

average demand values based on this metering. In the future, the program should consider if the post-

installation metering data suggests any change to the baseline operating assumptions and project files 

should document the decision made, even if there is no change to the baseline. 

Figure 3: TA, post-installation Cx meteing 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the evaluation  savings for the 

project.  

Measure Verification 

The project measure was verified to document its installation and operation. Table 5 shows the evaluation 

verification:   

Table 5: Measure Verification 

Measure Name Verification Method Verification Result 

Air Compressor Dent Elite-pro logger Verified on-site and operating 

Electric Resistance Heater(s) Dent Elite-pro logger Verified on-site and operating 

 

Data Collection 

The evaluator monitored the installed compressor and electric heater of the production line press using three 

Dent Elite power loggers. The evaluator decided to monitor the compressor and each heater separately, as 

the tracking states that one heater runs at lower demand than the other during the printing process. The 

loggers collected data on the compressor and heaters for six weeks in five minute intervals. Table 6 shows 

the data that was collected as part of this evaluation. Additionally, the evaluation received 5 years of 15-

minute interval data for the facility. 

Table 6: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment 

Brand and Model 

Metering Start/Stop 

Dates 

Metering  

Interval 

Compressor Electric power and energy 

use (kW and kWh) 
Dent ELITEpro Logger Oct. 23, 2015/Dec. 4, 2015 5 mins 

Compressor - Hours of operation Dent ELITEpro Logger 
Oct. 23, 2015/ Dec. 4, 

2015 
5 mins 

Resistance Heater Electric Power and 

Energy use (kW and kWh) 
Dent ELITEpro Logger 

Oct. 23, 2015/ Dec. 4, 

2015 
5 mins 

Resistance Heater - Hours of Operation Dent ELITEpro Logger 
Oct. 23, 2015/ Dec. 4, 

2015 
5 mins 

Table 7: Evaluation Data Collection – Data Received 

Parameter Source Duration Interval 

Facility Consuption (kWh) National Grid 5 years 15-minutes 

 

Figure 4 and Figure 5 show the monitoring data collected and Table 8 summarizes the data collected. The 

charts show the hourly average demand from the 5-minute interval data. The charts both show significant 

variation in equipment demand throughout the monitoring period. Note that the heater demand chart is a 

stacked chart, so the top of the blue bar is the total heater demand. Both charts show higher average 

demand during the metering period than the post-installation Cx based charts shown above. 
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Figure 4: Evaluation, average compressor demand, hourly intervals 

 

Figure 5: Evaluation, stacked bar chart of heater demand, hourly intervals 

 

Table 8: Evaluation, metering summary 

Parameter 
Air 

Compressor 
Heater 1 Heater 2 Notes 

Operating Threshold (kW) 0.1 0.1 0.1  

Total Operating Energy (kWh) 26,125 5,473 2,107   

Avg Operating Demand (kW) 28.28 9.41 3.65  Excludes off intervals 

Max Demand (kW) 57.61 27.32 22.31  At 5-minute interval 

Metering Duration (hours) 1,002 1,000 1,000   

Operating Hours [kW>0.1] (hours) 924 582 577   

Load Factor 49.1% 34.4% 16.4% Avg. Demand /Max Demand 
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On-site Interview 

The evaluator learned the following by interviewing the site contact about facility operation during the site 

visit.  

 The facility operates 24 hours a day, seven days a week. It was stated that six holidays are 

observed: New years day, Memorial day, Independence day, Thanksgiving, Christmas and New 

Years Eve. 

 The existing compressor and heater were operated as a heating control loop with the compressor 

operating at full speed 100% of the time. The old compressor required 17 heaters in the loop where 

as the new compressor only uses two. One for the tunnel, and one for the central impression decks. 

The new heater modulates for capacity depending on the type of product the ink is being applied to. 

Process requirements have not changed between the pre-existing and installed system. There are no 

humidity requirements at the site as there isn’t a specific dew point the air in the facility is kept at.  

 The drying system on printing presses requires hot air moving across the paper. The air can be 

heated either by gas or electric, or by the compressor itself. The methodology used depends on the 

vendor and machine design. On this press, it is not possible to operate a heater with just a blower 

fan.  

 Billing consumption as well as interval data was discussed with on-site personnel to determine why 

facility energy consumption peaks in the summer, and is overall higher over the past two years. 

According to the site, production has increased over time in the whole facility as well as the 

evaluated printing press.  Summer production spikes are negligible. Any electric peak in the summer 

is most likely due to air conditioning usage.   

 There have been no production line expansions or any additional equipment purchased in the past 

two years. An LED lighting retrofit did occur at the facility since the project was completed. 

 Production volume has increased since the project installation. Production is not expected to 

significantly change in the future. 

Baseline Review 

Facility personnel reported that the pre-existing compressor and electric heater were extremely inefficient. 

However, the equipment was not at the end of its useful life and the site could have continued to operate 

the previous equipment as a vialble alternative to buying new equipment. Based on the interview of facility 

personnel, the evaluation agrees with the retrofit project classification and use of the pre-existing equipment 

as the baseline for this project. 

Evaluation Savings Analysis 

This section documents the analysis completed by the evaluation to estimate evaluated energy and demand 

savings. The basic structure of the analysis was to: 

1. Estimate annual hours of operation. 

2. Use DNV GL’s compressed air tool to calculate compressor savings for every 5-minute monitoring 

interval.  

3. Estimate heater savings for every 5-minute monitoring interval.  
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4. Developed hour of day / day of week profiles for compressor and heater savings.  

5. Apply savings profiles to an 8,760 spreadsheet to estimate annual savings.  

Hours of Operation 

To confirm regular 24x7 operation and annual hours of operation, the evaluation reviewed four years of 

facility interval data. The data supports the assumption of 24x7 operation. However, interval data clearly 

shows the observance of 8 holidays every year plus one floating holiday. Hourly energy savings are 

therefore applied to (365 – 9) * 24 = 8,544 hours per year. The assumed holidays are: New Year’s Day, 

Memorial Day, Independiece Day, Floating Holiday - July 20th, Labor Day, Thanksgiving – Thursday, 

Thanksgiving – Friday, Christmas Eve, Christmas Day. 

Air Compressor Savings 

For this analysis it is assumed that the compressed air load in CFM is the same between the base and the 

installed case, even though the compressors were different sizes, the heaters were of different sizes and the 

temperature of the air coming from the compressor was also noted as different between the baseline and 

installed cases.   This assumption is debatable, but with the data available it was the most reasonable one 

and does take into account the changes in production claimed by the site. 

 The evaluation used the compressor air calculation tool developed for Project 30 (Impact Evaluation of 

Prescriptive Chiller and Compressed Air Installations, 10/26/15) to estimate compressed air savings. The 

tool relies on the CAGI data for the installed compressor. However, this information was not available for 

this site so the evaluation relies on evaluator estimates. In this tool, the air flow rate (CFM) is first estimated 

from the monitored kW data. In the second step, the baseline equipment power is estimated from the CFM 

and assumed baseline system curve. Table 9 provides the key inputs into the analysis. 

Table 9: Evaluation, compressed air analysis, key inputs 

Parameter Value Notes 

Rated capacity at full load operating 
pressure (acfm) 

1,040  

Full load operating pressure (psig) 20  

Actual system discharge pressure (psig) 20  

Total system BHP 93.0   

Assumed Motor Efficiency & Drive 
Burden 

85%  Matches value shown in TA study. 

Calculated Max demand (kW) 81.6   

Installed Compressor Type VSD w/Stopping   

Baseline Compressor Type Load/No Load 
Performance modeled as linear between the two  
points below due to unusual compressor type. 

Baseline capacity (cfm) 2,545  

Baseline Demand, 100% CFM (kW) 139.3 
Based on TA Pre-metering (Figure 1). Second highest 
value in data after large spike. 

Baseline Demand, 0% CFM (kW) 74.6 
Based on TA Pre-metering (Figure 1). Assumed un-
loaded demand. 

 

Both the baseline and installed compressors are modelled with near linear performance curves. The key 

differences between the two cases are the maximum and minimum power values. Table 10 summarizes the 

compressor savings calculation steps starting with the collected installed compressor demand. This table 

shows the range of possible values and 81% of the recorded values fall in the range covered by the five 

highlighted rows. 
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Table 10: Estimated compressor baseline demand and savings based on installed demand 

Installed 
Demand (kW) 

Installed  
%CFM 

Installed 
CFM 

Baseline 
%CFM 

Baseline Demand (kW) 
Savings 

(kW) 

Direct from 
monitoring data 

Calculated from 
performance curve 

%CFM * 
1,040 

CFM / 2,545 
Linear interpolation between 

max and min values 
Baseline - 
Installed 

0.0 0% 0.0 0% 74.6 74.6 

8.0 10% 104.0 4% 77.2 69.2 

17.2 20% 208.0 8% 79.9 62.7 

24.5 30% 312.0 12% 82.5 58.0 

31.3 40% 416.0 16% 85.2 53.8 

41.8 50% 520.0 20% 87.8 46.0 

48.0 60% 624.0 25% 90.5 42.4 

57.7 70% 728.0 29% 93.1 35.4 

65.5 80% 832.0 33% 95.7 30.2 

73.0 90% 936.0 37% 98.4 25.4 

81.7 100% 1040.0 41% 101.0 19.4 

 

Compressor demand savings was estimated for every 5-minute data point collected over the approximately 

six weeks of metering. Energy savings over the monitoring periods were extrapolated to annual savings by 

developing energy savings profiles based on the day of week and hour of day. It was assumed that the 

metering period was representative of the entire year.  Table 11 shows the profile created for the evaluation 

compressor savings. This profile served as a direct input to the 8,760 calculation. Over the estimated 8,544 

operating hours, the evaluation estimated an average demand savings of 53.1 kW and annual savings of 

453,664 kWh from the compressor. 

Table 11:Evaluation, compressor savings by day of week and hour of day 

Hour Sun Mon Tue Wed Thu Fri Sat 

1 47.8 56.0 52.8 54.8 54.4 52.6 54.5 

2 53.5 52.4 52.0 53.0 49.0 53.3 53.8 

3 58.3 54.2 47.1 52.8 47.5 55.2 56.0 

4 56.2 50.2 52.2 54.2 54.3 50.6 54.3 

5 56.5 51.0 53.6 56.2 54.2 50.4 54.6 

6 57.0 54.9 52.1 56.4 53.7 51.2 53.9 

7 54.3 50.8 52.4 58.9 54.4 48.4 54.6 

8 58.7 51.6 55.1 58.5 54.3 47.7 56.6 

9 55.7 45.9 54.2 57.4 49.1 43.3 53.8 

10 44.9 51.5 48.8 57.4 53.2 39.8 54.9 

11 51.2 56.2 47.5 57.4 53.2 42.1 55.4 

12 57.9 54.1 50.8 46.4 51.7 39.7 54.3 

13 56.8 53.2 51.8 58.1 52.4 53.5 52.5 

14 58.3 52.0 53.1 58.6 54.4 52.5 50.3 

15 56.6 51.2 52.4 49.0 54.6 53.4 51.1 

16 57.5 49.3 49.8 52.6 52.4 55.4 49.9 

17 58.0 47.9 45.0 54.1 42.6 53.6 52.2 

18 58.9 45.1 46.9 56.7 47.1 53.9 56.5 

19 54.8 53.7 47.1 56.2 56.8 56.0 57.7 

20 56.5 52.1 52.7 47.6 54.2 57.8 53.9 

21 57.0 54.0 50.2 55.9 53.5 57.7 54.7 

22 57.4 52.4 52.9 50.7 53.1 55.1 56.8 

23 57.7 51.8 55.0 53.1 50.6 54.4 57.5 

24 57.2 51.7 55.8 54.0 54.5 55.0 55.9 
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Heater Savings 

Based on the variability in heater consumption observed in both the commissioning metering and evaluation 

metering data, the evaluation concluded that the TA pre-installation metering data from the average of each 

heater summed together should not be used in the estimate of heater savings. The evaluation believes the 

pre-retrofit heater demand would have shown similar variability as the installed system, just at higher 

demands.  

The evaluation estimated baseline heater demand from the monitored installed demand using by assuming a 

fixed minimum heater demand and then estimating additional variable demand. This was done to ensure 

that the analysis captured both the design improvements achieved by the new system and some of the 

variability existing in the installed system that is believed to have existed prior to the project. Table 12 

shows the key inputs and assumptions used.   

Table 12: Evaluation, heater analysis, key inputs 

Parameter Value Notes 

Installed Heater Capacity (kW) 96.0 
Installed capacity. The actual heaters installed can produce 96 kW, but 
the system design called for 76 kW of heaters. It is assumed that the 
the baseline capacity was also higher than actual design. 

Baseline Heater Capacity (kW) 136.0 Rated capacity. 

Baseline Minimum Heater 
Demand (kW) 

13.4 

After review of the pre-metering data, the evaluation decided to 
assume that the baseline heaters consumed at least 13.4 kW when 
operating, equaling the average monitored demand for pre-retrofit 
Segment 2 (Figure 2). Selection of this value required evaluator 
judgement due to the limited pre-metering data available. 

Baseline Demand Adjustment 10% 

Adjustment made to account for installed case design improvements 
over the baseline.  Value assumed based on evaluator judgment.  As 
an example, if the Installed Heater Demand is metered at 70 kW, the 
evaluation would estimate the Baseline Heater Demand to be 112 kW. 

 

The baseline heater demand was estimated using the following equation: 

𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐻𝑒𝑎𝑡𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 (𝑘𝑊) =  𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐻𝑒𝑎𝑡𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 (𝑘𝑊) +  

 
𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝐻𝑒𝑎𝑡𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 (𝑘𝑊)

𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 𝐻𝑒𝑎𝑡𝑒𝑟𝐶𝑎𝑝𝑐𝑖𝑡𝑦 (𝑘𝑊)
 𝑥 (𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐻𝑒𝑎𝑡𝑒𝑟 𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 (𝑘𝑊) −  𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑀𝑖𝑛𝑖𝑚𝑢𝑚 𝐻𝑒𝑎𝑡𝑒𝑟 𝐷𝑒𝑚𝑎𝑛𝑑 (𝑘𝑊)) 

 
𝑥 (1 +  𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝐷𝑒𝑚𝑎𝑛𝑑 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡)  

 

Figure 6 shows baseline heater demand and heater savings estimated using the equations above. The values 

are shown across the range of installed heater demand values recorded during the monitoring period. If the 

compressor was off during the 5-minute interval and the installed heaters were also off, then the baseline 

heaters were assumed to be off as well 
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Figure 6: Evaluation, estimated baseline heater demand and heater savings vs. installed heater 

demand 

 

 

Matching the compressor analysis, demand savings was estimated for every 5-minute data point collected. 

Monitoring period savings were extrapolated to annual savings day of week and hour of day profiles. Table 

13 shows the profiles created for the evaluated heater savings. Observed holidays during the monitoring 

period were excluded from the developed profile. This profile served as a direct input to the 8,760 

calculation. Over the estimated 8,544 operating hours, the evaluation estimated an average demand savings 

of 17.4 kW and annual savings of 148,715 kWh from the heaters. 

Table 13:Evaluation, heater savings by day of week and hour of day 

Hour Sun Mon Tue Wed Thu Fri Sat 

1 15.0 18.2 17.8 18.3 17.8 19.5 19.6 

2 18.2 16.5 17.7 19.2 16.4 18.1 20.0 

3 18.3 17.8 17.5 18.3 16.2 17.1 18.2 

4 18.9 17.7 16.6 18.7 19.0 19.6 20.5 

5 18.3 15.7 17.8 19.2 18.0 20.2 18.7 

6 19.3 17.6 17.0 17.7 19.0 19.6 18.7 

7 15.6 18.1 17.1 15.2 18.2 17.9 18.6 

8 16.4 17.3 16.2 17.5 17.8 15.6 16.6 

9 17.1 14.6 16.3 17.5 17.5 14.7 19.4 

10 13.9 17.0 14.6 17.0 18.0 14.7 17.9 

11 14.3 17.8 18.5 17.4 17.8 13.6 18.9 

12 17.3 17.3 17.5 13.5 19.0 14.3 17.2 

13 19.2 18.6 18.1 17.2 18.2 18.3 20.4 

14 16.0 18.2 16.5 16.5 17.7 18.9 17.9 

15 15.6 18.6 17.5 16.3 18.1 18.0 17.4 

16 17.0 17.0 17.5 19.2 17.2 17.2 16.9 

17 17.4 16.1 14.3 18.6 14.9 17.8 15.7 

18 16.9 15.3 13.4 18.2 15.3 17.9 17.4 

19 15.3 16.9 15.7 17.3 15.3 16.0 16.1 

20 17.5 19.5 17.1 17.0 16.9 15.8 18.6 

21 16.2 18.7 17.5 18.1 19.0 16.8 17.7 

22 16.7 18.2 16.9 17.5 18.1 19.7 17.1 

23 16.5 18.6 17.1 19.2 16.0 20.5 17.8 

24 16.4 18.5 17.3 17.8 18.0 18.9 18.3 

http://www.dnvgl.com/


 

Page 14 of 20 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 

 

 

Annual Savings 

The 8,760 spreadsheet estimates energy and demand savings over the 8,544 hours of assumed operation. 

Demand savings are calaculated as the average hourly energy savings occurring during identified demand 

periods. Table 14 shows the evaluation results based on the analysis method described above. In the next 

section the report show’s estimates of savings achieved based on a review of utility meter data. Final 

evaluation results use the values shown in this table. 

Table 14: Evaluation results based on metering data and assumptions 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Compressor Savings (kWh) 594,235 453,664 76% 

Heater Savings (kWh) 393,995 148,715 38% 

Total Electric Savings (kWh) 988,230 602,378 61% 

% of Energy Savings on Peak 47.0% 46.0% 98% 

Summer On-Peak Demand (kW) 110.2 67.97 62% 

Winter On-Peak Demand (kW) 104.7 66.40 63% 
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Utility Meter Data Analysis 

This project was one of two projects completed in 2012 at this facility and the total tracked energy savings 

across both projects is equivalent to approximately 21% of annual facility consumption before each project 

was completed. The evaluation reviewed 15-minute interval data from the facility’s main utlility meter to 

verify the savings impact on the facility level energy consumption. The result of this analysis is informative 

for the project, but is not used to determine evaluated savings. 

Table 15 summarizes the two projects completed. Both projects were initiated in 2012 and commissioned in 

2013. Based on the matching 2013 closing dates for the projects, we have assumed that both were 

completed at the same time.  Only project 2508912 was evaluated. The evaluation estimate shown for 

project 2508891 assumes the achievement of the same realization rate estimated for the evaluated project 

in the section above. 

Table 15: Site Savings Summary 

Project Number 
Under 

Evaluation 
Tracking 
Estimate 

Evaluation 
Estimate* 

Realization 
Rate 

1706645/2508891 – Drying station fuel switch No 311,611 189,943 Not Sampled 

1765029/2508912 – Compressor & Heater retrofit Yes 988,230 602,378 61% 

Total Annual Savings   1,299,841 792,321   

Savings Per Day   3,561 2,171   

Savings / Pre Consumption   21% 13%   

*The evaluation estimate for 2508891 is based on the assumption that it achieved the same realization rate as project 2508912. Actual 

achieved savings for 2508891 were not evaluated 

Project Completion Date 

The project was completed from 12/2/12 – 12/11/12. The project invoices provided by National Grid show 

the downtime that occurred during this week and daily contractor costs for the week. The downtime records 

are supported by a drop in facility consumption shown in the 15-minute interval data. 

Utility Meter Analysis – 15-minute Interval Data 

The evaluation reviewed the received interval data for the facility from 1/1/2012 to 12/27/15. The pre and 

post periods were defined as the four month immediately before and after December 2012. Figure 7 shows 

the average hourly consumption at the utility meter serving the press from January 2012 to December 

2015. The chart excludes any hours that did not record any consumption. The upper line is weekdays and 

the lower line is weekends. The chart shows that consumption was steadily increasing up until the project 

occurred. After the project, facility consumption reduced with the largest reduction occurring on the 

weekends. During 2014 and 2015, weekend consumption increased returned to pre project levels. 
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Figure 7: Hourly utility meter consumption, 2012 - 2015 

 

 

The evaluation estimated the change in consumption using six month periods before and after the project. 

The six month period was chosen as it did not include a long period in March 2012 when no interval data 

was provided and does not include October and November 2012 when consumption was noticeable higher. 

The six month analysis does not capture full seasonal variations in production that occur, but does provide a 

reasonable estimate of the change that occurred. Table 16 shows the results of this pre/post analysis. Figure 

8 shows the average daily profiles for the six month periods analyzed and the savings. The figure shows a 

similar shape to consumption between both periods, but the post period averages 73 kW less. 

Table 16: Pre/Post Analysis Summary – Interval Data, 6 Month Periods 

Period Start End Days* Total kWh kWh/day 
Estimated  

Annual kWh 

Pre 4/1/2012 10/1/2012 182.8 3,019,121 16,513 6,027,233 

Post 4/1/2013 10/1/2013 183.0 2,700,823 14,759 5,386,887 

kWh Difference        318,298 1,754 640,346 

*Includes only days identified as non-holiday/non-shutdown 
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Figure 8: Pre/Post Analysis - Hourly Profiles, 4 month periods  

 

 

Utility Meter Analysis – Conclusions 

The evaluation concludes that a large change in consumption did occur at the facility coincident with the 

time this measure was installed. The annual change observed at the utility meter was estimated to be 

640,000 kWh. The site informed the evaluation that production volume has increased since the project was 

completed. This is potentially the reason for the increase in weekend consumption.  The evaluation estimate 

based on the end use metering completed is therefore assumed to be a more accurate estimation of 

evaluated energy savings and is used as the result of this evaluation.    
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 17 summarizes the 

evaluation results. 

Table 17: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Compressor and 

Heater 

Electric energy (kWh) 988,230 602,378 61% 

% of Energy Savings on Peak 47% 46.0% 98% 

Summer On-Peak Demand (kW) 114.7 68.0 59% 

Winter On-Peak Demand (kW) 114.7 66.4 58% 

 

Comparison of Assumptions 

The evaluation measured all of the post installation parameters used in the tracking analysis. The evaluation 

conluded that the annual hours of operation matched with what was used in the tracking, however the 

compressor and electric heat demand were found higher than what was used in the tracking.  Table 18 

compares the values of key parameters between the tracking and evaluation analyses. 

Table 18: Comparison of Key Parameters 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 
Difference Ratio 

Annual Operating Hours 8,616 8,544 (72.00) 99% 

Average Baseline Compressor Demand (kW) 87.12 80.57 (6.55) 92% 

Average Installed Compressor Demand (kW) 18.15 27.47 9.32  151% 

Average Compressor Demand Savings (kW) 68.97 53.10 (15.87) 77% 

Average Baseline Heater Demand (kW) 50.08 28.32 (21.76) 57% 

Average Installed Heater Demand (kW) 4.35 10.92 6.57  251% 

Average Heater Demand Savings (kW) 45.73 17.41 (28.32) 38% 
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Discrepancy Analysis 

The discrepancies between the tracking and the evaluation come from differences in the monitored data and 

analysis assumptions. The evaluation analysed these discrepancies to determine the actual values: 

1. The evaluation savings estimate uses 72 fewer operating hours than the TA estimate. This accounts 

8,258 kWh in variance. 

2. Site post metering was done over a 12 day period. The evaluation post metering was done over 41 

full days. The difference in the post metered duration may partially explain why compressor and 

heater demand were greater in the evaluation than what was estimated for tracking savings. The 

site also stated that production has increased since the project which likely resulted in an increase in 

consumption of the installed equipment. The change in installed equipment demand accounts for 

135,701 kWh in variance. 

3. The TA analysis utilized short duration meterind of the pre-existing equipment to estimate average 

annual pre-existing demand. These values were not adjusted when post-installation metering 

showed significant variability in consumption. The evaluation estimates baseline equipment demand 

from the installed equipment monitoring using multiple assumptions. These assumptions are based 

on both the evaluation’s knowledge of the equipment and judgment. Though the  evaluation 

estimates of baseline demand are based on some debatable assumptions, the pre/post review of 

utility meter data shows that the final estimated savings are reasonable given the two projects 

completed and the drop in consumption observed at the meter. The differences between the tracking 

and evaluation’s estimates of average baseline equipment demand account for 241,893 kWh of the 

variance. 

Table 19 summarizes the key drivers of the variance between the tracking and evaluation savings estimates.  

Table 19: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Operating Hours -72.0 -8,258 kWh 

Installed Demand, Cx Metering vs. Evaluation +15.9 kW -135,701 kWh 

Baseline Demand, TA Pre-Metering vs. Evaluatio Estimate -28.3 kW -241,893 kWh 

Total Variance   -306,662 kWh 
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Improvement Opportunities 

1. The uncertainty in the savings estimates would have been significantly reduced if a longer metering 

duration had been used to capture pre-retrofit operation. We recognize that capturing pre-retrofit 

consumption data is often a challenge given project timing, but believe that even if one full day of 

operation had been captured with all loads simulataneously metered, then the uncertainty in both 

the tracking and evaluation estimates would have been significantly reduced. In this case, project 

documents show that National Grid was aware of the project months before installation and had 

sufficient time to complete long term pre-installation metering. 

2. The tracking analysis should document the metering interval and duration used for all metering 

completed. In this case, some of the metering data did not include a time stamp or this summary 

information. 

3. In cases when post-installation metering shows signficiant variability in demand, the program should 

consider if the assumed baseline demand should be adjusted. Any decisions regarding the baseline 

demand made during commissioning should be documented, even if no change is made. 

4. This evaluation could have been simplified if it relied only on the pre/post IPMVP Option C analysis 

and evaluated both projects that occurred at this site. In the future, evaluators should sample 

projects that occur at the same time at the same site, especially when both are large retrofit 

projects with the potential for a utility meter based estimate of savings.  
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PROJECT DESCRIPTION 

A variable air volume, 55 ton rooftop DX air-conditioning unit (RTU) serving a medical glass manufacturing 

facility was consistently unable to maintain control of the space temperature whenever the heat-treating 

oven located in the space was energized as part of the normal manufacturing routine.  The overheating 

caused by this oven adversely affected the adjacent laser cutting process to such an extent that the oven 

and the laser cutter could not be operated simultaneously.  To reduce the temperature of the space around 

the laser cutter to within operating tolerance, a heat capture canopy was installed above the oven along 

with a fan dedicated to exhausting the captured heat.  Savings results from reducing the cooling load on the 

RTU.   

Annual energy savings was found to be approximately 215,998 kWh less than expected, resulting in a 

realization rate of 38.2%. This discrepancy is attributable mainly to the differences between the evaluation 

and tracking assessments of the operating schedule of the RTU, oven and the respective kW profiles for the 

baseline and post-installation RTU compressors and fans. Table 1 shows the tracking estimate of savings.  

The evaluation energy savings equals 5.2% of the facility’s total annual energy consumption in 2011. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 349,288 133,290 38.2% 

% of Energy Savings on Peak 75% 49.5% 66.0% 

Summer On-Peak Demand (kW) 68.5 9.9 14.4% 

Winter On-Peak Demand (kW) 68.5 11.0 16.0% 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project. 

Baseline 

The TA visited the site to survey the baseline equipment and operating conditions, interview the owner, 

obtain spot temperature readings, and gather baseline EMS trends of RTU supply and return fan speed, and 

RTU supply and return temperature.  Based on the interview with the owner, the TA assumed that the RTU 

operated 24/7/365 and the oven operated 22 hours per day Monday through Thursday, 14 hrs/day on 

Friday, and does not operate on the weekend.  The TA also assumed from the interview that under baseline 

operating conditions, in order to handle the heat generated by the oven when the oven was on, the RTU’s 

DX cooling system operated at its design full load capacity (55 tons).  Based on trend data of fan speed, the 

TA estimated that the supply fan operated full speed and the return fan operated at nominally 95% speed.  

When the oven was off, the TA estimated based on trends of return air and supply air temperature data and 

assumed airflow data that the load on the DX system dropped to nominally 16.2 tons, and based on trends 

of fan speed the TA estimated that the supply fan speed dropped to nominally 35% and the return fan speed 

dropped to nominally 30%.  Table 2 shows the key baseline parameter assumptions utilized in the tracking 

analysis. 

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Oven Operating Schedule 
Mon-Thu 6am to 4am; 

Interview 5,304 hours per year 
Fri 1pm to 3am 

RTU Supply Airflow – Oven On 
and Off (CFM) 

18,000 Assumed 
CFM was assumed to be fixed 

despite variation in fan speed found 
in logged data 

RTU Supply Fan kW – Oven On 14.64 Trend / Calculated 20 Hp fan at 100% speed 

RTU Supply Fan kW – Oven Off 1.31 Trend / Calculated 20 Hp fan at nominal 35% speed 

RTU Return Fan kW – Oven On 10.43 Trend / Calculated 15 Hp fan at nominal 95% speed 

RTU Return Fan kW – Oven Off 0.69 Trend / Calculated 15 Hp fan at nominal 30% speed 

RTU DX Cooling Load – Oven 
Off (tons) 

16.2 
Temperature Trends 

/ Calculated 
Tracking calculation: 

1.08*18,000*(65–55)/12,000 

RTU DX Cooling Load – Oven 
On (tons) 

55 
Interview / 
Assumed 

RTU design capacity; temperature 
trends, which would indicate only 

32.4 tons, were neglected 

RTU Cooling Performance 
(kW/ton) 

1.2 Assumed   

Exhaust Fan kW at 100% NA     

Total kW – Oven On 91.1 Calculated 
Tracking Calculation: 

(55*1.2)+14.64+10.43 

Total kW – Oven Off 21.4 Calculated 
Tracking Calculation: 

(16.2*1.2)+1.31+0.69 
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Proposed Condition 

Under the proposed condition the oven and RTU operating schedules remain the same as in the baseline 

condition, however the heat generated by the oven when it is on, is removed from the space by a dedicated 

exhaust fan rather than the RTU. The VFD-driven exhaust fan is controlled to maintain the ceiling 

temperature in the canopy above the oven. The DX cooling and fan loads associated with the RTU are 

assumed to remain constant at levels equal to their nominal levels when the oven was off under baseline 

conditions. Table 3 shows the key proposed case parameter assumptions utilized in the tracking analysis. 

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Oven Operating Schedule 
Mon-Thu 6am to 4am; 

Fri 1pm to 3am 
Interview Same as Baseline 

RTU Supply Airflow – Oven On and 

Off (CFM) 
18,000 Assumed Same as Baseline 

RTU Supply Fan kW – Oven On 1.31 Assumed 
Same as Baseline “Oven 

Off” condition 

RTU Supply Fan kW – Oven Off 1.31 Trend / Calculated Same as Baseline 

RTU Return Fan kW – Oven On 0.69 Assumed 
Same as Baseline “Oven 

Off” condition 

RTU Return Fan kW – Oven Off 0.69 Trend / Calculated Same as Baseline 

RTU DX Cooling Load – Oven Off 

(tons) 
16.2 Assumed 

Same as Baseline “Oven 

Off” condition 

RTU DX Cooling Load – Oven On 

(tons) 
16.2 Assumed 

Same as Proposed “Oven 

Off” condition 

RTU Cooling Performance (kW/ton) 1.2 Assumed Same as Baseline 

Exhaust Fan kW at 100% 1.15 Assumed 1.5 Hp 

Total kW – Oven On 22.6 Calculated 

Same as Baseline “Oven 

Off” condition (21.4 kW) + 

Exhaust Fan kW (1.15 kW) 

Total kW – Oven Off 21.4 Calculated Same as Baseline 

 

Tracking Calculation Methodology 

Under baseline operating conditions during hours when the oven was operating, the electrical demand of the 

RTU was calculated as the sum of the design full load DX demand (55 tons x 1.2 kW/ton), the supply fan 

demand at full speed operation (14.6 kW), and the return fan demand at 95% speed (10.4 kW). This 

resulted in a total RTU demand of 91.1 kW when the oven was on. During hours when the oven was off, the 

DX and fan loads were assumed to drop and the total electrical demand associated with the RTU was 

calculated as 21.4 kW.   

Under the proposed operating conditions the total electrical demand associated with the RTU was assumed 

to always be equal to that of the baseline condition when the oven was off (21.4 kW).  However, since a 

penalty of 1.15 kW was added to account for the operation of the new exhaust fan that now handles the 

http://www.dnvgl.com/


 

Page 4 of 21 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 
 

 

oven heat during hours when the oven is on, the total electrical demand for the proposed case was 

calculated as 22.6 kW (21.4 kW + 1.15 kW).   

It should be noted that the ex-ante analysis assumed that the compressors operated at full load whenever 

the oven was on in the baseline, despite having logged data showing that regardless of oven status the load 

on the cooling coil was well within the compressors’ throttling range.   

The TA generated 24 hour total RTU and exhaust fan kW demand profiles for each of the three oven 

operating day types (i.e, Monday-Thursday, Friday, and Weekends) for both the baseline and the proposed 

case. From these profiles the total annual energy consumption was calculated for both the baseline and 

proposed conditions for each day type by summing the 24 hourly demand values for the respective day and 

then multiplying that sum by the respective number of occurrences of that day type.  For both the baseline 

and proposed cases the TA assumed that the RTU would not run for two weeks of the year when the outdoor 

air temperature could be expected to drop below 20°F, though the weather profile that served as the basis 

for this assumption was not indicated.  The TA did not take account of plant shutdowns or holidays. The total 

annual energy consumption for the baseline was calculated by summing the annual energy consumption for 

each of the three day types operating under the baseline conditions (535,237 kWh), and similarly the total 

annual consumption for the proposed case was calculated by summing the annual energy consumption for 

each of the day types operating under the proposed condition (185,949 kWh).  Total annual energy savings 

was calculated as the difference between the baseline and proposed annual energy consumption (349,288 

kWh). 

Documentation was lacking, but it is assumed that the MALCIEC guidelines shown in Table 4 were 

considered in the determination of Summer and Winter On-Peak kW savings, and percent of Savings On-

Peak. On-Peak demand savings was calculated as the difference between the baseline and proposed demand 

(91.1 kW - 22.6 kW = 68.5 kW). Percent on-peak savings was stated as 75%. However, a review of the 

calculation workbook indicates that a value of 71% would be consistent with the TA analysis.  

Table 4: MALCIEC Demand Savings Definitions 

Savings Quantity Savings Definition 

% of Energy Savings on Peak All Months:  6am-10pm M-F excluding nine holidays 

Summer On-Peak Demand (kW) June, July, August: 1pm-5pm  M-F excluding holidays 

Winter On-Peak Demand (kW) December, January: 5pm-7pm  M-F excluding holidays 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the Evaluated savings for the 

project. A telephone discussion with the site contact to discuss the project and the proposed evaluation 

occurred on August 20, 2015. The site contact indicated that the oven usage schedule and product 

throughput had not changed from the baseline period. The site visit took place on October 12, 2015.  

Measure Verification 

The project measure was verified to document installation and operation. Table 5 shows how the measure 

was verified as installed and operating.  

Table 5: Measure Verification 

Measure Name Verification Method Verification Result 

Install oven heat capture canopy 

and dedicated exhaust fan 

Site observations, operator interview, 

exhaust fan and RTU data logging 

The canopy and exhaust fan have been 

installed, and the exhaust fan is operating as 

intended 

Data Collection 

Table 6 lists the data that was provided by the site contact prior to the site visit which includes trend data 

from the baseline period. This data is presented graphically in  

Source Parameter Interval Duration 

Facility EMS Baseline RTU Supply Air Temperature 30 min 39.4 days, March 9 – April 18, 2012 

Facility EMS Baseline RTU Return Air Temperature 30 min 39.4 days, March 9 – April 18, 2012 

Facility EMS Baseline RTU Supply Fan Speed 10 min 39.4 days, March 9 – April 18, 2012 

Facility EMS Baseline RTU Return Fan Speed 10 min 39.4 days, March 9 – April 18, 2012 

Figure 1 in the form of typical weekly profiles.  Note that in the baseline the RTU fans were always running, 

the supply air temperature was fairly constant, and the fan speeds followed the return air temperature 

which fluctuated with the furnace operating schedule. From this data, the average return air temperature is 

74.9 F when the supply fan operates at greater than 95% speed (oven on condition), and the average 

supply air temperature at these speeds is 55.4 F. Using the difference between the return and supply air 

temperatures and the 100% speed supply air flow from the test and balance report of 19,979 cfm, the 

cooling load on the RTU is calculated using the TA formula at 34.9 tons. This is significantly less than the TA 

cooling load assumption of 55 tons occurring all hours of oven on time.    

Table 6: Evaluation Data Collection – Data Received 

Source Parameter Interval Duration 

Facility EMS Baseline RTU Supply Air Temperature 30 min 39.4 days, March 9 – April 18, 2012 

Facility EMS Baseline RTU Return Air Temperature 30 min 39.4 days, March 9 – April 18, 2012 

Facility EMS Baseline RTU Supply Fan Speed 10 min 39.4 days, March 9 – April 18, 2012 

Facility EMS Baseline RTU Return Fan Speed 10 min 39.4 days, March 9 – April 18, 2012 
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Figure 1: Baseline - Typical Weekly Operating Profile 

 

Table 7 and  
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Table 8 show the loggers that were deployed and the spot measurements that were taken during the 

evaluation site visit, respectively. Spot measurements were taken to verify the logger readings. The RTU 

and exhaust fan kW data and the canopy temperature data are presented graphically in Figure 2 in the form 

of typical weekly profiles.  Note from Figure 1 that the RTU fans were never shut off in the baseline, and in 

the installed case (as seen in Figure 3) both the RTU fans and the exhaust fan are shut off for a short period 

every night, as well as all day Saturday and Sunday.  Note also that the exhaust fan demand follows the 

canopy temperature, which varies with the furnace operating schedule.  Figure 1 also shows that in the 

baseline there was very little Friday oven use and about half a day on Saturday, where for the installed case 

(shown below in Figure 2) there is very little use on Saturday and about half a day on Friday. For this 

evaluation the profiles shown in Figure 2 are assumed to apply to the installed case. 

Table 7: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment Brand 

and Model 
Metering Start/Stop Dates 

Metering 

Interval 

RTU Total kW Elite Pro SP October 12 through November 21, 2015 15 min 

Exhaust Fan kW Elite Pro SP October 12 through November 21, 2015 15 min 

Canopy Temperature Hobo Temperature Logger October 12 through November 21, 2015 15 min 

Outdoor Air Temperature Hobo Temperature Logger October 12 through November 21, 2015 15 min 
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Table 8: Evaluation Data Collection - Spot Measurements 

Parameter 
M&V 

Equipment 

% Speed 

or # 

Stages 

Hz 

Static 

Pressure 

Setpoint 

(iwc) 

kW °F 

RTU  Elite Pro SP    57.6  

RTU Compressor 

Stage 
RTU Interface 3 of 4     

RTU Supply Duct RTU Interface   1.5   

RTU Supply Fan VFD Interface  54.6    

RTU Return Fan VFD Interface  43.0    

RTU Outdoor Air 

Temperature  
Hobo U12-011     74.0 

Exhaust Fan  Elite Pro SP    1.02  

Exhaust Fan Speed VFD Interface 100% 60.0    

Figure 2: Installed – Typical Weekly Operating Profile – Logged Data 

 

The site contact provided updated EMS trend data for the parameters shown in Table 6 to coincide with the 

evaluation metering period shown in Table 7. This data is presented graphically in Figure 3 in the form of 

typical weekly profiles.   Comparing the installed operating profiles with the baseline operating profiles it is 

evident that on average when the RTU is on, the fans run at a lower speed and the return air temperature is 

lower in the installed case.  The return fan runs at lower speed in the installed case on account of the impact 

of the exhaust fan on the space pressurization. The return air temperature is lower in the installed case due 

to the effect of the exhaust fan rejecting the furnace heat. The average supply fan speed is lower in the 

installed case than the baseline apparently due to the effect of the week of 10/25, when it ran between 80% 

and 90% speed, unlike the other three weeks when it ran consistently at 100%.  
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Figure 3: Installed – Typical Weekly Operating Profile – Updated EMS Data 

 

In addition to these updated EMS trends, the site contact also provided coincident EMS trends of the 

following:  

 Exhaust fan speed 

 RTU outside air damper position 

 Number of operating compressors 

Figure 4 and Figure 5 show the installed-case time-series trends of outside air temperature, number of 

compressors, outside air damper position, canopy temperature and exhaust fan speed. Figure 4 provides 

evidence for the functionality of the RTU’s economizer, where the damper opens when the outside air 

temperature drops below a nominal level, and the number of compressors ramps up noticeably when the 

outside air temperature exceeds a nominal level.  According to the site contact the economizer had not been 

enabled in the baseline due to poor performance. It is notable that the TA analysis did not account for 

changes in economizer functionality. Comparing the canopy temperature with the exhaust fan speed in 

Figure 5, it was concluded that the exhaust fan operating profile is an excellent proxy for the actual furnace 

operating profile. 
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Figure 4: Installed - Outside Air Temperature, Damper Position and Number of Compressors 

 

Figure 5: Installed - Canopy Temperature and Exhaust Fan Speed 

 

While on-site, evaluators were given copies of the project mechanical construction plans as well as copies of 

the equipment test and balance reports. Nameplate data found on the three-phase 480V oven indicated that 

the electrical load per phase, when operating at design full load heating capacity, is 92A. In discussing the 

difference in oven operation between the baseline and the installed case, the site contact stated that 

finished product output has increased because the amount of product rejection (fail to meet specifications) 

has decreased. Product quality improvement was due to process changes and not due to the measure. The 

site contact believes that the annual load profile (product throughput) on the oven has probably not 

changed since the oven canopy was installed.   
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Evaluation Savings Analysis 

Evaluators reviewed the trend data, spot measurements, and equipment specifications to corroborate and 

update the key parameters outlined in  

Table 2 and Table 3 above.  

Installed Operating Profile 

Error! Reference source not found.Figure 2 through Figure 5 shown above provide a graphical summary 

of the key trends captured for the installed case. It was inferred from these trends that the RTU demand 

varies with both hour of week and outside air temperature, and the exhaust fan (EF) demand varies only 

with hour of week as shown in Figure 2.  Figure 6 shows the percentage of time that the RTU and the EF 

were observed to be on for each hour of the week.  Note that the EF does not operate when the RTU is off.   

Figure 6: Installed System Typical Weekly Status Profiles 

 

From the profiles of Figure 6 evaluators determined which hours the RTU and EF typically operate together, 

and which hours the RTU operates alone. The kW trend data of the RTU includes the total kW of the unit. 

The supply and return fan kW was separated out by considering only hours when the compressors were off 

(zero compressors operating, from EMS trend) and correlating RTU kW to both supply fan speed and return 

fan speed (from EMS trends), where the correlation assumes the kW of each fan follows a power relationship 

with speed. The resulting model was then used to calculate total fan kW from supply and return fan speed 

for each trended hour, which was then subtracted from total RTU kW to obtain compressor kW.   Applying 

only the trend data for hours when the RTU was on, regression models for the RTU fan kW and compressor 

kW were generated as functions of outdoor air temperature (OAT). Two sets of regression models were 

developed, one set for hours when the EF was on (which indicate the oven was on), and another set for 

hours when the EF was off (oven off).  These regressions are shown in Figure 7 and Figure 8, for the oven 

on and oven off conditions, respectively. 

Hourly TMY weather data for Worcester, MA was used to calculate the 8,760 hourly energy use profile using 

the evaluation regression models. The first step included defining on/off status profiles for the RTU and EF 
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by appropriately matching the hourly values from the respective typical weekly profiles (Figure 6) to each 

hour of the year.  The RTU and EF were assigned an off status for Holidays.  The hourly kW profile for the EF 

was generated by matching the typical weekly demand profile shown in Figure 2 to each hour of the TMY 

year.  The annual hourly overall demand profiles for the installed RTU fans and compressors were calculated 

by applying the hourly TMY OAT to the appropriate regression model generated above depending on the 

respective RTU and EF status profiles, and then multiplying the result by the percentage of RTU on-time for 

that hour.  Demand was assumed to be zero whenever both the RTU and the EF were off (i.e., percentage 

time on = 0%). The hourly total kW demand was then calculated by summing the RTU fans, the RTU 

compressors, and the EF for each hour. 

Figure 7: RTU Fan and Compressor Models – Oven On 

 

Figure 8: RTU Fan and Compressor Models – Oven Off 
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Baseline Operating Profile 

The TA assumed that the RTU operated all hours of the year and that demand was either one of two values 

depending on whether the oven was on or off, as shown in Table 2.  Evaluators improved these estimates by 

using the installed-case RTU operating profile and adjusting the kW demand to account for impacts of the 

installed measure. The impact adjustments included the operating schedule (baseline unit always on instead 

of scheduled for installed), outside air damper fixed at a constant position (instead of the installed working 

economizer), and increased cooling load (without the installed exhaust fan).   

The 8,760 hourly profile for the baseline RTU fan kW (including both supply and return fans) was calculated 

using the evaluation models for fan kW as a function of OAT during operating hours determined from the 

typical evaluation week profile with adjustments discussed below. For the baseline hours that the installed 

RTU was scheduled off, supply and return fan kW was calculated as 7.4 kW based on applying the Sunday 

baseline fan speeds to the evaluation regression of fan kW to fan speeds. This value was also consistent with 

the few available similar trended operating hours of the installed RTU. 

The 8,760 hour profile for the baseline RTU compressor kW was based on the installed compressor kW 

correlations extrapolated to all hours of the year, with calculated adjustments to account for fixed outside air 

damper position (no economizer) and no heat exhausted out through the new exhaust hood. These 

adjustments were made as follows: 

 Exhaust Hood Cooling Load Adjustment. The additional baseline cooling load, that was exhausted 

through the new hood, was calculated from the temperature difference between the hood exhaust 

and space temperatures, and used the exhaust air flow based on exhaust hood fan speed to linearly 

adjust the rated exhaust fan air flow. This additional cooling load averaged 4.2 tons across all oven 

operating hours, which relates to an average 6.6 F increased return air temperature for the baseline 

compared with the installed return air temperature. The maximum hourly additional cooling load was 

8.9 tons. Evaluators noted that the laser had been encased in plexi-glass with a small dedicated air 

conditioning unit because the new exhaust hood did not solve the laser over heating problem. 

 Economizer Cooling Load Adjustment. A cooling load adjustment for the non-functioning baseline 

economizer was based on calculating a baseline mixed air temperature using the installed return air 

temperature and outside air temperature with a constant 18.4% outside air fraction, per the TAB 

report minimum air fraction. The increased cooling load was then calculated from the temperature 

difference between the adjusted baseline mixed air temperature and the installed mixed air 

temperature using the supply air flow based on the supply fan speed. For the hours that the 

installed system (RTU) was off, baseline cooling load was calculated similarly, but used the return air 

temperature and supply fan speed from the baseline trended data on Sundays when the RTU was on 

but and the oven was off. The additional cooling load averaged 6.6 tons across all economizer 

operating hours with a maximum hour load of 18.0 tons.  

 Total Cooling kW Adjustment. The total cooling load increase for the adjusted baseline was the sum 

of the exhaust hood adjustment and the economizer adjustment. The increased cooling load for each 

hour was converted to kW demand using the value of 1.50 kW/ton, which was averaged from 

installed kW/ton values (calculated from trend data) for outside air temperatures greater than 65 F. 

The trend data for temperatures less than 65 F produced erroneous kW/ton values due to 

economizer operation and compressor cycling. The TA assumed the cooling efficiency at 1.20 kW/ton. 

The total hourly baseline kW values were the sum of the hourly fan kW and the total compressor kW 
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with adjustment additions. The total installed and baseline cooling loads are shown as a function of 

outside air temperature in Figure 9 and Figure 10 for oven “on” and oven “off” conditions, 

respectively. As can be seen in the graphs, the cooling load does vary with outside air temperature 

indicating that other factors such as envelope and internal equipment have an impact on 

maintaining space temperature. 

 Figure 9: RTU Cooling Load – Oven On 

 

Figure 10: RTU Cooling Load – Oven Off 

 

 

 

Energy Savings Profile 
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The 8,760 hourly kW demand savings values were calculated by subtracting the installed hourly total kW 

from the baseline hourly total kW values.  Annual kWh energy savings was then the sum of the 8,760 hourly 

kW demand savings values. 

Summer and Winter On-Peak Demand savings and percent of Energy Savings On-Peak were calculated from 

the 8,760 hourly savings values using the MALCIEC guidelines shown in Table 4. 
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 9 summarizes 

evaluation results.  

Table 9: Project Results by Measure 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Install oven heat 

capture canopy and 

dedicated exhaust 

fan 

Electric energy (kWh) 349,288 133,290 38.2% 

% of Energy Savings on Peak 75% 49.5% 66.0% 

Summer On-Peak Demand (kW) 68.5 9.9 14.4% 

Winter On-Peak Demand (kW) 68.5 11.0 16.0% 

Comparison of Assumptions 

For the baseline, the TA assumed that the kW for each of the RTU’s power-consuming components (i.e., 

supply fan, return fan, and compressors) was equal to either one of two values based on whether the oven 

was on or off.  For the proposed case, the TA assumed that the kW values for the oven on hours were 

simply equal to the respective baseline oven-off values, and the exhaust fan kW was one value when the 

oven was on, and zero when the oven was off.  In either operating mode, the TA assumed that the RTU was 

on all hours of the year.  

By contrast, the evaluators found that after the measure was installed, the RTU did not run all hours, but 

was scheduled off during a significant number of hours that the oven was off.  The trend data also revealed 

that as outside air temperature changed, the kW for the fans varied slightly, and the kW for the 

compressors varied significantly, and those variations differed depending on whether or not the exhaust fan 

was operating. Evaluators also assumed that rather than being on or off, the VFD-controlled exhaust fan kW 

followed an hourly profile based on an average week. Evaluators also assumed, like the TA, that the RTU 

operated all hours of the year for the baseline. However, instead of operating at one of two kW levels the 

baseline RTU kW was also a function of outside air temperature, which was calculated from installed trend 

data and adjusted for the now-functioning economizer and the heat rejected by the exhaust fan.   

Table 10 compares the values of key parameters between the tracking and evaluation analyses. 

  

http://www.dnvgl.com/


 

Page 18 of 21 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 
 

 

Table 10: Comparison of Key Parameters 

  BASELINE PROPOSED / INSTALLED 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 

Tracking 

Value(s) 

Evaluation 

Value(s) 

RTU Operating Schedule 
Always on (8,760 

hrs/yr) 

Always on (8,760 

hrs/yr) 

Always on (8,760 

hrs/yr) 

Mon-Thu 4am to 

3am; 

Fri 4am to 1am; 

Sat 10am to 2pm 

(5,995 hr/yr) 

Oven Operating Schedule1 

Mon-Thu 5am to 

3am; 

Fri 1pm to 3am 

(5,304 hrs/yr) 

Mon-Thu 5am to 

3am; 

Fri 2pm to 1am 

(5,034 hrs/yr) 

Mon-Thu 5am to 

3am; 

Fri 2pm to 1am 

(5,304 hrs/yr) 

Mon-Thu 5am to 

3am; 

Fri 2pm to 1am 

(5,034 hrs/yr) 

Total RTU Fan kW – Oven On 25.1 20.1 3.15 20.1 

Total RTU Fan kW – Oven Off 2.0 8.3 2.0 2.8 

RTU Compressor kW – Oven On 66.0 30.9 19.4 12.6 

RTU Compressor kW – Oven Off 19.4 6.5 19.4 1.2 

Exhaust Fan kW NA NA 1.15 0.842 

Total kW – Oven On 91.1 51.0 22.6 33.1 

Total kW – Oven Off 21.4 14.8 21.4 4.0 

1. Evaluation values shown in this table represent the calculated averages coinciding with the exhaust 

fan on/off schedule rather than the oven on/off schedule. The exhaust fan only runs when the oven 
is on and the canopy air temperature exceeds setpoint, and is assumed to be a reasonable proxy for 
oven operating status. Evaluation values also assume oven is off during holidays. 

2. Average exhaust fan demand at full speed was 1.06 kW. 

Discrepancy Analysis 

Annual energy savings was found to be approximately 215,998 kWh less than the expected value of 

349,288 kWh, resulting in a realization rate of 38.2%. This discrepancy is attributable mainly to the 

differences between the evaluation and tracking assessments of the operating schedule of the RTU and oven, 

and the respective kW profiles for the baseline and post-installation RTU compressors and fans. 

 Baseline kW - The TA assumed that the total RTU kW (compressors + supply fan + return fan) was 91.1 

kW when the oven was on and 21.4 kW when the oven was off, and was not considered to vary with 

outside air temperature. Evaluators estimated the overall average annual RTU kW was 51.0 kW when 

the oven was on and 14.8 kW when the oven was off, and was a function of outside air temperature. 

These reductions in baseline energy use significantly reduced energy savings. As a further breakdown of 

total RTU kW to the component level, the TA assumed that the RTU compressors always operated at full 

load (66 kW) when the oven was on and low load (19.4 kW) when the oven was off, and that the fans 

always operated at high speed (25.1 kW) when the oven was on and low speed (2.0 kW) when the oven 

was off.  By contrast, evaluators calculated the average annual compressor demand to be only 30.9 kW 

with the oven on and 6.5 kW with the oven off.  Evaluators calculated the average hourly power draw of 
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the RTU fans at only 20.1 kW with the oven on, but 8.3 kW with the oven off, much higher than the TA 

estimate. 
 

 Installed kW - The TA assumed that the total system kW (RTU + exhaust fan) was 22.6 kW when the 

oven was on and 21.4 kW when the oven was off, with the exhaust fan demand of 1.15 as the difference 

between on and off values. The evaluators estimated that the overall average demand was 33.1 kW 

when the oven was on and 4.0 kW when the oven was off, and was a significant function of outside air 

temperature, largely due to the now-operating economizer. The TA neglected to account for the 

economizer, the effect of which is evident in the discrepancy between the installed and proposed 

compressor kW when the oven is on (Table 10).  The economizer accounted for 46% of the evaluated 

net energy savings.  However, the positive effect that the economizer had on savings when the oven 

was on was counterbalanced by the coinciding discrepancy between the installed and proposed fan 

demand, resulting in the installed overall average demand to be 50% higher than the TA’s proposed 

estimate.  This overall increase in kW during oven on hours decreased the net energy savings compared 

to the TA savings estimate, while the overall decrease in kW during oven off hours increased the savings.  

As a further breakdown of total kW to the component level, the TA assumed that the RTU compressors 

always operated at low load (19.4 kW) regardless of the status of the oven, or outside air temperature.  

The TA also assumed that the RTU fans always operated continuously at 2.0 kW regardless of the status 

of the oven. By contrast, evaluators used trend data to calculate the average annual compressor 

demand to be only 12.6 kW when the oven was on and 1.2 kW when the oven fan was off.  Evaluators 

calculated the average annual RTU fan demand to be only 20.1 kW with the oven on, and 2.8 kW with 

the oven off.   
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 Table 11 summarizes the key drivers of the discrepancies between the tracking and evaluation savings 

estimates.  

 

 RTU Schedule – The TA assumed for both the baseline and the proposed case that the RTU was on all 

hours of the year.  The evaluators also assumed continuous baseline operation (8,760 hours per year), 

however for the installed case, it was estimated that the RTU is scheduled to only operate 5,995 hours 

of the year, based on data trends and scheduled holidays. The reduced operating schedule for the 

installed case increased annual savings by about 35,000 kWh. 

 

 Oven/Exhaust Fan Schedule - The TA assumed that the oven operates every week of the year according 

to the schedule shown in Table 10 (5,304 hrs/yr). The evaluation determined that the oven was off for 

seven holidays, and the evaluation trend data indicated that typical weekly oven on-time was slightly 

less than assumed in the TA analysis. The evaluation adjusted the baseline oven operating hours to be 

the same as installed hours (5,034 hrs/yr), which is about 5% fewer annual operating hours than was 

assumed in the TA analysis. This decreases savings slightly.  
 

It is also noted that the evaluation energy savings represents approximately 5.2% of the facility’s total 2011 

annual energy consumption of 2,568,300 kWh which seems like a reasonable value.  By contrast, the 

tracking energy savings amounted to 13.6% of the 2011 total usage which seems a bit high for this 

measure. 
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Table 11: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Baseline kW 
About a 44% reduction while the oven is on and a 

31% reduction when the oven is off. 

By itself, this would reduce savings by about 55% 

in the TA analysis, however in combination with 

other discrepancies, the impact is difficult to 

assess. 

Installed kW 
About a 46% increase while the oven is on and a 

73% reduction when the oven is off. 

These differences are offsetting with the total 

impact difficult to assess, especially in 

combination with other discrepancies. Savings 

associated with the repaired economizer was 

calculated to be almost half of the total evaluated 

savings. 

RTU Operating 

Hours 

About a 31% operating hours reduction of the 

installed equipment during periods when the oven 

is off. 

By itself, this would increase annual savings by 

about 59,000 kWh (17% of tracking value) in the 

TA analysis, however in combination with other 

discrepancies, the savings increase is reduced to 

about 35,000 kWh (10% of tracking value). 

Oven Operating 

Hours 

Evaluation determined oven operating hours to be 

about 5% less than the TA estimate.  This 

adjustment was made to both the baseline and 

installed conditions. 

By itself, this would reduce savings by about 5% 

in the TA analysis, however in combination with 

other discrepancies, the impact is smaller. 

  

Improvement Opportunities 

The ex-ante analysis assumed that the compressors operated at full load whenever the oven was on in the 

baseline, despite having logged data showing that regardless of oven status the load on the cooling coil was 

well within the compressors’ throttling range.  If the logged data had been applied to assess the baseline 

oven-on compressor demand in the same manner in which it was applied to calculate the oven-off 

compressor demand, the baseline oven-on demand would have been significantly lower at about 35 tons of 

cooling instead of the assumed 55 tons. Alternatively, baseline logging of RTU fan and compressor kW would 

have provided a more accurate estimate. The ex-ante analysis also neglected to consider in both cases the 

effect of the economizer on the cooling coil load, and instead assumed that the logged return air 

temperature was equal to the mixed air temperature.  In the baseline the economizer was disabled and the 

outside air damper was set at a fixed minimum position, but in the installed case the economizer was fully 

functional. RTU kW logging during the post inspection would have provided an opportunity to improve the 

savings estimate and would have identified the scheduled operation of the RTU instead of assuming the 

baseline and installed schedules were the same.  
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PROJECT DESCRIPTION 

This is a new construction project that installed a new 528-ton hybrid (Haitian Mars MA 4700/2950 servo) 

injection molding machine (IMM) at a plastic parts manufacturing facility. The baseline machine in the 

tracking analysis was a 528-ton hydraulic (Haitian Saturn SA 4700/2950 IMM). The proposed machine was 

estimated to save energy by running at a lower average power than the baseline machine.  

Table 1 shows the overall evaluation results for this project. The project is achieving 68% of the energy 

savings tracked.  The savings variance is primarily due to differences in the estimated baseline operating 

power between tracking and evaluation analyses. The tracking analysis utilized metering of a 1969 hydraulic 

machine operating on-site as a proxy to estimate baseline power. Based on conversations with the 

equipment manufacturer, this evaluation concludes that metering data of a 40 year old machine is not 

representative of a new hydraulic machine. The evaluation estimates baseline power based on the 

equipment manufacturer specification, monitored installed equipment power, and recorded machine cycle 

time.  

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 125,411 85,406 68% 

% of Energy Savings on Peak 67% 69% 104% 

Summer On-Peak Demand (kW) 20.9 15.3 73% 

Winter On-Peak Demand (kW) 20.9 13.8 66% 

 

  



 

Page 2 of 11 

 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 

 

 

TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project. 

Baseline 

The baseline machine was assumed to be a new fully-hydraulic 528-ton Haitian Saturn SA 4700/2950 IMM 

which would have operated at an average power of 38.665 kW. The assumed average power of the baseline 

system was determined through power monitoring of a proxy REED machine (#14) operating on-site. The 

project documents do not provide a reason for why the specific proxy machine was selected to estimate 

baseline power. The #14 REED machine was observed by the evaluation to be manufactured in 1969.  The 

baseline IMM energy estimate assumed an annual operating schedule of 6,000 hours per year with a 70% 

uptime utilization rate for a total of 4,200 annual operating hours. The tracking documentation used 150-

seconds as the average baseline cycle time, though the source for the same was not available. Table 2 

shows the key baseline parameters and assumptions utilized in the tracking analysis.  

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) Source of Value Note 

Machine Type Full Hydraulic Tracking Analysis Haitian Saturn 

Average Power 38.665 kW Power Monitoring 1-hour intervals 

Average Cycle Time 150 seconds Tracking Analysis 
 

Operating Hours 6,000 hours/yr Tracking Analysis (120
ℎ𝑟𝑠

𝑤𝑘
∗ 50

𝑤𝑘𝑠

𝑦𝑟
) 

Machine Utilization Rate 70% Tracking Analysis “(Customer claims 80%, used 70% for margin)” 

Annual Consumption (kWh) 162,392 Calculation (6,000 hrs * 70% * 38.665 kW) 

Proposed Condition 

The proposed system was a 528-ton hybrid Haitian Mars MA 4700/2950 IMM, assumed to run at an average 

power of 8.805 kW. The installed system was identical to a previously installed machine in 2011 and was 

scheduled to run under identical conditions, but with different run-hours. Thus, the analysis used monitored 

data of the machine installed in 2011 to determine the average power of the installed system. Both baseline 

and installed conditions utilized identical annual operating hours. A 150-second average cycle time was also 

assumed for the installed system. This value may have been sourced from metered data for the system. 

Table 3 shows the key installed-case parameters and assumptions utilized in the tracking analysis. 

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) Source of Value Note 

Machine Type Hybrid – Hydraulic/Electric Tracking Analysis Haitian Mars 

Average Power 8.805 kW Power Monitoring 1-hour intervals, 22% of baseline  

Average Cycle Time 150 Seconds Tracking Analysis Same as baseline 

Operating Hours 6,000 hours/yr Tracking Analysis Same as baseline 

Machine Utilization Rate 70% Tracking Analysis Same as baseline 

Annual Consumption (kWh) 36,981 Calculation (6,000 hrs * 70% * 8.805 kW) 
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Tracking Calculation Methodology 

The tracking savings was calculated using spreadsheet analysis based on the monitoring data collected 

during the TA study. The annual savings were calculated by taking the difference between the baseline 

energy usage and installed energy usage.  

𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = 𝑘𝑊ℎ𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 − 𝑘𝑊ℎ𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑 

On-peak power savings were calculated as the average demand savings across all baseline operating hours 

in the year.  

𝑂𝑛 − 𝑃𝑒𝑎𝑘 𝐷𝑒𝑚𝑎𝑛𝑑 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =
𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠

𝐴𝑛𝑛𝑢𝑎𝑙 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠
 

The following calculations were used in the calculation spreadsheet to determine the inputs of each of the 

formulas above.  

The tracking analysis calculated both the average baseline and installed machine power using power-

monitoring data in 1-hour increments. The average power was calculated as the average of the data points 

during the monitoring period.  

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑃𝑜𝑤𝑒𝑟 =  
∑ 𝑃𝑜𝑤𝑒𝑟

𝑀𝑜𝑛𝑖𝑡𝑜𝑟𝑒𝑑 𝐻𝑜𝑢𝑟𝑠
 

The baseline and installed machine hours were assumed to be identical. The annual operating hours was 

assumed to be 120 hours per week, 50 weeks per year, inclusive of holidays and planned shut-downs. 

Annual energy usage for the baseline and installed case were calculated as the product of the average power, 

assumed 70% machine utilization rate and annual operating hours. 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑘𝑊ℎ = 𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑃𝑜𝑤𝑒𝑟 ∗ 70% ∗ (120
ℎ𝑟𝑠

𝑤𝑘
∗ 50

𝑤𝑘𝑠

𝑦𝑟
) 

Evaluator Assessment of Tracking Savings 

The evaluation has identified four issues with the tracking analysis: 

1. It is not known from the calculations when the two weeks of planned shut-downs and holidays take 

place. This may affect the seasonal peak energy savings if the shut-down periods were not taken 

into account. During the site visit on January 19th, it was determined that the facility operates 24/5 

with ten observed holidays per year.  

2. The on-peak and seasonal on-peak savings do not take into account the 70% machine utilization 

rate, instead assuming a 100% machine utilization rate during these periods. 

3. The baseline machine was assumed to be a new Haitian Saturn SA4700/2950. The Haitian Saturn 

series is a reasonable baseline assumption. However, the power monitoring data used to estimate 

baseline power was based upon a REED 500TES manufactured in 1969. The power consumption of a 

new Haitian Saturn series is much lower than a 1969 machine due to multiple improvements in 

machine design over the past 40 years.   
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the Evaluated savings for the 

project. 

Measure Verification 

The evaluator visited the site on January 19th, 2016 to verify the installation and begin data collection. The 

measure was verified to be installed and operating as expected. The installed IMM matched with the model 

number given in the tracking analysis.  Table 4 shows the measure verification results.   

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

New Hybrid IMM 
Visual observation of nameplate 

information   

Model: MA4700/2500, Serial: 2013070470302 

Rated Power: 86.6 kW, Full Load-Current: 122.1A 

Data Collection 

Machine Monitoring: The evaluator monitored both an expected proxy baseline machine and the installed 

machine using Dent ElitePro loggers for five weeks. The proxy baseline machine monitored was a 500-ton 

fully hydraulic unit and was expected to be used to make the same part as the installed machine during the 

monitoring period. This was a different machine than monitored by the TA. The proxy machine was selected 

by the evaluator due to the similarity in parts expected to be produced during the monitoring period. The 

data collected from this machine was not used in the evaluation analysis. This is discussed further in the 

evaluation analysis section below.  

Production Data: The site provided intermittent production data to the evaluator during the second visit to 

retrieve the monitoring equipment. The production data covers the same five weeks as the monitoring 

period. The data provided includes pounds of production by day and mold for some of the days, production 

hours by shift for all days, and number of cycles by shift for all days. The evaluation calculated the average 

installed machine cycle time to be 133.3 seconds across all five weeks. The facilities manager stated that the 

operating schedule through the monitoring period was indicative of a full year’s operation, with no seasonal 

variation in production. The site observes ten holidays during the year. Table 5 and Table 6 show the data 

that were collected as part of this evaluation. 

Table 5: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment 

Brand and Model 
Metering Start/ Duration 

Metering 

Interval 

Installed: Haitian Mars MA 4700/2950 IMM Dent ElitePro Logger 
Started: January 19th, 2016 /  

5 weeks 
1 minute 

Proxy Baseline Hydraulic: 1971 Reed 500TES 

(500 tons) 
Dent ElitePro Logger 

Started: January 19th, 2016 /  

5 weeks 
1 minute 

Table 6: Evaluation Data Collection – Data Received 

Parameter Source Duration Interval 

Daily Production Volume Production Log 5 Weeks 1 Day 

Production Schedule Production Log 5 Weeks Day, Shift 

Injection Molding Machine Cycle Time  Tracking documents, EMS and/or production logs 5 Weeks Day, Shift 
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IMM Interview: The evaluation interviewed the facility contact regarding the site recent practice for 

purchasing new injection molding machines. The facilities manager could not differentiate between a fully-

hydraulic and hybrid machine at his facility. The manager could only differentiate between all-electric and 

fully/hybrid hydraulic machines when questioned about purchasing decisions. The site contact stated that 

the facility’s decisions to purchase a new machine were driven by the associated business case and the 

specification requirements for the parts expected to be produced.  The site has purchased multiple new 

machines in recent years and the machine types have varied. No indication was provided that a hybrid 

machine or hybrid type machine was required to meet the specifications of the parts being produced.  

HVAC Interaction: In addition to the information collected, the evaluation found that there is no cooling on 

the production floor so there are no interactive heating and cooling effects from the measure.  

Evaluation Savings Analysis 

This section describes the evaluation analysis completed to estimate achieved savings. The installed 

equipment is expected to operate more efficiently than the baseline equipment. From the manufacturer, 

“Based on the ‘Haitian Saturn Series’, the ‘Haitian Mars Series’ improves on this through its innovative drive 

solution: a highly dynamic AC servomotor drives a gear pump, and achieves an energy saving of 20-70% 

when compared with conventional, asynchronous solutions with control pumps.”1 

Installed Equipment Energy 

Monitoring data show the installed equipment generally operating 24 hours per day, 5 day per week, 

shutting off for the weekends late on Friday and starting up again late on Sunday. Figure 1 shows the 

monitoring data collected for the installed machine over the entire monitoring period.  

Figure 1: Installed IMM energy consumption during monitoring period 

  

The evaluation used the monitored data collected to calculate day of week hourly load profiles. The 

monitored data shows power consumption across all production shifts. These profiles are assumed to be the 

“typical” weekly operating profiles for the installed equipment. The profiles and associated values are shown 

                                                
1 http://www.haitian.com/en/news/press/?tabdbpr_id=59 
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in Figure 2 and Table 7. These weekly profiles are used to estimate installed consumption in all 8,760 hours 

of the year. The ten observed holidays are assumed to have the same operating profile as Saturdays.  

Figure 2: Weekly installed IMM operating profile 

 

Table 7: Weekly installed IMM operating schedule 

Site Average Hourly kW 

Hour Sun Mon Tue Wed Thu Fri Sat 

1 0.0 5.3 5.7 5.6 5.8 4.3 0.0 

2 0.0 5.2 6.7 5.6 5.9 4.5 0.0 

3 0.0 4.3 5.4 4.3 4.0 3.5 0.0 

4 0.0 4.6 5.8 4.8 3.5 3.8 0.0 

5 0.0 5.5 6.8 5.9 3.4 4.4 0.0 

6 0.0 5.2 7.0 5.8 4.2 4.4 0.0 

7 0.0 5.4 6.3 5.6 3.3 8.3 0.0 

8 0.0 4.8 7.1 8.0 8.2 6.8 0.0 

9 0.0 5.0 7.1 6.9 7.0 6.7 0.0 

10 0.0 5.7 6.7 6.6 6.5 5.9 0.0 

11 0.0 5.2 7.0 7.1 6.7 5.8 0.0 

12 0.0 5.1 6.6 6.7 6.9 5.5 0.0 

13 0.0 5.7 6.1 7.0 7.1 5.7 0.0 

14 0.0 5.7 7.0 7.2 7.0 5.7 0.0 

15 0.0 5.6 7.0 7.2 7.2 5.7 0.0 

16 0.0 5.5 6.8 5.4 6.9 5.7 0.0 

17 0.0 5.4 6.9 5.7 6.8 5.6 0.0 

18 0.0 5.1 6.6 5.5 6.7 5.5 0.0 

19 0.0 4.9 5.7 5.5 6.2 5.1 0.0 

20 0.0 3.6 4.5 4.1 4.8 3.7 0.0 

21 0.0 5.3 6.8 5.4 6.7 5.6 0.0 

22 4.4 7.1 6.0 5.5 6.6 5.5 0.0 

23 7.0 6.1 5.4 5.4 6.3 1.8 0.0 

24 4.1 5.7 5.2 5.5 4.0 0.0 0.0 
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Using the 8760 model developed from the profiles shown in Table 7, the evaluation estimates that the 

installed system runs at an average of 5.74 kW during 6,129 annual operating hours and consumes 35,158 

kWh annually. This is 95% of the consumption estimated by the TA.  

Baseline Equipment Energy 

Based on the interview conducted with the facility manager, the evaluation concludes that a hydraulic 

machine could be used to meet the current production needs and the standard practice for the customer is 

to consider all equipment that can meet the specifications of the parts expected to be produced.  The 

evaluation therefore agrees that the fully-hydraulic Haitian Saturn SA 4700/2950 was a reasonable choice 

for production and is also used as the assumed evaluation baseline machine.  

The evaluation collected 5 weeks of monitoring data on a proxy baseline machine operating at the facility. At 

the time of logger installation, the machine was expected to produce parts similar to the parts being 

produced on the installed machine at some point during the monitoring period. The machine operated for 

8,346 minutes during the period or only 17% of the period. The average operating power was 17.92 kW and 

the production data received suggests at cycle times of 30 - 45 seconds across the different molds used. The 

average cycle time for the installed machine was calculated to be 133.3 seconds. The evaluator has 

concluded that this monitoring data should not be used as a proxy for baseline consumption due to the large 

difference in cycle times of the parts manufactured. 

The evaluator contacted Haitian to discuss the differences in operating power between a new fully-hydraulic 

machine and the 47-year old proxy machines monitored by the TA and evaluator. Haitian stated that 

improvements in system design have led to substantial reductions in energy consumption for hydraulic 

machines over the past decades and estimated that a new hydraulic machine is likely about 25% more 

efficient than even a 30-year old machine. The contact could not estimate the difference in consumption 

between new and a 47-year old machine. The evaluation therefore concluded that neither the TA or 

evaluation proxy baseline monitoring data was valid for the estimation of baseline energy consumption. 

The evaluation estimated the range of potential baseline power value as: 

1. Proxy Metering Adjustment: The proxy metering data collected by the TA was determined to be more 

accurate than the data collected by the evaluation. The machine monitored by the evaluation had 

unusual operating patterns during the monitoring period and is believed to have produced significantly 

different parts than being produced on the installed machine. Based on the statement that a 25% 

reduction in power has been achieved over 30 years, this baseline power estimate was calculated using 

the TA data as (1 – 25%) * 38.7 kW = 29.0 kW. The evaluation views this is at the upper bound of 

potential baseline operating kW. The installed machine is achieving an 80% reduction in power from 

this value which is stated by the manufacturer to be the savings between the machines when producing 

a “thick walled product which needs longer holding and cooling time”.2 

 

2. Installed Metering Adjustment: Based on the product specifications, the Haitian contact estimated that 

the installed machine would consume 56% less energy than the assumed baseline machine. This 

provided estimate is shown on the left side of Table 8. This estimate aligns with Haitian product 

documentation which states that savings of 20% - 80% compared to baseline are possible depending 

                                                
2 http://66.39.43.227/pdf/Mars_Brochure.pdf 
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on the product produced.2 This estimate provided was based on a generic 37.5-second cycle time. The 

actual cycle times over the monitoring period were not provided, but the evaluation estimates 

substantially longer cycles times based on the data provided. The savings achieved by the installation 

of a Mars machine over a Saturn machine typically increases as the cycle time increases since the Mars 

machines use very little power during the cooling portion of each cycle. The evaluation therefore 

believes the 56% reduction is conservative for this project. Using the 56% estimated and the 

evaluation’s monitoring of the installed machine, this baseline average power estimate was calculated 

as 5.74 kW / (1 - 56%) = 13.05 kW.  The evaluation views this is as the lower bound of potential 

baseline operating kW. 

 

3. Calibrated Cycle Time Based Estimate: The evaluation calculated a third estimate of baseline kW by 

calibrating the cycle time of the Haitian provided operating profile to the observed operating kW of the 

installed machine. The evaluation used a single day from the monitoring period over which the 

production data stated that the machine ran 22 of 24 hrs.3 The average 7.5 kW observed in the 

monitoring data during this day is assumed be operating kW with 2 hours of downtime. The full 

operating kW of the machine is estimated to be: 

𝑘𝑊𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑−𝐹𝑢𝑙𝑙 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑜𝑛 =  
7.5 𝑘𝑊𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑−𝑀𝑜𝑛𝑖𝑡𝑜𝑟𝑒𝑑

(
22 ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑝𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛
24 ℎ𝑜𝑢𝑟𝑠 𝑜𝑓 𝑚𝑜𝑛𝑖𝑡𝑜𝑟𝑖𝑛𝑔

)
= 8.1 𝑘𝑊  

The cycle time, based on the 22 hours of operation and 626 cycles completed was 126.8 seconds. The 

evaluation modified the seconds in the Charging and Cooling phases until the total cycle time equalled 

126.5 and the Mars kW estimate was 8.1 kW. This analysis is shown on the right side of Table 8. This 

analysis demonstrates the impact of extended cycle times on equipment consumption and savings. In 

order for the estimated demand to equal the monitored demand, most of the time adjustment must be 

applied to the Cooling phase. This increases the demand reduction estimate from 56% to 71%, but 

reduced the baseline kW from 30.7 kW to 27.9 kW. 

Table 8: Estimates of machine power based on cycle time 

Estimates of machine power 
based on cycle profile 

Manufacturer Provided Estimate Adjusted Cycle Time 

Original Saturn Mars Modified Saturn Mars 

Time kW kW Time kW kW 

Process Mold Close 3.5 36.5 13.9 3.5 36.5 13.9 

Injection 2.0 31.0 30.9 2.0 31.0 30.9 

Hold 3.0 42.3 3.5 5.0 42.3 3.5 

Charging 7.0 38.0 34.4 22.0 38.0 34.4 

Cooling 16.0 24.0 0.0 88.0 24.0 0.0 

Mold Open 4.0 31.9 27.8 4.0 31.9 27.8 

Eject 2.0 28.9 17.4 2.0 28.9 17.4 

TOTAL 37.5     126.5     

WEIGHTED AVERAGE DEMAND (kW)   30.7 13.5   27.9 8.1 

ESTIMATED DEMAND REDUCTION (%)     56%     71% 

 

                                                
3 The evaluation used 01/27/16. These results were compared to 02/02 and 02/18 which also had high runtimes. While the results were similar, 

01/27 was selected as it results in a more conservative estimate.  

http://www.dnvgl.com/
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Final evaluated savings are based on the results of the third calculation discussed. The evaluation believes 

the 71% demand reduction is appropriate for the long cycle times and the calculated baseline power aligns 

with the baseline power of 29.0 kW estimated in the first calculation (25% lower than TA proxy monitoring). 

Hourly baseline energy in the 8760 analysis is calculated from the estimated installed case energy using: 

𝑘𝑊ℎ𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒−𝐻𝑜𝑢𝑟 = 𝑘𝑊ℎ𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑−𝐻𝑜𝑢𝑟 ÷ (1 − 71%) 

The average baseline power for all operating hours, inclusive of machine downtime, was calculated to be 

19.67 kW over 6,129 operating hours. Total baseline energy consumption was estimated to be 120,564 kWh 

annually, 74% of the TA baseline estimate. 

 

Annual Energy Savings 

Hourly energy savings was calculated using the following equation for each hour in the 8,760 analysis 

spreadsheet. 

𝐻𝑜𝑢𝑟𝑙𝑦 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = 𝑘𝑊ℎ𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒−𝐻𝑜𝑢𝑟  − 𝑘𝑊ℎ𝐼𝑛𝑠𝑡𝑎𝑙𝑙𝑒𝑑−𝐻𝑜𝑢𝑟 

Annual energy savings is calculated as the sum of all hourly energy savings and equal to 85,406 kWh per 

year. Table 9 shows a summary of the evaluated savings calculation. 

Table 9: Evaluation calculation summary 

Savings Quantity Baseline Installed 

Operating Hours 6,129 

Average Operating Power (kW) 19.67 5.74 

Annual Energy Consumption (kWh) 120,564 35,158 

Annual Energy Savings (kWh)   85,406 

Percent Reduction   71% 

 

On-Peak Energy and Peak Demand Savings 

The percent on-peak energy savings and demand savings (kW) achieved was calculated using the same 

8,760 spreadsheet and the hours specific to each peak period. Percent on-peak savings was calculated as 

the sum of hourly savings during the peak period divided by the annual savings estimated. Peak demand 

savings was calculated as the sum of hourly energy savings during the seasonal peak periods divided by the 

total hours associated with the period. 

  

http://www.dnvgl.com/
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 10 summarizes 

evaluation results. The primary reason for the variances in project impact is the reduction in assumed 

baseline operating power from the tracking analysis to the evaluation.  

Table 10: Project Results 

Impact Paramter Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 125,411 85,406 68% 

% of Energy Savings on Peak 67% 69% 104% 

Summer On-Peak Demand (kW) 20.9 15.3 73% 

Winter On-Peak Demand (kW) 20.9 13.8 66% 

Comparison of Assumptions 

The evaluation analysis assumed a flat savings percentage between the installed machine and baseline 

based on discussions with the manufacturer and their estimates of power at different parts of the cycle. Due 

to the significantly shorter cycle time that data from the manufacturer supplied relative to the longer cycle 

time at this site, the baseline energy could differ from the evaluation estimate resulting in an overly 

conservative evaluation savings estimate. Higher cycle times typically result in a greater difference in power 

consumption between hydraulic and electric machines. However, this estimate was deemed more accurate 

than the one used in the tracking analysis, where a 1969 hydraulic machine was used to estimate a new 

hydraulic machine’s operating power.  

Discrepancy Analysis 

The primary driver of the savings variance is the difference in baseline machine power assumed. The 

baseline machine was assumed to be a Haitian Saturn SA4700/2950 by both the program and evaluation. 

However, the power monitoring data REED 500TES manufactured in 1969 was used to generate the tracking 

baseline power. In speaking with engineers at Haitian, the SA4700/2950 would be, at the very least, 25% 

more efficient than the monitored REED machine. The evaluation has estimated the average baseline power 

across all operating hours to be 19.7 kW based an analysis calibrating installed machine specifications to 

monitored power and estimated cycle time.  This is compared to 27.1 kW in the tracking analysis if the 70% 

utilization rate is applied to the 38.7 kW machine operating power. 

Table 11 compares the key project parameters. In this table the 70% machine utilization factor used in the 

TA analysis has been applied to the machine operating power.  

Table 11: Discrepancy Summary 

Parameter Tracking Evaluated Discrepancy Impact on Results 

Baseline average 
operating power (kW) 

27.1 19.7 -7.4 
Reduces savings. Primary driver of variance in 
all impact parameters.  

Installed average 

operating power (kW) 
6.2 5.7 -0.4 Both result in small increase in savings, but do 

not overcome the reduction in savings due to 
the baseline operating power discrepancy.  Annual Operating Hours 6,000.0 6,129.0 129.0 

http://www.dnvgl.com/
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Improvement Opportunities 

The accuracy of the tracking savings calculation would have been better if a more recent or new hydraulic 

machine was used to estimate consumption. Achieving ideal baseline metering is impossible so proxy 

metering is often completed. While using proxy metering of existing hydraulic machines is a best practice to 

estimate baseline consumption, the program should account for improvements in machine design over time 

and limit the age of machine that can be used as a proxy. For example, the program could limit the use of 

proxy metering to machines less than 10 years old. Additionally, the evaluation recommends that the 

program acquire a consumption estimate from the equipment vendor specific to an expected part. Energy 

savings could then be estimated based on the percent savings shown in the manufacturer’s consumption 

estimate and available metering data. In this case, if Haitian had provided a consumption estimate for both 

the Saturn and Mars machines, the program could have based savings on the estimates provided and the 

metering of the previously installed Mars machine. 

http://www.dnvgl.com/
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PROJECT DESCRIPTION 

This was one of three projects completed simultaneously at the same facility. The other two projects were 

classified as Custom HVAC not sampled for the evaluation. The sampled project installed a controller that 

interlocks a dishwasher with a kitchen exhaust fan (EF) that is located above the dishwasher. This interlock 

arrangement enables the exhaust fan to operate only when the dishwasher is ON (powered ON, washer may 

not be running). This kitchen has multiple make-up-air units (MAU) which replace the air exhausted by 

multiple exhaust fans operating in the kitchen. The MAU serving the area with the kitchen exhaust fan is a 

new unit with a heat pump installed at the same time as this project.  The new unit replaced an electric strip 

heat MAU.  

The installed measure not only lowers the exhaust fan run hours, but also reduces the energy required to 

condition the make-up air. Prior to the installation of the interlock control, the dishwasher exhaust fan was 

controlled manually and was reported to run continuously 24 hours a day and 7 days a week during the 

winter-season and turned OFF majority of the time during the off-season (mid April-mid November) except 

during some private events.  

Table 1 shows the overall evaluation results for this project. The percent on-peak energy and the summer 

and winter on-peak demand savings (kW) was zero in tracking. The primary driver of the savings variance is 

an increase the heating load avoided due to the project. This increase in avoided load is due to an increase 

in the interior temperature assumed and the reduction in EF operation during occupied kitchen hours. These 

details are explained in detail in the evaluation section of this report.  

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 10,481 14,254 136% 

% of Energy Savings on Peak 0.0% 34.5% N/A 

Summer On-Peak Demand (kW) 0.00 0.1 N/A 

Winter On-Peak Demand (kW) 0.00 2.5 N/A 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project including the tracking analysis’ (TA) pre-retrofit assumptions, post-retrofit equipment 

specification, tracking calculation method along with the underlying assumptions that were used. Finally, this 

section also goes over a few limitations of the tracking savings methodology identified by the evaluator. 

Three energy conservation measures (ECMs) were discussed in the TA study, energy savings were estimated 

in the same spreadsheet, and all were installed simultaneously. Each ECM was recorded by National Grid as 

a separate project.  

 ECM-1 was a retrofit of the kitchen exhaust system, including two new roof top ventilation units, and 

MeLink kitchen exhaust hood controls. This project (2904799) was recorded as Custom HVAC and 

not considered part of the population for this impact evaluation study. The tracked annual energy 

savings was 333,750 kWh. 

 ECM-2 was the installation of interlock controls on the dishwasher exhaust fan, is the subject of this 

report, and is discussed in detail below. MAU fan energy and load are based on the air exhausted by 

the dishwasher fan only. The tracked annual energy savings was 10,481 kWh.   

 ECM-3 was the replacement of the all-electric MAU that serves the kitchen with a similarly sized heat 

pump MAU.  This project (2904777) was recorded as Custom HVAC and not considered part of the 

population for this impact evaluation study. The TA assumed ECM-1 and ECM-2 were installed when 

estimating the savings for this project. Specifically, the TA analysis assumed that the MAU did not 

run during unoccupied hours in either the baseline and proposed condition. The tracked annual 

energy savings was 42,794 kWh. 

ECM-2 Description 

The key elements of this ECM were: 

 Installation of a controller that interlocks a dishwasher with a kitchen exhaust fan (EF) that is 

located above a dishwasher. This interlock control enables the EF to only operate when the 

dishwasher is ON and turns the EF off when the dishwasher is OFF. 

 Prior to the project, EF control was via manual switch. 

 This measure was installed in a winter resort’s main lodge kitchen. 

The TA estimated energy savings using a bin analysis spreadsheet. The calculation assumed that installation 

of the interlock control would eliminate 2,076 hours of fan operation during un-occupied periods in the 

heating season. The analysis assumed the heating season was all hours below 60°F dry-bulb in the TMY file 

used. The analysis used multiple steps to calculate the 2,076 hours. In the first step hours were estimated 

based on an assumed number of weeks per year and hours per day. In the second step, ratios from the first 

step were applied to the TMY2 hours per bin. The calculations appear to overestimate the number of hours 

of operation expected to be avoided. The TA analysis also includes estimates of interactive heating savings 

due to the reduced make-up air unit operation. No energy savings were estimated for temperatures above 

60°F dry-bulb. 



 

Page 3 of 16 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA.  MA CIEC Project 47 – Site Report 
 

 

Both EF and MAU fan demand was estimated using fan affinity laws using airflow, fan efficiency, and motor 

efficiency. The interactive MAU heating savings was estimated assuming electric resistance heating only. The 

TA report does not discuss the MAU in the ECM-2 description. However, the ECM-3 description does state 

that “RT-4 supplies outdoor make-up air to the kitchen area” and specifications for the new RT-4 resulting 

from ECM-3 are provided in the TA report.  

Pre-retrofit Condition 

The pre-retrofit energy consumption estimated for 2,076 hours below 60°F dry-bulb equals the energy 

savings estimated for the project. The TA analysis assumed that the ECM would eliminate this consumption. 

Table 2 shows the key pre-retrofit parameters utilized in the tracking analysis to estimate savings.   

Table 2: Pre-retrofit Key Parameters 

Parameter Value(s) Note 

Exhaust fan air flow rate (CFM) 500 Taken from mechanical schedule 

Exhaust Fan Static Pressure (in.w.c.) 0.70 Taken from mechanical schedule 

Exhaust Fan Motor Efficiency 75% Estimated value  

Exhaust Fan Mechanical Efficiency 55% Estimated value  

Exhaust Fan Demand (kW) 0.1 
Calculated using fan law: CFM x Static Pressure x 

0.7457 / 6,356 / Fan efficiency / Motor efficiency 

Exhaust Fan HP 0.25 Value not used in the analysis 

MAU air flow rate (CFM) 500 Matched to EF cfm 

MAU Fan Static Pressure (in.w.c.) 2.00 Taken from mechanical schedule 

MAU Fan Motor Efficiency 90% Estimated value. (new premium eff. Motor)  

MAU Fan Mechanical Efficiency 55% Estimated value  

MAU Fan Demand (kW) 0.24 
Calculated using fan law: CFM x Static Pressure x 

0.7457 / 6,356 / Fan efficiency / Motor efficiency 

Heating season, Unoccupied kitchen hours 2,076 Calculated 

Heating season, indoor temperature Tin 68˚F Provided by customer 

MAU heating COP 1.0 Electric resistance heating 

 

Hourly bin analysis was used to calculate the total energy savings. Total demand per bin was estimated as 

the sum of EF demand, MAU fan demand and MAU heating demand (Equation 1). MAU heating demand was 

estimated as the demand required to replace the heat lost in the exhausted air (Equation 2).  

Equation 1 

Total demand per bin (kW) = Exhaust Fan Demand + MAU Fan Demand + MAU Heating Demand 

Where, 

Equation 2 

MAU heating (kW)   = 1.08 * 500 CFM * (Tin-Tout) / 3413 

Exhaust fan demand (kW) = 0.10 kW (Calculated based on fan laws) 

MAU fan demand (kW)  = 0.24 kW (Calculated based on fan laws, portion of total fan demand) 

Then, 

Equation 3 
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Energy savings per bin (kWh) = Total demand per bin (kW) * Total bin hours 

Table 3 shows the bin analysis completed to estimate TA savings. The 10,481 shown in the table is the 

energy savings claimed for the project. The post-retrofit condition was expected to eliminate this energy 

consumption. 

Table 3: TA, Energy savings bin analysis 

Avg. Bin 

Temp  
Unoccupied 

Hours 
EF 

Demand 

MAU Fan 
Demand 

MAU Heating 
Demand Total Demand 

Total 
Unoccupied 

˚F (Tout) Off Peak kW kW kW kW 
Off peak 

kWh 

57.5 275  0.10   0.24   1.66   2.00  549  

52.5 225  0.10   0.24   2.45   2.79  627  

47.5 215  0.10   0.24   3.24   3.58  770  

42.5 212  0.10   0.24   4.03   4.37  925  

37.5 303  0.10   0.24   4.83   5.16  1,562  

32.5 297  0.10   0.24   5.62   5.95  1,766  

27.5 217  0.10   0.24   6.41   6.74  1,461  

22.5 107  0.10   0.24   7.20   7.54  809  

17.5 113  0.10   0.24   7.99   8.33  941  

12.5 81  0.10   0.24   8.78   9.12  739  

7.5 26  0.10   0.24   9.57   9.91  254  

2.5 7  0.10   0.24   10.36   10.70  78  

Total 2,076     10,481 

 

Evaluator assessment of tracking savings 

These following key points were observed in the tracking saving calculation: 

All energy savings were due to eliminating consumption during unoccupied hours in the winter-

season. This assumption was a simplification and the TA report stated it would results in a 

conservative estimate of savings.  

a. However, the analysis appeared to over-estimate the number of unoccupied hours occurring 

during the heating season. This was the result of applying a ratio developed from the kitchen 

operating schedule to annual TMY2 hours in specific temperature bins. A more accurate 

depiction of the kitchen schedule and associated temperatures can be created using an 

8,760 hour spreadsheet analysis. 

b. On the other hand, facility staff informed the evaluation that the facility is open some days 

during the summer for private events. These summer hours were not included in tracking 

calculation.  

Overall, the TA analysis was reasonable given then assumptions made.  
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions that will be used to evaluate the savings for the 

project. 

The evaluation was conducted in the following five steps. 

1. Contacted the customer and scheduled a site-visit. During the call with the customer, we collected some 

information about the facility operation (during summer) and MAU specifications before the site visit. 

2. Conducted a comprehensive interview with the facility manager/staff to collect measure related 

operational parameters during the site visit. 

3. Performed measure verification and installed power meters/data loggers to measure performance data 

4. Performed engineering analysis to evaluate the savings 

5. Reported the evaluation results 

Measure Verification 
The measure was verified to be installed and operating as intended. Table 4 shows how each measure was 

verified to be installed and operating.  

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

Exhaust Fan Interlock Control 
Site interview, visual verification, & 

Primary data logging 
Installed and operating as intended 

Data Collection 

During the on-site customer interview, the following information was collected regarding the affected 

measures:  

▪ The year can be split into two seasons: winter (S1) and non-winter (S2). The site provided the following 

normal start and end dates for each season. 

o Season 1 (S1): Winter season (November 16th –April 15th). The kitchen is open every day 

during Season 1. Kitchen hours are generally 5:00 AM – 8:00 PM during this season. 

o Season 2 (S2): Non-winter season (April 16th- November 15th). The kitchen is open 50-60 days 

(typically) during Season 2 for private events like weddings or private office trainings/parties. 

The customer did not have any clear sense of when these events are held i.e. during the 

weekends or during the weekdays and during any specific months during the summer or fall. 

The TA did not estimate any energy savings due to the measure for these days. 

▪ Before the project, the EF operated 24x7 during the winter-season and during the 50-60 days of non-

winter kitchen use. The site contact stated that the staff were supposed to turn off the fan before they 

shut-down the kitchen, but that most of the time it was left ON at night in the pre-retrofit condition. This 

aligns with the TA analysis assumption of continuous unoccupied operation at night during the heating 

season. 
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▪ The exhaust fan motor was observed to be 1/3 HP instead of the ¼ hp shown in the TA spreadsheet. A 

picture of the motor nameplate was taken. The nameplate did not provide the motor efficiency. 

▪ During the site visit, the evaluator observed the EF was operating continuously when the dish washer 

power was ON not just when washing the dishes but when it was idling too. The evaluators observed the 

fan turn off when the dishwasher was turned off. 

▪ The evaluation confirmed that no dedicated MAU exists for the dishwasher exhaust fan. The kitchen MAU 

provides the necessary air to the whole kitchen to maintain the building pressure. The new MAU supply 

fan is rated 3 HP, 4000 CFM and 75% motor efficiency.  

The EF electrical panels were too small for the Elite loggers and there was no variable frequency control on 

the EF so a time-of-use (TOU) logger was used capture the EF % time ON. Table 5 shows the data collected 

on-site as part of the evaluation effort. Table 6 shows the data collected averaged into hourly day of week 

profiles. The coloring shows clearly shows the days and hours with highest fan use (high use in red, medium 

use in yellow and zero use in green). This confirms that the fan is turning off as expected. EF operating 

hours are easily identified between 6:00 AM to 10:00 PM, 7 days a week.  

Table 5: Evaluation Data Collection – Post-retrofit equipment 

Parameter 
M&V Equipment Brand 

and Model 
Metering Start/Stop Dates 

Metering 

Interval 

Hours of operation (Exhaust Fan) TOU logger December 22nd, 2015-April 15th,2016  N/A 

Interior Temperature ˚F Hobo Temperature logger December 22nd, 2015-April 15th,2016  5 minutes 

Table 6: Evaluation monitoring results, averaged by day of week and hour of day 

Monitoring Period, % EF Runtime  Monitoring Period, Avg. Indoor Temperature (˚F) 

Hour Sun Mon Tue Wed Thu Fri Sat  Hour Sun Mon Tue Wed Thur Fri Sat 

1 0% 0% 0% 0% 0% 0% 0%  1 74 73 72 72 73 73 73 

2 0% 0% 0% 0% 0% 0% 0%  2 73 73 72 72 73 73 72 

3 0% 0% 0% 0% 0% 0% 0%  3 72 72 71 72 72 73 72 

4 0% 0% 0% 0% 0% 0% 0%  4 72 72 71 71 72 72 71 

5 0% 0% 0% 0% 0% 0% 0%  5 71 71 71 71 72 72 71 

6 32% 3% 0% 8% 0% 0% 29%  6 71 71 70 70 71 71 70 

7 68% 77% 0% 11% 3% 68% 77%  7 71 70 70 69 71 70 70 

8 65% 66% 20% 31% 20% 66% 64%  8 73 71 71 70 73 71 72 

9 66% 56% 76% 72% 68% 63% 79%  9 74 72 72 71 73 72 73 

10 85% 82% 78% 81% 73% 85% 88%  10 74 72 73 72 74 73 74 

11 89% 91% 80% 87% 71% 84% 82%  11 75 73 74 73 75 73 75 

12 81% 82% 70% 70% 73% 71% 83%  12 75 73 74 74 75 74 75 

13 84% 79% 75% 75% 82% 91% 95%  13 75 74 74 74 75 74 75 

14 82% 69% 55% 56% 65% 84% 92%  14 75 74 74 74 75 74 76 

15 84% 68% 61% 60% 51% 77% 93%  15 75 74 74 74 75 74 76 

16 59% 62% 72% 70% 52% 79% 84%  16 75 74 74 74 75 75 76 

17 82% 69% 68% 74% 53% 78% 96%  17 76 74 74 75 75 75 76 

18 81% 64% 69% 64% 60% 79% 97%  18 76 74 74 75 75 75 76 

19 68% 85% 44% 65% 57% 69% 78%  19 76 74 74 75 75 75 77 

20 77% 79% 52% 60% 55% 89% 84%  20 76 74 74 75 75 75 76 

21 95% 59% 57% 51% 54% 82% 82%  21 75 74 74 75 75 75 76 

22 16% 8% 1% 22% 5% 35% 26%  22 75 74 74 74 75 75 76 

23 0% 0% 0% 0% 0% 21% 0%  23 74 74 73 74 75 75 75 

24 0% 0% 0% 0% 0% 0% 4%  24 74 73 73 74 74 74 74 
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Baseline Review 

The evaluators interviewed the facility personal during the site visit regarding the pre-retrofit condition. 

Based on this interview, the evaluation concludes that this project was correctly classified as a retrofit and 

that the pre-project manual fan control is the baseline. 

The evaluation agrees that the assumed MAU unit serving the kitchen should be the pre-retrofit strip-heat 

unit instead of the currently operating unit.  

Evaluation Savings Analysis 

This section describes the evaluation analysis and how the data collected was used to estimate annual 

energy savings. All evaluation analysis was performed in spreadsheets. The final step in the analysis used an 

8,760-hourly analysis to determine energy and peak demand savings. The first step in the analysis was the 

estimation of the duty cycle or percent runtime of the EF during every hour in the year. 

Exhaust fan operating hours 

The installed measure reduced the operating hours of the dishwasher EF. The evaluation used two different 

seasons to identify active kitchen days and then estimated operating hours for each case during these days. 

Different assumptions were used to determine the EF runtime hours within each active kitchen day: 

1. Season 1 (S1): Winter season is assumed to be November 16th –April 15th based on the onsite 

interview. These days are in general agreement with historic open and close dates for the facility 

found on one web page.  The kitchen is open every day during S1. 

a. Baseline Hours – The site stated that most of the time the EF was left on. The evaluation 

assumed the EF ran during 80% of unoccupied hours during this season and 100% of 

occupied hours. The 80% value is an estimate based on evaluator judgment and the site’s 

statement.  

b. Installed Hours – The EF runs according to the profile shown in Table 6. When extrapolated 

to the year in the 8,760 spreadsheet, total S1 annual EF runtime is 1,630 hours. The MAU 

runs continuously during active kitchen hours, but the load on the unit is reduced when the 

EF is not running. This extrapolation assumes that the profile observed during the 

monitoring period is normal. The data was collected over a warmer than average winter and 

it is unknown what impact the temperature had on dishwasher use in the kitchen. The profile 

is the best information available and assumed to be representative of normal. The majority 

of project savings occur at night due to the assumed elimination of EF operation. The 

collected data show this occurring. 

2. Season 2 (S2): Non-winter season (April 16th- November 15th). Based on the site personnel 

interview, in a typical year the kitchen will be open 50-60 days for private events like weddings or 

office trainings etc.  Evaluation analysis assumed that the office events will be held during the 

weekdays and weddings during the weekends. To match the customer’s typical days of use during 

S2, evaluator assumed that the kitchen is open for 7 days once every 4 weeks. This results in 56 

days of kitchen use during S2. 
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a. Baseline Hours – The evaluation assumed the EF ran during 60% of unoccupied hours during 

this season and 100% of occupied hours. The 60% value is an estimate based on evaluator 

judgment and the site’s statement. This equals 1,050 hours of operation. 

b. Installed Hours – The EF was assumed to run according to the kitchen schedule shown in the 

TA study. This provided schedule was M-F (8:00 AM- 5:00 PM) and S&S (10:00 AM-10:00 

PM). During these hours, the EF %runtime is determined using the profile in Table 6. Total 

estimated EF runtime is 440 hours. Again, any reduction in EF runtime reduces the load MAU 

load during active kitchen hours. 

Table 7: Evaluation, EF operating hours by season 

Season Baseline  Installed Change % Change 

S1: Winter (November 16th –April 15th) 3,421 1,630 1,792 52% 

S2: Non-winter (April 16th- November 15th) 1,050 440 609 58% 

Total Annual Operating Hours 4,471 2,070 2,401 54% 

 

Equipment demand 

The next step of the calculation determines the total operating demand for each piece of equipment. The 

total demand (kW) in both Pre- and Post- retrofit cases was calculated using the following equation for every 

hour with EF operation: 

Equation 4 

Total demand (kW) any hour  = EF demand (kW) + MAU Fan kW + MAU Heating kW +  

MAU Cooling kW  

Where, 

1) EF demand (kW): Demand of the exhaust fan only 

2) MAU Fan (kW): Demand of the make-up air fan sending air back into the building 

3) MAU Heating (kW): Electric resistance heating used to warm make-up air during the winter season. 

4) MAU Cooling (kW): Cooling compressor demand only, cooling season only 
 

The following sections describe the data and methods used to estimate each component of Equation 4 for 

the baseline and installed cases. 

 

Exhaust fan demand (kW) 

The exhaust fan demand for each active kitchen hour was calculated using Equation 5.  

Equation 5 

EF demand (kW) = EF Motor nameplate HP * 0.7457 * %time ON at that hour * Motor LF / Motor efficiency 

 

Where,  

EF Motor nameplate HP   =  1/3 HP (observed by evaluation) 

%time ON    =  Baseline: Varies based on assumptions 
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Installed: Based on monitored data using TOU logger 

Motor LF (Load Factor)   = 60% (assumed by evaluation) 

EF name plate mechanical efficiency  =  75% (assumed by evaluation) 

The equation above resulted in an estimated the motor operating demand of 0.20 kW, when the %time ON 

is 100%. This is 100% higher than the TA estimate of 0.10 kW based on the design CFM, static pressure, 

and assumed fan efficiency. The evaluation believes the higher estimate is more reasonable based on the 

existence of a 1/3 HP motor. The evaluation analysis therefore assumes that any time the kitchen was 

occupied, the baseline EF demand is 0.20 kW. 

MAU fan demand (kW) 

The kitchen MAU provides the necessary air to maintain positive pressure in the space by replacing the 

exhausted air. For this project, the 500 CFM exhausted by the EF must be replaced. The kitchen MAU is 

assumed to be the new unit, rated at 4000 CFM and powered by 3 HP fan motor controlled by VFD.  

Estimated VFD efficiency losses were included in the estimated motor load factor. The following equation 

was used to estimate maximum MAU fan demand. 

Equation 6 

MAU fan max demand (kW) =  MAU Fan Motor nameplate HP * 0.7457 * Motor LF / Motor efficiency 

 

Where,  

MAU motor nameplate HP   =  3 HP (observed by evaluation) 

Motor LF (Load Factor)   = 80% (assumed by evaluation) 

EF name plate mechanical efficiency  =  89.8% (3 HP premium eff.) 

The equation above resulted in an estimated maximum motor operating demand of 1.99 kW at full speed. At 

100% speed, the fan is assumed to be providing 4,000 CFM. The analysis must adjust the value to estimate 

savings due reducing building exhaust by 500 CFM and therefore needing less MAU CFM. The following 

ASHRAE regression was used to estimate percent fan power based on percent speed or percent CFM when 

the percent CFM was greater than 26.5%. The curve reaches its minimum value of 10.4% power at 26.5% 

speed, so the evaluation set the percent demand to 10.4% for all percent CFM less than or equal to 26%. 

The curve accounts for reductions in motor efficiency at lower speeds and is therefore more accurate than 

an exponential curve. At percent CFM values greater than 50%, the curve is nearly equivalent to the 

equation %Fan Power = (%Fan Speed)^2.4. Figure 1 shows a comparison of the two curves. 

Equation 7 – When %CFM > 26.5% 

Fan Percent Demand (%) = A + B * (%CFM) + C * (%CFM)^2 

Where, 

Table 8: Evaluation, assumed VSD controlled fan curve 

ASHRAE 90.1 Fan Curves A B C 

VSD control 0.219762 -0.874784 1.652597 
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Figure 1: Evaluation, comparison of ASHRAE and exponential fan curves 

 

The evaluation used the following assumptions in the model: 

1. Baseline Unoccupied hours: In the baseline during unoccupied periods, the only equipment 

exhausting air from the building is the dishwasher exhaust fan. The evaluation therefore assumed 

that the MAU would run constantly at reduced speed to make-up the 500 CFM being exhausted.  It is 

assumed that the unit will run to maintain a pressure setpoint.  The percent fan speed is 12.5% 

(500 CFM / 4,000 CFM). Using the ASHRAE equation for fans with VFDs, the percent of maximum 

fan power was estimated to be 10.4%. The baseline fan demand during unoccupied kitchen hours 

was therefore estimated to be 10.4% * 1.99 kW = 0.21 kW. This value is lower than the 0.24 kW 

assumed by the TA which estimated the percent power at 12.5%. 

2. Baseline Occupied Hours: During occupied baseline hours, the MAU fan is assumed to operate at 

100% speed equal to 4,000 CFM. 

3. Installed Unoccupied Hours: During unoccupied kitchen hours in the installed case when the EF does 

not run, the MAU fan is assumed to not operate. During unoccupied kitchen hours in the installed 

case when the EF does run, the MAU fan is assumed to operate at minimum demand to maintain 

building pressure 

4. Installed Occupied Hours: During installed occupied hours, the MAU fan is assumed to always be on 

and operate at slightly lower speed in response to EF status. The speed of the fan is assumed to 

reduce based on the avoided EF runtime. For example, Table 6 estimates that the EF runs 85% of 

the 10 AM hour on Sundays. The average CFM exhausted by the EF during this hour is 85% * 500 

CFM = 425 CFM. The average MAU fan speed during this hour is therefore estimated at (3,500 + 

425) / 4,000 = 98.1%. The fan power at this speed is estimated using the ASHRAE fan regression 

equation.   
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MAU heating demand (kW) 

The evaluation agrees with the energy balance methodology used by the TA and used the same method for 

estimating MAU demand. The COP of the heating system is assumed to be 1.0. The following equation was 

used to estimate the heating demand for each hour. 

Equation 8 

MAU Heating demand (kW) =  1.08 * CFM * (Tin - Tout) / 3413 / COP 

Where,  

CFM = Calculated MAU CFM for hour and case 

Tin =  Interior temperature take from Table 6 profile. 

Tout =  Outside temperature from TMY file 

COP =  MAU efficiency = 1.0 for electric resistance heating 

MAU Cooling demand (kW) 

During the summer, the kitchen is open for few private events. MAU cools the air to maintain the space 

temperatures. The evaluation calculated this cooling load and MAU cooling demand using the equation below 

for each hour. The cooling efficiency was taken from equipment specifications. Based on the limited number 

of warmer weather operation hours discussed above, only 129 cooling hours in the model, the cooling 

impact was minimal as shown in Table 9 below.   

Equation 9 

MAU Cooling kW= (
4.5∗CFM∗(h enthalpy(out) – h enthalpy (in)) 

12000
) tons ∗ 1.085 (

kW

ton
)  

Where: 

CFM   = Calculated MAU CFM for hour and case) 

h out   = TMY3 enthalpy,  

h in  = Interior design enthalpy,  

Occupied @ 72˚F, 50% RH = 26.5 Btu/lb;  

Unoccupied@ 78F,60% RH =32.47 Btu/lb. 
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Annual Energy Savings 

Total hourly consumption was calculated for the baseline and installed cases for all 8,760 hours in the year. 

Hourly savings was calculated for each hour and annual savings equaled the sum of the hourly savings 

calculated. On-peak energy and demand savings are calculated directly in the 8,760 spreadsheet. On-peak 

demand savings is calculated as the average hourly savings during identified on-peak hours. Table 9 

summarizes the evaluation analysis. 

Table 9: Evaluation, savings summary 

Parameter Baseline Installed Savings 

Annual EF Operating hours 4,471 2,070 2,401 

EF Demand (kW) 0.20 0.20 0.00 

EF Energy (kWh) 889 412 477 

Annual MAU Operating Hours 4,471 3,218 1,253 

MAU Avg. Fan Demand (kW)             1.35               1.63                  (0.27) 

MAU Fan Energy (kWh) 6,057 5,239 818 

MAU Heating Energy (kWh) 23,097 10,164 12,933 

MAU Cooling Enegy (kWh) 86 60 26 

Total Energy (kWh) 30,129 15,875 14,254 

% of Energy Savings on Peak     35% 

Summer On-Peak Demand (kW)     0.1 

Winter On-Peak Demand (kW)     2.5 
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.  Table 10 summarizes 

evaluation results by measure and project. 

Table 10: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Controls on 

dishwasher EF 

Electric energy (kWh) 10,481 14,254 136% 

% of Energy Savings on Peak 0% 34.5% N/A 

Summer On-Peak Demand (kW) 0 0.1 N/A 

Winter On-Peak Demand (kW) 0 2.5 N/A 

 

Comparison of Assumptions 

Table 11 compares the values of key parameters and results between the tracking and evaluation analyses.  

Table 11: Comparison of Key Parameters 

  PRE-RETROFIT Post-retrofit Savings 

Parameter 
Tracking Evaluation Tracking Evaluation Tracking Evaluation 

Value(s) Value(s) Value(s) Value(s) Value(s) Value(s) 

Annual EF Operating hours 6,229 4,471 4,153 2,070 2,076 2,401 

EF Demand (kW) 0.10 0.20 0.10 0.20 0.00 0.00 

EF Energy (kWh) 620 889 413 412 207 477 

Annual MAU Operating Hours 6,229 4,471 4,153 3,218 2,076 1,253 

MAU Avg. Fan Demand (kW) 0.24 1.35 0.24 1.63 0.00 (0.27) 

MAU Fan Energy (kWh) 1,476 6,057 984 5,239 492 818 

MAU Heating Energy (kWh) 29,347 23,097 19,565 10,164 9,782 12,933 

MAU Cooling Energy (kWh) 0 86 0 60 0 26 

Discrepancy Analysis 

The primary driver of the savings variance is an increase in the heating load avoided due to the project. This 

increase in avoided load is due to an increase in the interior temperature assumed and the reduction in EF 

operation during occupied kitchen hours. The TA estimated savings assuming an interior temperature of 

68°F and evaluation model, using data collected, assumes an average interior temperature of 73°F during 

the heating season. Table 12 shows the contribution to the savings variance by equipment.  

Table 12: Discrepancy Summary 

Discrepancy 
Tracking Evaluation Savings 

Savings Savings Variance 

EF Energy (kWh) [Increase in EF kW and avoided HOU] 207 477 271 

MAU Fan Energy (kWh) [Modeling full fan kW with VSD] 492 818 325 

MAU Heating Energy (kWh) [Increase in avoided load] 9,782 12,933 3,150 

MAU Cooling Energy (kWh) [Including summer operation] 0 26 26 

Total Annual Energy (kWh) 10,481 14,254 3,773 
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Improvement Opportunities 

 It is unknown to the evaluation why the three measures were tracked as three separate projects. In the 

future, the evaluation recommends reporting one savings value for three integrated measures like the 

ones completed at this site. 

 National Grid assigned the Custom Process impact category to the evaluated measure and Custom HVAC 

to the other two measures. In the future, interactive measures completed at the same site should be 

reported in the same impact category. It was likely decided that since this measure was related to 

dishwasher use that savings were a result of a process. The evaluation recommends clear guidance for 

the program staff and future evaluations regarding the impact category that kitchen exhaust related 

measures should be reported in. There was inconsistency in how this measure was categorized between 

the PAs in the program years studied for this evaluation. 

 The original data collection plan for this site included true power monitoring of the dishwasher exhaust 

fan and make-up air unit. Power monitoring of the EF was not completed due to cabinet size which is out 

of the evaluator’s control. However, the lack of data on EF power led to uncertainty in the motor 

demand. Future evaluators should be prepared with uncertainty mitigation strategies that include 

alternative data that should be collected if the original plan is not possible.  The MAU unit was not 

monitored due to rain during the site visit. Future evaluators should understand the location electrical 

panels for any roof top units to be monitored before visiting the site. If rain is forecasted, evaluators 

should work to reschedule the visit. If events outside of the evaluation control prevent monitoring during 

the site visit, the evaluation team should recommend a return visit to the PA. 

 This project only evaluated one of the three measures since the other two were reported in a different 

impact category. Future custom evaluations should review the entire custom population for multiple 

projects and individual sites. Efforts should be taken to confirm that the unique projects are not 

interactive. If the unique projects are interactive, the group of projects should be reclassified into an 

impact category for sampling. 
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APPENDIX 

Following table shows a portion of the 8,760 analysis created for this evaluation. 

      INSTALLED  BASELINE KW    

Date 
ODB 
Tem

p (F) 

S
1

? 

Int 
Tem

p 

Occu

pancy 

Propo

sed 

Installed 

% EF 

RUNTIM

E 

MAU % 

Speed 

EF 

kW 

MAU 
Fan 

kW 

MAU 

LOAD 

from 

EF 

MAU 
Heatin

g kW 

MAU 
Coolin

g kW 

Total 
Install

ed kW 

Occup

ancy 

Baseli

ne 

Baseli

ne % 
EF 

RUNTI

ME 

EF 

kW 

MA

U 

Fan 

kW 

MAU 

LOA
D 

from 

EF 

MAU 
Reheatin

g kW 

MAU 
Coolin

g kW 

Total 
Baselin

e kW 

Total 

Hourly 
kW 

Saving

s 

1/1/13 0 33 1 72 0 0% 0% 0.0 0.0 0.0 0.0 
0.0 

0.0 1 80% 0.2 0.2 17.0 5.0 0.0 5.3 5.3 

1/1/13 1 33 1 72 0 0% 0% 0.0 0.0 0.0 0.0 
0.0 

0.0 1 80% 0.2 0.2 16.7 4.9 0.0 5.2 5.2 

1/1/13 2 34 1 71 0 0% 0% 0.0 0.0 0.0 0.0 
0.0 

0.0 1 80% 0.2 0.2 16.1 4.7 0.0 5.1 5.1 

1/1/13 3 34 1 71 0 0% 0% 0.0 0.0 0.0 0.0 
0.0 

0.0 1 80% 0.2 0.2 16.1 4.7 0.0 5.0 5.0 

1/1/13 4 34 1 71 0 0% 0% 0.0 0.0 0.0 0.0 
0.0 

0.0 1 80% 0.2 0.2 15.9 4.7 0.0 5.0 5.0 

1/1/13 5 34 1 70 1 0% 88% 0.0 1.4 0.0 0.0 
0.0 

1.4 1 100% 0.2 2.0 19.7 5.8 0.0 8.0 6.5 

1/1/13 6 34 1 70 1 0% 88% 0.0 1.4 0.0 0.0 
0.0 

1.4 1 100% 0.2 2.0 19.4 5.7 0.0 7.9 6.4 

1/1/13 7 35 1 71 1 20% 90% 0.0 1.5 4.0 1.2 
0.0 

2.7 1 100% 0.2 2.0 19.5 5.7 0.0 7.9 5.2 

1/1/13 8 35 1 72 1 76% 97% 0.2 1.8 15.1 4.4 
0.0 

6.4 1 100% 0.2 2.0 20.1 5.9 0.0 8.1 1.6 

1/1/13 9 36 1 73 1 78% 97% 0.2 1.9 15.6 4.6 
0.0 

6.6 1 100% 0.2 2.0 20.1 5.9 0.0 8.1 1.5 

1/1/13 10 38 1 74 1 80% 98% 0.2 1.9 15.5 4.5 
0.0 

6.6 1 100% 0.2 2.0 19.3 5.7 0.0 7.9 1.3 

1/1/13 11 38 1 74 1 70% 96% 0.1 1.8 13.6 4.0 
0.0 

5.9 1 100% 0.2 2.0 19.5 5.7 0.0 7.9 2.0 

1/1/13 12 39 1 74 1 75% 97% 0.1 1.8 14.2 4.2 
0.0 

6.1 1 100% 0.2 2.0 18.8 5.5 0.0 7.7 1.6 

1/1/13 13 40 1 74 1 55% 94% 0.1 1.7 10.0 2.9 
0.0 

4.8 1 100% 0.2 2.0 18.3 5.4 0.0 7.6 2.8 

1/1/13 14 41 1 74 1 61% 95% 0.1 1.8 10.9 3.2 
0.0 

5.1 1 100% 0.2 2.0 17.8 5.2 0.0 7.4 2.3 

1/1/13 15 40 1 74 1 72% 97% 0.1 1.8 13.2 3.9 
0.0 

5.8 1 100% 0.2 2.0 18.3 5.4 0.0 7.5 1.7 

1/1/13 16 39 1 74 1 68% 96% 0.1 1.8 12.9 3.8 
0.0 

5.7 1 100% 0.2 2.0 18.9 5.5 0.0 7.7 2.0 

1/1/13 17 37 1 74 1 69% 96% 0.1 1.8 13.9 4.1 
0.0 

6.0 1 100% 0.2 2.0 20.1 5.9 0.0 8.1 2.1 

1/1/13 18 36 1 74 1 44% 93% 0.1 1.7 9.1 2.7 
0.0 

4.4 1 100% 0.2 2.0 20.6 6.1 0.0 8.2 3.8 

1/1/13 19 36 1 74 1 52% 94% 0.1 1.7 10.6 3.1 
0.0 

4.9 1 100% 0.2 2.0 20.5 6.0 0.0 8.2 3.3 

1/1/13 20 36 1 74 0 57% 27% 0.1 0.2 11.7 3.4 
0.0 

3.7 1 100% 0.2 0.2 20.5 6.0 0.0 6.4 2.7 

1/1/13 21 35 1 74 0 1% 27% 0.0 0.2 0.2 0.1 
0.0 

0.3 1 100% 0.2 0.2 20.9 6.1 0.0 6.5 6.3 

1/1/13 22 33 1 73 0 0% 0% 0.0 0.0 0.0 0.0 
0.0 

0.0 1 80% 0.2 0.2 17.5 5.1 0.0 5.4 5.4 
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      INSTALLED  BASELINE KW    
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Fan 
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U 
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kW 
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D 
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EF 

MAU 

Reheatin
g kW 

MAU 

Coolin
g kW 

Total 

Baselin
e kW 

Total 

Hourly 

kW 
Saving

s 

1/1/13 23 32 1 73 0 0% 0% 0.0 0.0 0.0 0.0 
0.0 

0.0 1 80% 0.2 0.2 17.7 5.2 0.0 5.5 5.5 

1/2/13 0 31 1 72 0 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 1 80% 0.2 0.2 17.9 5.2 0.0 5.6 5.6 

1/2/13 1 33 1 72 0 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 1 80% 0.2 0.2 16.8 4.9 0.0 5.2 5.2 

1/2/13 2 33 1 72 0 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 1 80% 0.2 0.2 16.6 4.9 0.0 5.2 5.2 

1/2/13 3 35 1 71 0 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 1 80% 0.2 0.2 15.6 4.6 0.0 4.9 4.9 

1/2/13 4 35 1 71 0 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 1 80% 0.2 0.2 15.4 4.5 0.0 4.8 4.8 

1/2/13 5 34 1 70 1 8% 89% 0.0 1.5 1.6 0.5 0.0 2.0 1 100% 0.2 2.0 19.5 5.7 0.0 7.9 5.9 

1/2/13 6 33 1 69 1 11% 89% 0.0 1.5 2.2 0.7 0.0 2.2 1 100% 0.2 2.0 19.6 5.7 0.0 7.9 5.8 

1/2/13 7 33 1 70 1 31% 91% 0.1 1.6 6.1 1.8 0.0 3.4 1 100% 0.2 2.0 20.0 5.9 0.0 8.1 4.6 

1/2/13 8 34 1 71 1 72% 97% 0.1 1.8 14.6 4.3 
0.0 

6.2 1 100% 0.2 2.0 20.2 5.9 0.0 8.1 1.9 

1/2/13 9 34 1 72 1 81% 98% 0.2 1.9 16.6 4.9 0.0 6.9 1 100% 0.2 2.0 20.6 6.1 0.0 8.2 1.3 

1/2/13 10 34 1 73 1 87% 98% 0.2 1.9 18.4 5.4 0.0 7.5 1 100% 0.2 2.0 21.2 6.2 0.0 8.4 0.9 

1/2/13 11 34 1 74 1 70% 96% 0.1 1.8 15.1 4.4 0.0 6.4 1 100% 0.2 2.0 21.5 6.3 0.0 8.5 2.1 

1/2/13 12 33 1 74 1 75% 97% 0.1 1.8 16.5 4.8 0.0 6.8 1 100% 0.2 2.0 22.1 6.5 0.0 8.7 1.8 

1/2/13 13 33 1 74 1 56% 94% 0.1 1.7 12.4 3.6 0.0 5.5 1 100% 0.2 2.0 22.3 6.5 0.0 8.7 3.2 

1/2/13 14 31 1 74 1 60% 95% 0.1 1.8 14.0 4.1 0.0 6.0 1 100% 0.2 2.0 23.4 6.9 0.0 9.1 3.1 

1/2/13 15 29 1 74 1 70% 96% 0.1 1.8 17.0 5.0 0.0 6.9 1 100% 0.2 2.0 24.5 7.2 0.0 9.4 2.4 

1/2/13 16 28 1 75 1 74% 97% 0.1 1.8 18.5 5.4 0.0 7.4 1 100% 0.2 2.0 25.1 7.4 0.0 9.6 2.2 

1/2/13 17 27 1 75 1 64% 95% 0.1 1.8 16.4 4.8 0.0 6.7 1 100% 0.2 2.0 25.8 7.6 0.0 9.7 3.0 

1/2/13 18 27 1 75 1 65% 96% 0.1 1.8 16.6 4.9 0.0 6.8 1 100% 0.2 2.0 25.8 7.5 0.0 9.7 3.0 

1/2/13 19 27 1 75 1 60% 95% 0.1 1.8 15.4 4.5 0.0 6.4 1 100% 0.2 2.0 25.7 7.5 0.0 9.7 3.3 

1/2/13 20 26 1 75 0 51% 27% 0.1 0.2 13.3 3.9 0.0 4.2 1 100% 0.2 0.2 26.2 7.7 0.0 8.1 3.9 

1/2/13 21 26 1 74 0 22% 27% 0.0 0.2 5.8 1.7 0.0 2.0 1 100% 0.2 0.2 26.1 7.6 0.0 8.1 6.1 

1/2/13 22 26 1 74 0 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 1 80% 0.2 0.2 20.8 6.1 0.0 6.4 6.4 

1/2/13 23 26 1 74 0 0% 0% 0.0 0.0 0.0 0.0 0.0 0.0 1 80% 0.2 0.2 20.6 6.0 0.0 6.4 6.4 
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SUMMARY 

A hospital replaced its electric cooking equipment with natural gas fueled cooking equipment.  Ten different 

pieces of equipment were replaced, including a countertop griddle, an oven, and a char-broiler. Fuel cost 

savings result primarily from switching the fuel type from electric to gas; the lower cost of gas ($/btu) 

offsets combustion inefficiencies associated with gas-fired equipment. 

The electric savings was estimated as the difference between the pre-installed and post-installed electric 

usage metered at the electric panel serving the kitchen. The primary difference for savings between tracking 

analysis and evaluation is due to the TA assumption of how much of the electric panel load was due to the 

load served by the new gas appliances. 

It is important to note that the gas penalty of switching to gas-fired equipment was calculated in the TA 

study but was not used as part of the screening of this application; that is, the electrical savings were 

screened as if the electric cooking equipment were removed and not replaced. Had the gas penalty been 

entered properly into the screening tool, the payback period would have exceeded the measure life.  

Please note that the scope of this evaluation covers electric savings only. The gas penalty shown below is an 

estimate based on the tracking analysis assumptions. The evaluation did not include measurements of the 

installed case gas consumption as part of its gas usage calculation. 

Table 1: Project Results 

Savings Quantity Tracking Estimate 
Evaluation 

Estimate 

Realization 

Rate 

Electric energy (kWh) 163,534 125,769 76.9% 

Gas Savings (therms) -11,163 -8,585 - 

% of Energy Savings on Peak 100% 56% 56% 

Summer On-Peak Demand (kW) 42.9 21.7 50.4% 

Winter On-Peak Demand (kW) 36.5 17.8 48.8% 
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PROJECT DESCRIPTION 

The facility is a hospital.  In the pre-retrofit case, the hospital kitchen equipment is powered by electricity.  

The fuel switching measure in this project involves replacing the electric kitchen equipment with 1:1 natural 

gas-fired equivalents. A summary of the new gas equipment installed is listed in Table 2 below.  Some of the 

new gas-fired kitchen equipment does have electrical equipment associated with it; for example, the gas-

fired convection oven also utilizes two, ½ horsepower motors; however, other than the convection oven 

motors and digital screens on some of the kitchen equipment, there did not appear to be any other electric 

using equipment associated with the new gas equipment. The operating hours of the kitchen equipment is 

expected to be the same in both the pre-retrofit and proposed case. 

This project involves a natural gas penalty from the installation of the new natural gas powered kitchen 

equipment.  

Table 2: New Gas Equipment Summary 

Gas Equipment 

Countertop Griddle x 2 

Convection Oven 

Tilting Skillet 

Deck Oven 

Range 

Char-broiler 

Salamander Broiler 

Countertop Hotplate 

Hot Food Serving Counter 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project.   

Pre-Retrofit 

This section describes the pre-retrofit condition assumed in the tracking analysis. The pre-retrofit system 

involves the usage of electric kitchen equipment.  Savings for this measure are equal to the electrical kWh 

consumption of all the kitchen equipment being removed.  The tracking analyst performed metering of the 

electric panel serving the kitchen, as indicated below. 

Table 3: Pre-Retrofit Key Parameters 

  Pre-Retrofit 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Operating Hours 5,658 hours Metered Data Extrapolation 

Annual Cooking Equipment kWh Consumption 163,534 kWh Metered Data Extrapolation 

Removed Kitchen Equipment Electric Energy 

Consumption Percentage of Usage of Panel 
Measured 

70% 
Tracking Analysis 
Assumption 

  

Proposed Condition 

This section describes the proposed condition assumed in the tracking analysis. The proposed system 

involves the usage of a new natural gas consuming kitchen equipment with the following expected 

parameters. 

Table 4: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Operating Hours 5,658 hours Metered Data Extrapolation 

Electric Cooking Equipment Efficiency 60% 
Tracking Analysis 
Assumption 

 

Gas Cooking Equipment Efficiency 30% 
Tracking Analysis 

Assumption 
  

Full Load Gas Kitchen Equipment Capacity 926,000 BTU 
Manufacturer 
Specifications 

 

 

The full load kitchen equipment capacity indicated in the tracking analysis spreadsheet (which is listed in the 

above table) differed slightly from the value that was listed on the vendor sheet (882,000).  It was not clear 

why the value from the vendor sheet was not used in the spreadsheet analysis. 

Tracking Calculation Methodology 

The tracking analyst performed electrical metering of the existing equipment to determine pre-retrofit kWh 

consumption. Table 5 shows the data collected for the TA analysis. 
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Table 5: Pre-Retrofit Meter Data 

 Pre-Retrofit 

Parameter Equipment* Duration Interval 
Avg. kW 

Kitchen Electrical Energy 
Demand 

n/a 8 Days (3/28/13-4/5/13)  15 min 26.6 

*The tracking analysis does not explicitly note the type of power meter used to collect data. 

Pre-Retrofit kWh Usage/Savings 

The tracking study involved collecting eight days of 15-minute electric interval data from the electric power 

feed to the kitchen.  The following steps were taken to determine the expected annual electric consumption 

of the kitchen equipment being removed: 

1. The cumulative kWh for the metering period was divided by eight to get daily kWh consumption. 

2. Daily kWh consumption (640 kWh) was multiplied by 365 days a year to get annual kWh 

consumption (233,620 kWh). 

3. The tracking vendor estimated that 70% of the electric energy consumption in the kitchen was 

attributed to the cooking equipment (the remaining 30% of electricity being consumed by the water 

heater, dishwasher, and compactor). 

4. The yearly electrical consumption was multiplied by 70% to calculate the annual consumption of the 

removed equipment (163,534 kWh). This value is the electric savings for this measure. 

Operating Hours 

The metering data indicated negligible demand between the hours of approximately 7:15pm to 2:45am each 

day.  This results in 15.5 hours of energy consumption each day.  Annual operating hours were calculated by 

multiplying 15.5 by 365, resulting in 5,658 annual operating hours.  This building is a hospital where the 

kitchen is operating 365 days a year at a similar load each day. 

Proposed Case Gas Consumption 

The proposed case involved installing new gas cooking equipment in the place of the electric equipment.  

Operating hours for this equipment was assumed to be the same as those of the electric cooking equipment 

(5,658 hours).  The following steps were taken to determine the expected annual natural gas consumption 

of the kitchen equipment being installed: 

1. The annual electric consumption calculated for the pre-retrofit case (163,534 kWh) was multiplied by 

3,413 BTU/kWh to convert the electrical consumption into BTUs (i.e. 558 MMBtu/year). 

2. The tracking analyst assumed that 60% of this value is useful cooking heat (i.e. electric equipment 

is on average 60% efficient).  Multiplying by this factor results in 335 MMBtu/year of useful cooking 

heat. 

3. The tracking analyst assumed that the gas cooking equipment will be 30% efficient on average, 

resulting in an expected annual gas consumption of 1,116 MMBtu/year 

4. Converting the annual gas consumption to therms, the total expected annual gas consumption of the 

proposed measure is 11,163 therms.  926 MBH is the combined nameplate capacity of all the gas 

kitchen equipment (listed in Table 6 below). 

5. The average expected load of the kitchen equipment (197 MBH) was calculated by dividing full load 

heating consumption (1,116 MMBTU/year) by annual operating hours (5,568 hours) 
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Table 6: Gas Cooking Equipment Capacities 

Gas Equipment 
Capacity 

(Therms/hr) 

Countertop Griddle 0.6 

Convection Oven 0.44 

Tilting Skillet 1.26 

Deck Oven 1.11 

Range .95 

Char-broiler 1.2 

Countertop Griddle 0.9 

Salamander Broiler 0.3 

Countertop Hotplate 2.4 

Hot Food Serving Counter 0.01 

Total 9.26 

 

Energy Savings 

The total calculated savings is equal to annual electric consumption of the electric cooking equipment, which 

is 163,534 kWh.  This measure will also result in an annual gas penalty of 11,163 therms.  

The submitted screening tool indicated that 100% of savings were on peak savings; however not all 

electrical energy usage (according to the metered data) occurred during on peak hours. The tracking 

analysis spreadsheet did not make explicit indication of an on-peak savings value, but the tracking system 

reported all savings as occurring during on-peak hours. 

Summer demand reduction (43 kW) was calculated by averaging the demand at all hours metered between 

1:00pm and 5:00pm.  Similarly, winter demand reduction (36 kW) was calculated by averaging the demand 

at all hours metered between 5:00pm and 7:00pm. This methodology is not accurate for estimating the 

demand reduction because the values represent 100% of the metered input kW and not 70% as discussed in 

the energy savings discussion. 

Gas Savings 

The tracking analyst calculated the gas penalty as shown above but it was not included in the screening tool 

when evaluating the measure. This error alone increases the payback period from 6.3 years to 18.1 years.  

It is unclear from the project documentation if the TA’s efficiency assumption for the cooking equipment is 

based on standard or high efficiency equipment. Evaluation research showed that high-efficiency cooking 

equipment was installed in certain cases. Even though the facility installed high-efficiency equipment, fuel 

switching measure savings should compare the pre-retrofit cooking equipment to standard efficiency gas-

fired equipment. An additional gas energy efficiency measure can then compare standard and high efficiency 

gas-fired equipment. This approach results in a larger gas penalty for the electric energy efficiency measure 

than would be observed in consumption. The difference between the fuel penalty from switching to gas and 

actual consumption is the gas savings that can be claimed for the installation of high efficiency equipment. 

The evaluation is not aware of any additional gas program incentives that were provided for the high-

efficiency equipment. 
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PROJECT EVALUATION 
The following table shows the verification result for the measure involved in this study. Equipment was 

found to be installed and operating as intended. 

Table 7: Measure Verification 

Measure Name Verification Method Verification Result 

Kitchen Equipment Fuel Switching Visual site observation. Installed and operating 

 

Data Collection 

The evaluation uses metered data from the tracking analysis in addition to collecting metered data in order 

to evaluate the realized energy savings for the kitchen equipment replacement measure. The evaluation 

metered the same electrical cabinet as the tracking analyst after the electric cooking equipment was 

replaced. No other major changes were reported and the difference in metered cabinet energy consumption 

is assumed to be the reduction from removing the electric cooking equipment. 

Table 8 summarizes the metering data collected from installed equipment.  Table 9 summarizes data that 

was used in the evaluation analysis that was collected from the tracking analysis and outside research.  

Table 8: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment 
Brand and Model 

Metering 
Duration 

Metering 
Interval 

Kitchen Exhaust Fan*  HOBO Amp Logger 33.9 days 1 mins 

Kitchen Electrical Panel Dent kW Meter 33.9 days 10 seconds 

*or equivalent equipment that runs for duration of typical kitchen operating hours 

Table 9: Evaluation Data Collection – Data Received 

Parameter Source Duration Interval 

Pre-Retrofit Kitchen Electric Power (kW) Tracking Analysis 8 Days 15 minute 

Pre-Retrofit Electric Kitchen Equipment Efficiency Tracking Analysis n/a n/a 

Proposed Gas Kitchen Equipment Efficiency Tracking Analysis n/a n/a 

 

The kitchen equipment replacement took place in 2013.  Total pre-retrofit facility electrical energy use in 

2011 was 5,821,435 kWh.  Expected electrical energy savings of 163,534 kWh would result in only a 3% 

reduction in total facility electrical energy consumption. Given this small percentage whole-building interval 

data was not used as part of the evaluation analysis. 
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Evaluation Savings Analysis 

This section documents the analysis completed by the evaluation to estimate evaluated energy and demand 

savings. 

Pre-retrofit Case Demand 

The evaluation concludes that this project was correctly classified as a retrofit and agrees with the baseline 

equipment assumptions used in the TA analysis. Facility personnel reported that the pre-retrofit electric 

equipment was operating sufficiently indicating that it was not at the end of its useful life. Also, kitchen 

operators spoke enthusiastically of the new equipment, so there may exist operational non-electric benefits 

that are difficult to quantify.  

The data collected by the TA represents the best available information on pre-retrofit consumption for this 

project. The evaluation therefore uses the tracking analyst’s metered data and methodology for the pre-

retrofit case power demand. The pre-retrofit case includes all loads on the kitchen’s electrical cabinet 

metered by the tracking analyst, including electrical cooking equipment and additional loads shown in Table 

10 below. 

Installed Case Demand 

The evaluator installed a kW meter on the kitchen electrical panel in order to determine the energy 

consumption of the remaining electrical kitchen equipment. This electrical energy is what the TA assumed 

represents 30% of its pre-retrofit metered data. A summary of the installed case electrical loads is shown in 

Table 10. 

Table 10: Loads on the Metered Electrical Cabinet 

Parameter Tracking Analysis Evaluation 

Domestic Hot Water Heater Yes Yes 

Trash Compactor Yes Yes 

Dishwasher Yes Yes 

Exhaust Fans Yes Yes 

Convection Oven Fans  No No 

 

Based on the tracking analysis, the installed case was expected to have no electrical energy consumption 

from cooking equipment; however, the evaluation did observe that the installed case gas equipment 

included the use of two small fractional-horsepower convection oven fans. These fans include 110V plug-in 

motors that are not fed by the electric panel metered by the evaluation and tracking analysis. It is assumed 

that the pre-retrofit oven used comparably-sized convection fans which would offset the energy consumption 

of the installed case oven fans. 
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Figure 2 below summarizes the installed case metered input kW profile. The raw input kW over time is 

included in Figure 1 in the Appendix. 

 

This figure shows that there is little difference in energy use depending on day of week. The evaluation 

therefore used an average daily energy consumption similar to the tracking analysis as shown in Figure 3. 
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Figure 2

Total Kitchen Panel Input kW
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This plot shows the total input kW to the electical cabinet serving the hospital's kitchen. Loads on the cabinet previously included all 

electric cooking equipment that was replaced, as well as exhaust fans, a domestic hot water heater, and other small plug loads.
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Energy Use and Savings (Installed and Pre-Retrofit) 

The energy savings for this measure is the difference between the tracking analysis and evaluation analysis 

metered data sets. Since the TA methodology is reasonable for calculating energy savings, the evaluation 

used the same basic methodology with the intent of minimizing differences in savings due to different 

methodologies: 

Energy Savings, kWh = TA metered data, annual kWh – Evaluation metered data, annual kWh 

In both the TA and evaluation methodologies, the total kWh observed during the metering periods was 

divided by the number of days in the metering period to calculate a ‘daily kWh’. This value was multiplied by 

365 days per year to determine the annual kWh. 
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Installed Case Electrical Cabinet Demand Profile

Average Evaluation
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Figure 4 below compares the metered data sets at different hours of the day to more accurately quantify 

peak savings.  

 

Table 11 below the figure shows a table of the same data as Figure 4.  This data was used to calculate the 

peak savings as discussed below, but not the energy savings.  

 

Table 11: Comparison of Evaluation and TA Metered Data 
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Figure 4

Comparison of Evaluation and TA Metered Data

Average Evaluation Average TA

Figure 4 compares the evaluation and TA metered data of the same electrical cabinet. The reduction in input kW is due to the removal 

of electric cooking equipment. Spikes are likely due to increased domestic hot water heater or exhaust fan use during periods of peak 

demand for cooking; the reduction in power remains relatively constant despite the spikes.

difference between these 

lines is the input kW 

reduction from removing the 

electric cooking equipment

it is unclear why there is a 

slight increase in overnight 

input kW. this may be due to 

additional plug loads or loss 

of DHW heater/exhaust fan 

efficiency

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Installed 2.2 2.3 2.7 3.0 3.0 4.5 9.7 10.7 11.7 22.9 28.6 17.9 17.2 29.7 31.0 14.3 13.6 13.3 23.1 24.4 3.4 2.7 2.2 2.2

Pre-retrofit 0.5 0.6 4.6 20.1 25.9 29.6 33.3 34.0 34.5 49.5 54.3 39.3 44.6 60.7 49.7 33.3 31.5 28.5 43.5 17.1 0.5 0.6 0.5 0.6

Reduction -1.7 -1.7 1.9 17.0 22.9 25.1 23.6 23.4 22.8 26.6 25.8 21.3 27.5 31.0 18.7 19.0 17.9 15.2 20.4 -7.3 -2.9 -2.1 -1.7 -1.7

Summer kW 

Peak 

Reduction

Winter kW 

Peak 

Reduction

Avg kW 

Reduction 

(Energy Peak)

21.7

17.8

17.6

Source
Hour of Day
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Peak Savings 

The tracking analysis did not calculate peak kW savings correctly as discussed above. The evaluation 

calculated the demand peak reductions by calculating the average demand reductions during those periods, 

see Table 11 above. The demand peak periods are defined as: 

Summer Demand Peak – Non-holiday weekdays, June-August, 1PM-5PM 

Winter Demand Peak – Non-holiday weekdays, December and January, 5PM-7PM 

The percentage of savings occurring during peak periods was not calculated by the tracking analyst. The 

evaluation calculated the energy peak savings by calculating the average demand reduction during that 

period (see Table 11) and multiplying by annual peak hours (4,016). 

% Energy Peak Savings = energy peak savings, kWh ÷ annual savings, kWh 

The energy peak period is defined as: 

Energy Peak Period– Non-holiday weekdays, 6AM-10PM 

 

Operating Hours 

Operating hours were not calculated in either the TA or evaluation analyses to determine the kWh savings. 

Operating hours are used to determine the installed case gas consumption. 

A HOBO amp meter was installed on the kitchen exhaust fans but were observed to operate at a relatively 

constant input kW 24/7. This data was not used as planned to determine operating hours.  

Instead, the methodology shown in the energy savings section above (see Table 11 are used to verify facility 

personnel report that the cooking equipment is used from 3AM to about 6:30PM daily, including holidays. It 

was reported that the operating hours have not changed since the tracking analysis was performed. This 

methodology results in 5,658 hours per year, which is the same as the tracking analysis. 

Installed Gas Consumption 

Since no gas sub-meters are in place for the kitchen, the evaluator used the same methodology as the 

tracking analysis described above, to estimate gas consumption, but used the installed case panel kW 

metering to more accurately estimate the cooking load.  

The evaluation assumes the same estimated average electrical equipment efficiencies (60%) and gas 

equipment efficiencies (30%) estimated by the tracking vendor. The evaluator researched commercial 

cooking equipment efficiencies and found the TA estimates to be within reason for standard efficiency 

equipment. Table 12 below lays out the efficiency assumptions from the tracking study that are used in the 

evaluation.  These assumptions do not affect the electrical savings calculation. 

Table 12: Efficiency Assumptions 

Parameter Source Value 

Pre-Retrofit Electric Kitchen Equipment 
Efficiency 

Tracking Analysis 60% 

Proposed Gas Kitchen Equipment Efficiency Tracking Analysis 30% 
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Installed case gas consumption is based on estimates of cooking equipment efficiency in both the evaluation 

and tracking analysis. These values are averages for all of the installed cooking equipment. Accurately 

determining the average value would require individual metering of the cooking components and weighting 

the average based on usage. That task is outside the scope of this electric evaluation and was not 

performed. 

Another consideration is that the facility installed some high efficiency cooking equipment which is a 

prescriptive gas measure of its own. The evaluation is not aware of any additional prescriptive incentives 

provided for this project. The evaluation used the MA TRM savings values for the equipment installed in this 

application and determined the high-efficiency cooking equipment savings to be approximately 3,000 therms 

per year. This estimate is similar to other sources that were researched. This value is significant relative to 

the evaluation’s estimated gas penalty of 8,585 therms. 

EVALUATION RESULTS 

The energy savings showed an overall realization ratio of 76.9% while the summer and winter demand peak 

realization ratios were 50.4% and 48.4% respectively. The tracking analysis did not show an estimate of the 

energy savings occurring during peak hours. However the program reported this project as 100% on-peak 

savings. The on-peak energy savings realization ratio is 54%. 

Comparison of Assumptions 

The table below compares the key parameters used in the Tracking analysis with those used in the 

Evaluation analysis.  The purpose of this table is to show how different values changed. 

Table 13: Comparison of Key Parameters 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 
Eval ÷ TA 

Pre-Retrofit Energy Use (kWh) 233,620 233,620 100% 

% Kitchen Electric Usage Attributed to Electric Kitchen Equipment 70% 54% N/A 

Installed Energy Use (kWh) 70,086 107,851 154% 

Electrical Savings (kWh) 163,534 125,769 76.9% 

Annual Operating Hours 5,658 5,658 100% 

Gas Penalty 11,163 8,585 76.9% 

 

The major discrepancy found in the evaluation was the tracking analyst’s estimate that 70% of the electrical 

cabinet metered data in the pre-retrofit case was due to the cooking equipment being replaced. The 

evaluation found that there was more electrical energy left on this cabinet than expected, suggesting that 

only 54% of the pre-retrofit data was due to the electric cooking equipment. The lower pre-retrofit cooking 

equipment energy consumption decreases the electrical savings. 

The evaluation used the same assumptions and methodology as the tracking analysis for calculating the gas 

penalty. The gas penalty is lower because the electrical consumption and loads of the pre-retrofit cooking 

equipment was found to be lower than predicted by the TA. The evaluation used the same efficiency 

assumptions as the TA due to the significant amount of uncertainty without extensive metering for individual 

cooking components. 
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Discrepancy Analysis 

This section describes the key drivers behind any difference in the tracking and evaluation estimates. The 

following table summarizes these differences.  The purpose of this table is to describe how changes to the 

key parameters influenced the final project savings. 

Table 14: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Pre-retrofit electric 
consumption 

Amount of electric usage attributed to the 
electric kitchen equipment that was 

removed was overestimated. 

-37,765 kWh savings 
-2,578 therms penalty  

 

The major discrepancy is that the TA overestimated the pre-retrofit cooking equipment energy which relied 

on an estimate of how much of the metered total panel load was served by the fuel-switched electrical 

equipment. Metering of the installed case electrical panel serving the kitchen showed more energy 

consumption than expected. 
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PROJECT DESCRIPTION 

This project converted the domestic hot water (DHW) system at a retirement residence home from electric 

to natural gas.  The residence home consisted of one high-rise building and one low-rise building.  In the 

baseline condition, a 40 kW and a 90 kW electric boiler served the DHW needs of the high-rise building.  This 

system was the focus of the application, and therefore of this evaluation.  In the proposed case, two new 

gas boilers in the low-rise building were installed to serve DHW and heating hot water (HHW) needs in both 

the high- and low-rise buildings.  New piping was added from the low-rise building to DHW storage tanks in 

the high-rise building.  No electricity is used in the installed case to heat water at the site.  

In addition, a gas engine generator combined heat/power unit (CHP) was installed under the same invoice, 

but under a separate application (not covered under this evaluation), which generated electricity for both 

buildings.  Waste heat from the CHP also provides all DHW and HHW needs for both buildings during most of 

the year.  This unit currently acts as the first stage in water heating, with the new gas boilers coming on 

only if the CHP is not active or unable to handle the entire load. 

Electric energy is saved under this application by converting electric DHW to gas in the high-rise building, 

with a corresponding increase in natural gas usage.  The savings is the total pre-retrofit electric usage of the 

existing electric boilers.  Note that this application only covers savings due to the electric to gas conversion 

in the high-rise building.  It does not cover savings due to the CHP or any savings associated with the low-

rise building. Table 1 shows the overall evaluation results for this project.  There is a gas penalty associated 

with the project.  This was estimated by converting electric savings to equivalent gas usage.  The estimated 

gas penalty is shown in Table 1.  Note that it was not included in the tracking system, but the project was 

screened with this gas penalty of -6,576 therms included. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 154,176 159,767 104% 

% of Energy Savings on Peak 39% 61% 155% 

Summer On-Peak Demand (kW) 17.60 23.2 132% 

Winter On-Peak Demand (kW) 17.60 29.4 167% 

Natural Gas Penalty (Therms)  6,814 N.A. 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project.   

Baseline 

Figure 1 shows the baseline condition assumed in the TA analysis.  The TA installed metering equipment on 

each of the electric boilers for one week in May, 2012 to determine baseline power.  Table 2 shows the key 

baseline parameter assumptions utilized in the tracking analysis. 

Figure 1:  Baseline Condition 

High-Rise Building Low-Rise Building (Gar-West)

Elect DHW 

Boilers

Baseline  

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) Source of Parameter Value Note 

Number of Boilers/Types 
Boiler#1: 40 kW  

Boiler#2: 90 kW  
TA   

Annual Schedule Active 24/7 (8760 hrs) TA site contact interview   

Boiler #1 Average kW 9.8 kW TA meter data  

Boiler #2 Average kW 7.8 kW TA meter data  

Proposed Condition 

The proposed condition was defined as new hot water storage tanks located in the high-rise building fed by 

new standard efficiency (80% efficiency) gas-fired equipment in the low-rise building. Figure 2 shows the 

proposed condition assumed by the TA.   
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Figure 2: Proposed Condition (TA) 

High-Rise Building Low-Rise Building (Gar-West)

Gas 

Heat ing 

Plant

Proposed (TA)

Indirect  

Heater 

Tank

 

Tracking Calculation Methodology 

The measure saved electric energy due to the reduction in DHW electric energy at the high-rise building 

from the replacement of electric boilers with gas-fired equipment.   

To calculate savings, the existing electric DHW boilers in the high-rise building were metered for power from 

5/1/12 to 5/8/12 at 15-minute intervals.  The average kW over the metering period was calculated as 9.8 

kW for Boiler #1 and 7.8 kW for Boiler #2 for a total average kW of 17.6 kW.  The TA assumed this value to 

apply to all hours of the year and calculated kWh savings as 17.6 kW * 8,760 hrs/yr = 154,176 kWh/yr.   

MALCIEC guidelines (Table 3) were not considered in the determination of Summer and Winter On-Peak kW 

savings, or percent of Energy Savings On-Peak.  However, the demand savings was assumed constant for all 

hours of operation so it was not necessary for the TA to calculate separate seasonal demand savings.  

Percent on-peak savings was calculated as 39%.  

A gas penalty was calculated as kWh savings (converted to therms) divided by a standard efficiency of 80% 

per National Grid fuel switching policy. 

Table 3:  MALCIEC Demand Savings Definitions 

Savings Quantity Savings Definition 

% of Energy Savings on Peak All Months:  6am-10pm M-F excluding nine holidays 

Summer On-Peak Demand (kW) June, July, August: 1pm-5pm  M-F excluding holidays 

Winter On-Peak Demand (kW) December, January: 5pm-7pm  M-F excluding holidays 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions that were used to estimate the Evaluated 

savings for the project. 

Measure Verification 
Seasonal impacts on DHW in the high-rise were assumed negligible. The site was visited on October 15, 

2015.  The project measure was verified to be installed and operating as proposed. Nameplates showed the 

new boiler efficiency to be 94%.  Old electric boiler nameplates showed that rated kW’s matched TA values 

(40kW and 90kW).  The “Indirect Heater Tank” shown in Figure 2 was found to be one of the old electric 

boilers, which is now decommissioned and used as a storage tank only with no electric or gas heating.  Table 

4 shows the measure that was verified to be installed and operating, which covers the replacement of 

electric DHW boilers in the high-rise building with gas equipment.  The TA analysis methodology was used 

but modified for the evaluation. 

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

Convert DHW system from electric 

to gas in High-Rise Building 
Observation 

Visual inspection of installed boilers; 

baseline boilers found to be 

decommissioned (nameplates observed 

to verify kW ratings) 

Data Collection 

The electric boiler kW metered by the TA was used as it is the most direct measurement of baseline 

conditions available.  This data is shown in Figure 3 and Figure 4.  

Figure 3:  Boiler 1 Meter Data (Watts) 

  

  

http://www.dnvgl.com/


 

Page 5 of 8 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Plan 
 

 

Figure 4:  Boiler 2 Meter Data (Watts) 

 

Other data that would normally be used to verify savings is not applicable for this site: 

 A trend data system was supposed to be installed per the Minimum Requirements Document, but this 

was not done, so no trend data is available. 

 Electric and gas billing data cannot be used to check savings.  Billing data includes the drop in electricity 

and associated increase in gas as a result of both the boiler replacement and CHP unit installation, with 

no way of extricating high rise DHW energy (which this application covers) from the data. 

According to the site contact, no significant changes in occupancy have occurred since the TA study 

metering period in May 2012.  Five new high-efficiency washing machines were added since the evaluated 

project was installed to replace older less efficient machines, but the change in hot water usage is minimal 

compared to the building total.  The machines were examined during the site visit to confirm this.  No other 

major changes have occurred since the metering period that would affect domestic hot water use.  The site 

contact has stated that the DHW load for the high-rise building is essentially constant throughout the year. 

Table 5 shows the data to be used for the evaluation. 

Table 5: Evaluation Data Collection – Data Received 

Source Parameter Interval Duration 

Pre-Installation Meter Data from TA Boiler 1 kW 15 minutes 1 week 

Pre-Installation Meter Data from TA Boiler 2 kW 15 minutes 1 week 

Evaluation Savings Analysis 

The TA meter data was used to calculate savings, but instead of calculating an average kW over the one 

week metering period, the evaluation assumed that the meter data represented a typical week of hourly 

average demand values, and this weekly profile was applied to all weeks of the year.  Total demand for each 

hour was defined as Boiler 1 kW + Boiler 2 kW, where the kW values are averages of 15-minute data.  The 

evaluation demand profile is shown in Figure 5. 
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Figure 5:  Weekly kW Profile from Meter Data 

 

kW savings and percent of savings on-peak were calculated using MALCIEC guidelines per Table 3 above. 

As was done by the TA, the gas penalty associated with the project was estimated simply as electric savings 

(converted to therms) divided by a standard efficiency of  80% per National Grid fuel switching policy. 
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EVALUATION RESULTS 

Results of the evaluation can be seen in Table 6.  The difference in savings is due to the modified 

methodology used in the evaluation.  As explained above, this methodology used a weekly profile of hourly 

average kW obtained from meter data rather than a single average kW over the meter period used by the 

TA.  The result was a slight increase in kWh savings, and a significant increase in % energy on-peak, 

summer on-peak kW savings, and winter on-peak kW savings.  On-peak demand savings values increased 

because the evaluation’s use of hourly average demand values revealed the variability in hot water usage, 

which was significantly greater during on-peak periods. 

Table 6: Project Results by Measure. 

Measure Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Electric DHW 

Boilers Replaced 

with Gas Boilers 

Electric energy (kWh) 154,176 159,767 104% 

% of Energy Savings on Peak 39% 61% 155% 

Summer On-Peak Demand (kW) 17.60 23.2 132% 

Winter On-Peak Demand (kW) 17.60 29.4 167% 

Natural Gas Penalty (Therms)  6,814 N.A. 

 

Comparison of Assumptions 

The evaluation changed one key assumption, the baseline boiler efficiency, using nameplate data recorded 

at the site rather than the typical value presented in the tracking data.  This boiler efficiency affected the 

natural gas penalty, increased efficiency resulting in a reduced natural gas penalty. 

Table 7 compares the values of key parameters between the tracking and evaluation analyses. 

Table 7: Comparison of Key Parameters 

  BASELINE PROPOSED / INSTALLED 

Parameter 
Tracking 

Value(s) 

Evaluation 

Value(s) 

Tracking 

Value(s) 

Evaluation 

Value(s) 

Average hourly boiler 

demand profile (kW) 
17.6 

Variable ranging 

from 0.2 to 96.9 
0 0 

 

Discrepancy Analysis 

This evaluation saw a small increase in savings (4%) associated with the method used to analyse the 

baseline boiler data. The tracking analysis developed a single average power value from the week of data 

and then applied it to 8760 hours per year of operation.  The evaluation assumed the data constituted a 

typical operating week and developed an hourly load profile for a typical week and applied that to the 2013 

baseline year. This resulted in a slightly different distribution of operating states that more closely reflect 

actual operating conditions.  The evaluation analysis method also allowed for a better estimate of on-peak 

demand savings by providing greater hourly resolution. 
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An additional discrepancy observed by the evaluation was the baseline boiler efficiency.  The TA claimed 80% 

while the evaluation verified 94% efficiency based on nameplate data collected on site.  While this did not 

affect the electric savings calculation it did affect the gas penalty calculation.  Increased baseline boiler 

efficiency resulted in reduced natural gas penalty. 

Table 8 summarizes the key drivers of the discrepancies between the tracking and evaluation savings 

estimates.  

Table 8: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Baseline Boiler kW 

Data 
Weekly Average kW vs. Weekly Load Profile 4% increase in savings. 

 

Improvement Opportunities 

For measures that can reasonably be assumed to be repetitive at regular intervals, the extrapolating 

average baseline and proposed kW demand values to a full year will suffice when determining annual energy 

savings, but the determination of on-peak demand savings should take into consideration the variability that 

may exist in the data profiles. 
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PROJECT DESCRIPTION 

The project is a retrofit measure that installed casting simulation software to optimize the design of molds at 

a 24,000 square foot casting facility.  

The facility runs four induction furnaces: two 600 kW furnaces, a 300 kW furnace, and a 125 kW furnace 

served by three dedicated power supplies. The raw material, metal, is melted in the furnaces, which is 

subsequently transported by an overhead crane to be poured into molds.  The molds have risers and gates 

that provide an excess volume of molten metal to ensure that the cast part is completely formed. Furnaces 

#1 through #4 have rated capacities of 1,350; 2,300; 280; and 850 pounds, respectively. The four electric 

furnaces are run through three power supplies that are cooled by two dedicated power supply fluid cooling 

systems. 

The baseline system used a combination of best practice estimates for metal pour weight and associated 

trial and error for mold design and riser/gate configuration. The installed software optimizes the risers, 

gates, and mold sizes with the goal of reducing the mold pour weight and increasing the accuracy of the 

final part.  

Table 1 shows the overall evaluation results for this project. Savings for this measure result from less 

material ultimately being used to produce parts, meaning the furnaces need to run less and produce less 

melted material. The software allows less material to be used in two ways:  

1. The post case operation uses reduced metal pour weight (raw material) as compared the base condition. 

In the base case the facility operation practices had higher metal usage per final part made in order to 

ensure the molds were completely filled. 

2. The installed software reduced the number of defective parts and, thus, reduced the metal scrap rate. 

This reduces the weight of material that must be melted in order to meet a production order. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 138,026 115,213 83% 

% of Energy Savings on Peak 96.6% 97.07% 100% 

Summer On-Peak Demand (kW) 20.7 11.4 55% 

Winter On-Peak Demand (kW) 0 0 -- 
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TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the Tracking savings claimed 

for the project. 

Baseline 

In the baseline condition, the molds were designed based on industry best practice estimates and by trial 

and error. These mold designs, in turn, affected the volume and resultant metal required to cast parts (mold 

pour weight). In addition to this, a certain quantity of excess metal was included above the minimum 

required material as a safety factor and to reduce losses due to incomplete coverage of the mold volume. 

Besides finished product, the baseline produced a certain amount of defective parts that required re-melting 

and pouring. 

The baseline case required 2,255,288 pounds of melted metal in four furnaces and 903,821 kWh per year. 

Per the TA document, the furnace power supply cooling arrangement consumed an additional 13,240 kWh 

annually. It was not clear how the cooling system operates from the information provided in the TA study. 

The power demand for each furnace was determined via on-site monitoring of Furnaces #1, #2, and #4 

over a period of approximately three weeks of normal production. Furnace #3 was not monitored, since it 

was assumed to have production efficiency equal to the average of the remaining three furnaces.  The 

metered furnace power data was used to determine the average energy usage per pound of metal, the raw 

material (kWh/lb of raw material), for each furnace. The average energy usage per pound of metal (pour 

weight) was then applied to the total projected mold weight for year 2011 year along with 13.8% additional 

pour to account for the excess metal needed to ensure complete mold filling. This additional metal pour 

quantity was based on the facility production data. Note that this does not include a scrap rate.   

There are two dedicated power supply cooling systems. A closed loop glycol water system cools the power 

supply for the two 600 kW furnaces and an open loop system cooling the 300 kW and 125 kW furnace power 

supplies. Based on the project documentation, the power supply cooling load was based upon the furnace’s 

efficiency. The cooling requirement assumed the furnaces were 31.3% efficient on average and 75% of the 

rejected heat need to be cooled. The cooling load calculations are explained in further detail in the “Tracking 

Calculation Methodology” section. The evaluator verified the cooling system and operation during the 

evaluation visit. Table 2 shows the key baseline parameter assumptions utilized in the tracking analysis. 

Table 2: Baseline Key Parameters 

   BASELINE 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Total Annual Mold Pour Weight, lb 

including excess metal, scrap, and waste 
2,255,288  Site Data 

Based on 3 weeks of pour weight 

data from production logs, 

annualized  

Furnace #1 Pour Weight Percentage 47% Site Data 3-week mold pour weight data 

Furnace #1 kWh 453,979  
On-Site 

Monitoring 

Annualized 3-week power 

monitoring 

Furnace #2 Pour Weight Percentage 1% Site Data 3-week mold pour weight data 

Furnace #2 kWh 11,471  
On-Site 

Monitoring 

Annualized 3-week power 

monitoring 

Furnace #3 Pour Weight Percentage 2% Site Data 3-week mold pour weight data 
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Furnace #3 kWh 20,547  Tracking Analysis 
Used average kWh/lb of other 

furnaces 

Furnace #4 Pour Weight Percentage 49% Site Data 3-week mold pour weight data  

Furnace #4 kWh 417,825  
On-Site 

Monitoring 

Annualized 3-week power 

monitoring 

Furnace Power Supply Cooling 465,665  Tracking Analysis  

Scrap Re-Melt Rate 7.7% Site Data  

 

Proposed Condition 

The retrofit installed casting simulation software whereby molds are designed via computer simulations. The 

software more accurately models the part casting than the baseline condition. The proposed case followed 

the same operating hours as the baseline case. The savings was calculated based on the finished product 

output. 

The proposed case considered the following savings: 

1. Assumed an average projected mold pour weight reduction of 13.6% compared to that of the 

baseline. The reduction was based on trial runs with the software.  

2. The proposed case assumed a 6.7% scrap rate.   

3. 1,993 kWh savings was attributed to a reduction in furnace power supply cooling load. 

4. An additional 1,179 kWh of savings was proposed due to a 2.5% shift in pour weight from Furnace 

#1 to the more efficient Furnace #4. The savings were estimated from each furnace’s established 

“kWh/lb” efficiency values.  Note that the efficiency is per pound of material melted. This does not 

change between the baseline and proposed case. The value that changes is the weight.   

Table 3 shows the key proposed case parameter assumptions utilized in the tracking analysis.  

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) 
Source of 

Parameter Value 
Note 

Total Annual Mold Pour Weight, lb 1,918,791 Site Data 
Based on post-retrofit projected 

pour weight  

Furnace #1 Pour Weight Percentage 46% Tracking Analysis Actual mold pour weights 

Furnace #1 kWh 453,979  Tracking Analysis  

Furnace #2 Pour Weight Percentage 1% Tracking Analysis Actual mold pour weights 

Furnace #2 kWh 11,471  Tracking Analysis  

Furnace #3 Pour Weight Percentage 2% Tracking Analysis Actual mold pour weights 

Furnace #3 kWh 20,547  Tracking Analysis 
Used average kWh/lb of other 

furnaces 

Furnace #4 Pour Weight Percentage 51% Tracking Analysis Actual mold pour weights 

Furnace #4 kWh 417,825  Tracking Analysis  

Furnace Power Supply Cooling 395,579  Tracking Analysis  

Scrap Re-Melt Rate 6.7% Tracking Analysis 
The basis of this assumption is 

unknown 
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Tracking Calculation Methodology 

The tracking savings estimate was calculated using spreadsheet analysis based on mold pour weights. The 

annual savings were calculated by taking the difference between the baseline energy usage and proposed 

energy usage.  

𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 = 𝑘𝑊ℎ𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑 − 𝑘𝑊ℎ𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 

On-peak demand savings were calculated as the average demand savings across all baseline operating 

hours in the year. 

𝑂𝑛 − 𝑃𝑒𝑎𝑘 𝐷𝑒𝑚𝑎𝑛𝑑 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =
𝐴𝑛𝑛𝑢𝑎𝑙 𝐸𝑛𝑒𝑟𝑔𝑦 𝑆𝑎𝑣𝑖𝑛𝑔𝑠

𝐴𝑛𝑛𝑢𝑎𝑙 𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑂𝑝𝑒𝑟𝑎𝑡𝑖𝑛𝑔 𝐻𝑜𝑢𝑟𝑠
 

The following calculations were used in the TA study to determine the inputs to each of the formulas above. 

The furnace energy usage per pound of production (kWh/pound) was determined based on the metered 

energy data and its associated pour weights. For furnaces 1, 2, and 4, energy per unit production was 

calculated as shown in the equation below.  

𝐹𝑢𝑟𝑛𝑎𝑐𝑒 𝐸𝑛𝑒𝑟𝑔𝑦 𝑃𝑒𝑟 𝑈𝑛𝑖𝑡 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛 (𝑘𝑊ℎ
𝑃𝑜𝑢𝑛𝑑⁄ ) =

𝑘𝑊ℎ𝐹𝑢𝑟𝑛𝑎𝑐𝑒
𝑃𝑜𝑢𝑛𝑑𝑠𝑃𝑜𝑢𝑟 𝑊𝑒𝑖𝑔ℎ𝑡

⁄  

Where: 

kWhFurnace = Furnace energy usage 

PoundsPour Weight = Metal pour weight for each furnace in pounds 

The energy per unit production of Furnace #3 was calculated as the average of Furnaces 1, 2, and 4. Table 4 

shows the values used for this calculation and the resulting furnace efficiency estimates. 

Table 4: TA estimation of furnace efficiency 

Furnace 
Pounds 
poured 
(lbs.) 

Monitored 
energy 
(kWh) 

Furnace 
Efficiency 
(kWh/lb) 

Notes 

1 & 2 Combined 51,400 21,954 0.427 Used for both F1 & F2 

4 53,940 20,225 0.375 Used for only F4 

3     0.401 F3: Average of two rows above. 

 

The contribution of each furnace of the total pour weight, or production, was calculated using the monitored 

pour weight for each furnace and the equation below.  

% 𝑜𝑓 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝐹𝑢𝑟𝑛𝑎𝑐𝑒 =
𝑀𝑜𝑛𝑖𝑡𝑜𝑟𝑒𝑑 𝑃𝑜𝑢𝑟 𝑊𝑒𝑖𝑔ℎ𝑡𝐹𝑢𝑟𝑛𝑎𝑐𝑒

𝑀𝑜𝑛𝑖𝑡𝑜𝑟𝑒𝑑 𝑃𝑜𝑢𝑟 𝑊𝑒𝑖𝑔ℎ𝑡𝑇𝑜𝑡𝑎𝑙
⁄  

Where: 

% of ProductionFurnace = Percent of total pour weight production for each furnace 

Monitored Pour WeightFurnace = Pour weight for the furnace 

Monitored Pour WeightTotal = Total pour weight for all furnaces 

The proposed case made three adjustments to the furnaces’ percentage production to account for savings:  
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1. The proposed total pour weight was assumed to be 86.4% of the baseline pour weight  

2. Scrap rate was improved from 7.7% to 6.7%.  

3. 2.5% of the total production originally attributed to Furnace #1 was moved to more efficient Furnace 

#4.  

The annual percentage contributions of the total pour weight for each furnace was calculated from the three 

weeks of monitored production at each furnace. The annual pour weight for each furnace was calculated 

from the estimated percentage contribution and total annual projected pour weight.   

𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑜𝑢𝑟 𝑊𝑒𝑖𝑔ℎ𝑡𝐹𝑢𝑟𝑛𝑎𝑐𝑒 = (% 𝑜𝑓 𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑜𝑛𝐹𝑢𝑟𝑛𝑎𝑐𝑒) ∗ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑜𝑢𝑟 𝑊𝑒𝑖𝑔ℎ𝑡𝑇𝑜𝑡𝑎𝑙 

Where: 

Annual Pour WeightFurnace = Annual pour weight attributed to each furnace 

% of ProductionFurnace = Percent of total pour weight production for each furnace 

Annual Pour WeightTotal = Total annual pour weight 

 

The annual kWh was then calculated as a sum of the total kWh for each furnace. 

𝑘𝑊ℎ𝐴𝑙𝑙 𝐹𝑢𝑟𝑛𝑎𝑐𝑒𝑠 = ∑ 𝑘𝑊ℎ
𝑃𝑜𝑢𝑛𝑑⁄

𝐹𝑢𝑟𝑛𝑎𝑐𝑒
∗ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑃𝑜𝑢𝑟 𝑊𝑒𝑖𝑔ℎ𝑡𝐹𝑢𝑟𝑛𝑎𝑐𝑒 

Where: 

kWhAll Furnaces = Annual energy usage for all furnaces 

kWh/PoundFurnace = Energy usage per pound of pour weight for each furnace 

Annual Pour WeightFurnace = Annual pour weight attributed to each furnace 

Furnace power supply cooling load was calculated based on a furnace thermal efficiency of 31.3%, an 

assumed 75% of rejected heat to be cooled, and an assumed cooling tower efficiency of 0.1 kW/ton.  No 

chiller is used year round. 

𝑘𝑊ℎ𝐶𝑜𝑜𝑙𝑖𝑛𝑔 = (1 − 31.3%𝑇ℎ𝑒𝑟𝑚𝑎𝑙 𝐸𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦) ∗ 𝑘𝑊ℎ𝐴𝑙𝑙 𝐹𝑢𝑟𝑛𝑎𝑐𝑒𝑠 ∗ 75%𝑘𝑊ℎ 𝑟𝑒𝑗𝑒𝑐𝑡𝑒𝑑 ∗ 0.2843𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝑇𝑜𝑛𝑠/𝑘𝑊ℎ ∗ 0.1𝑘𝑊 𝑇𝑜𝑛⁄  

Where: 

kWhCooling = Energy usage by the power supply cooling system 

31.3% = Assumed furnace thermal efficiency 

kWhAll Furnaces = Total energy usage by the furnaces 

75% = Assumed heat rejected by the furnaces in kWh 

0.2843 = Conversion rate between cooling tons and kWh 

0.1 = Assumed cooling efficiency in kW/Ton 

Total savings was calculated as: 
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𝑘𝑊ℎ 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 =  ∑ (𝑘𝑊ℎ𝐴𝑙𝑙 𝐹𝑢𝑟𝑛𝑎𝑐𝑒𝑠

𝑃𝑟𝑒−𝑅𝑒𝑡𝑟𝑜𝑓𝑖𝑡

+ 𝑘𝑊ℎ𝐶𝑜𝑜𝑙𝑖𝑛𝑔) − ∑ (𝑘𝑊ℎ𝐴𝑙𝑙 𝐹𝑢𝑟𝑛𝑎𝑐𝑒𝑠

𝑃𝑟𝑜𝑝𝑜𝑠𝑒𝑑

+ 𝑘𝑊ℎ𝐶𝑜𝑜𝑙𝑖𝑛𝑔) 

 

Evaluator Assessment of Tracking Savings 

The evaluation has identified four issues with the tracking analysis at this time: 

1. There were several numerical assumptions made throughout the tracking analysis where the basis of 

the assumptions is unknown. This includes scrap rate improvement, furnace efficiency, power supply 

cooling kWh, power supply cooling efficiency, and the pour weight shift. 

2. As noted in the TA study, the on-site power monitoring and production log data may not be 

representative of the entire year’s operation. This is because the monitoring period overlapped with 

some facility maintenance. The discrepancy is evident when comparing each furnace’s production 

and their rated capacity. 

3. The furnace production schedule was originally unclear from the documentation provided. The 

furnace was said to typically operate on non-holidays from 6AM-10PM on weekdays.. However, the 

furnace production schedule coinciding with the calculations and analysis as verified during the site 

visit was only one shift,. The 6AM-10PM weekday schedule was the facility operations schedule, not 

the furnace production schedule and the furnace schedule does not coincide with the summer and 

winter peak kW savings periods. 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the evaluated savings for the 

project.  

Measure Verification 

Table 5 shows how the measure was verified.  

Table 5: Measure Verification 

Measure Name Verification Method Verification Result 

Casting 

Simulation 

Software 

Visual field verification, equipment monitoring, 

and screenshots of the installed system’s 

operation 

Verified. Customer openly discussed using 

software and its benefits during initial visit. 

 

Data Collection 

Evaluators were only able to monitor Furnace #4, the 300 kW induction furnace, due to safety concerns with 

Furnaces #1 and #2. Furthermore, due to the lack of room in the cabinet, current transducers (CTs) could 

only be safely installed on two of the three legs for this furnace. The facility requested the installation be 

done as quickly as possible to limit the disruption. As a result, the logger was only set up to monitor kW, 

and not the voltage and amperage. Power monitoring from the two legs of the Furnace 4 logger was used to 

estimate the third leg by assuming equal amperage across the three legs. 

Evaluators originally intended to install loggers to monitor all four furnaces, but were only able to monitor 

Furnace #4. Due to the evaluator’s and electrician’s safety concerns, the two 600 kW furnaces (Furnaces #1 

and #2) and the 125kW motor-generator powered furnace (Furnace #3) were not monitored.  

The data from the installed power logger on Furnace #4 was used in the evaluation to determine the 

accuracy of the monitoring data used in the tracking analysis as the tracking analysis had more 

comprehensive monitoring with coincident production data than was capable of being collected during the 

evaluation. As shown below, the data collected by the TA was determined to be accurate and was therefore 

used estimate equipment power. 

There are two power supply cooling systems: a closed loop glycol water system for Furnaces 1 and 2; and 

an open loop power supply cooling system for furnaces 3 and 4. These loops have condensing units only. 

They  are located outside and there was not enough room in the cabinet to safely install a logger for 

monitoring as originally planned. Instead, evaluators only visually observed the system to verify its basic 

arrangement. 

The annual pour volume by furnace, scrap rate, and average yield for 2012 and 2015 were also collected 

from the facility manager. Table 6 and Table 7 show the data that was collected as part of this evaluation. 

Table 6: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment Brand 

and Model 

Metering 

Start/Stop Dates 
Metering Interval 

Furnace #4 kW and Operating 

Hours 
Dent ElitePro Logger 7 weeks 5 minutes 
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Table 7: Evaluation Data Collection – Data Received 

Parameter Source Interval Duration 

Annual Production Volume 

(Baseline and Post-Retrofit) 
Site – Production Logs Annual 2012 and 2015 

Annual Production Schedule 

(Baseline and Post-Retrofit) 

Site Interview – Production 

Manager 
Annual 2012 and 2015 

Scrap Re-Melt Volume  

(Baseline and Post-Retrofit) 
Site – Production Logs Annual 2012 and 2015 

Facility Energy Consumption Utility Meter Data Monthly 2011-2014 

Facility Energy Consumption Utility Meter Data 15-minutes 2013-2015 

 

Table 8 and Table 9 summarize the facility and furnace production data received. Production performance 

during 2012 was assumed to represent the “pre” period for this project.  After discussions with the 

customer, the production volume and performance during 2015 was assumed to represent the installed and 

future condition.   In addition,  2015 is the only year the site provided scrap and yield estimates for. The 

percent of total weight by furnace were the same in 2012 and 2015. This supports the site’s statement that 

no operational changes occurred as a result of the measure. 

Table 8: Annual furnace production and performance by year 

  2012 2015 

Yearly lbs poured 1,685,413 1,033,215 

Scrap Rate 10.10% 7.70% 

Average Yield 40.00% 49.00% 

Table 9: Pounds of production by furnace and year 

Furnace # 
2012 2015 

Weight % of Total Weight % of Total 

1 447,613.20 27% 274,402.00 27% 

2 492,374.60 29% 301,842.20 29% 

3 29,244.10 2% 17,927.60 2% 

4 716,181.00 42% 439,043.20 42% 

Total 1,685,412.90 100% 1,033,215.00 100% 

 

The following additional information was gathered during the site interview: 

 The furnaces typically run one shift on weekdays only. 

 All furnaces melt the same material throughout the year. 

 There has been no other changes to furnace operation and no other measures have been installed 

that affect furnace energy use. 

 The total weight of product sold by the customer has dropped since 2012 which has also reduced 

their annual energy consumption. 
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Evaluation Savings Analysis 

This section discusses the assumptions made and methodology used to estimate evaluated energy and 

demand savings. 

Furnace Efficiency 

The evaluation only monitored furnace #4, but the TA monitored furnaces #1, #2, and #4. Figure 1 shows 

the average hourly weekday and weekend power monitored on furnace #4 by the evaluation and the TA. 

Due to the similarities in the profiles between the evaluated monitoring and the TA study, the TA’s estimated 

kWh/pound values for each furnace shown in Table 4 above were determined to be the best available 

estimates of baseline and installed furnace efficiency.  

Figure 1: Average monitored power, furnace #4 

 

 

The monitoring data corroborated the operating schedule defined by the facility manager, showing 

significant furnace demand on weekdays between 7AM and 3PM. However, the TA data also shows that the 

furnaces do run outside that schedule on some days.   

Annual Furnace Production 

The evaluation normalized energy consumption to the total pounds of product created in 2015. For the 

baseline and installed cases, the amount of finished product created is assumed to be the same. Energy 

savings are based on the difference in total pounds melted in each case to create the same total pounds of 

product. The calculations assumed all scrap rate and yield improvements are attributable to the installed 

software.  Table 10 summarizes the calculation methodology that was confirmed by the customer. The 

evaluation estimates that the project has resulted in a 20% reduction in pounds melted, from 1,393,523 to 

1,112,773, to produce the same amount of product.  
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Table 10: Pre- and Post-Retrofit Production 

Production 

Parameter 

2015 

(Post) 

2015 
Without 

Software 
(Pre) 

Change, 
Pre to 
Post 

Pre-case calculation method or 

assumption source 

Yearly lbs poured 1,033,215 1,265,688 -232,473 
Pre-Yearly lbs poured = 2015 lbs of Product / 2012 
Avg Yield 

Scrap Rate 7.70% 10.10% -2.40% Pre uses 2012 value provided by site 

Average Yield 49.00% 40.00% 9.00% Pre uses 2012 value provided by site 

Scrap Re-Melted 79,558 127,835 -48,277 Scrap Re-Melted = Scrap rate * Yearly lbs poured 

Total lbs Melted 1,112,773 1,393,523 -280,750 
Total lbs Melted = Scrap Re-Melted + Yearly lbs 
poured 

Total lbs of Product 506,275 506,275 0 Average yield * Yearly lbs poured 

 

Table 11 compares the key calculation parameters used in the evaluation study to the same values from the 

TA study. This evaluation estimates that the software has reduced the scrap rate and increased the average 

yield more than originally estimated. As a result, even though production is 63% lower in the evaluation, the 

melt weight saved is only 83% lower than the TA estimate. 

Table 11: Comparison of Furnace Efficiency 

Parameter TA Study Evaluated 
Evaluated/ 
TA Study 

Total lbs of Product 809,595 506,275 63% 

Scrap Rate Change, Pre to Post -1.00% -2.40% 240% 

Average Yield Change, Pre to Post 6.36% 9.00% 142% 

Total Melt Weight Change, Pre to Post -336,498 -280,750 83% 

 

The 37% reduction in production output shown above is a primary driver of the savings variance between 

the TA and evaluation savings estimates.  DNV GL reviewed the site’s total energy consumption from 2012 

to 2015. As part of the review, the evaluation also estimated the production energy occurring in each year 

by assuming that production energy for each hour equaled the difference between the hourly energy 

consumed and 140 kWh. This 140 kWh threshold was used since the production energy estimated for 2015 

using this threshold equals the installed furnace energy estimated based on the total melt weight and 

assumed furnace efficiency for each furnace. Table 12 shows a consistent drop in total energy consumption 

and estimated production energy year over year since the TA estimate was completed. These values support 

the estimated reduction in facility production from the TA study to the evaluation. 

Table 12: Facility energy consumption by year 

Year 
Total Facility  

Energy  
(kWh) 

% of  
2012 

Estimated  
Production Energy  

(kWh) 

% of  
2012 

2012 1,740,453   847,034 
 

2013 1,589,923 91% 715,146 84% 

2014 1,516,356 87% 661,529 78% 

2015 1,458,754 84% 561,679 66% 
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Annual Furnace Energy Savings 

Evaluated annual energy savings are based on the calculated 280,750 lb. change in total melt weight, the 

calculated percent of production by furnace, and the furnace efficiency calculated in the TA study.  

Table 13: Annual furnace energy savings 

Furnace 
% of 

Production 

Annual Melt 
Saved  
(lbs.) 

Furnace 
Efficiency 
(kWh/lb) 

Annual Energy 
Savings  
(kWh) 

Furnace 1 27% 74,562 0.427 31,838 

Furnace 2 29% 82,018 0.427 35,022 

Furnace 3 2% 4,871 0.401 1,953 

Furnace 4 42% 119,299 0.375 44,737 

Total 100% 280,750   113,550 

 

Table 14 compares the percentage of production used by the TA and the evaluation. The differences in each 

furnace’s % of production between the evaluation and the TA study are significant due to irregular 

production and Furnace 2 maintenance during the TA monitoring period. However, the differences only 

result in a 1% increase in the weighted average furnace efficiency. 

Table 14: Furnace Percentage of Total Production 

Furnace 
Furnace Efficiency  

(kWh/lb) 
TA Study Evaluated Evaluated/TA 

Furnace 1 0.427 46% 27% 58% 

Furnace 2 0.427 1% 29% 2921% 

Furnace 3 0.401 2% 2% 87% 

Furnace 4 0.375 51% 42% 83% 

Weighted Average   0.400 0.404 101% 

 

Power Supply Cooling Savings 

The power supply cooling system could not be monitored during the site visit. The energy savings from the 

power supply cooling was calculated using the TA’s methodology and assumptions.  This calculation assumed 

31.3% thermal efficiency, 75% heat rejection to be cooled, and 0.1 kW/ton of cooling. Table 15 summarizes 

this calculation. The resulting cooling savings estimate is 1,664 kWh. Combined the with furnace savings, 

the total evaluated savings for the project is estimated to be 115,214 kWh. 

Table 15: Power Supply Savings Calculation 

Parameter Pre Post Savings 

% Lost 69% 69%   

Furnace Energy (kWh) 563,614 450,064 113,550 

kWh Rejected Heat 387,203 309,194 78,009 

% kWh Rejected 75% 75%   

Cooling kWh 290,402 231,895 58,507 

Cooling ton-hrs 82,571 65,936 16,635 

kW/ton 0.10 0.10   

Cooling Energy (kWh) 8,257 6,594 1,664 

Total Energy (kWh) 571,871 456,657 115,214 

 

http://www.dnvgl.com/


 

Page 12 of 13 

 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 

 

 

On-Peak Energy and Demand Savings 

The evaluation distributed the estimated annual energy savings to each hour in 8760 spreadsheet analysis 

to estimate peak energy and demand impacts. The savings distributed to each hour was determined based 

on the percent of estimated 2015 production energy to have occurred in that hour. The evaluation used the 

same 140 kWh threshold for production energy discussed above. Peak demand impacts were estimated 

based on the average hourly savings occurring during the defined peak periods. Percent on-peak energy 

savings were calculated by dividing the sum of on-peak hourly energy savings by the annual savings 

estimate.  

Table 16 shows an informative example of this calculation for the summer peak period on 06/10/2015. The 

facility energy was not above the 140 kWh in two of the four hours shown, so no savings are assumed to 

have occurred during those hours. 

Table 16: Example calculation of hourly savings, 06/10/2015 

Hour 
Starting 

Total Facility 
Energy  
(kWh) 

Estimated  
Production Energy 

(kWh) 

% of Annual 
Production  

Energy 

Hourly Energy 
Savings  
(kWh) 

1:00 PM 312.35 172.35 0.0307% 35.35 

2:00 PM 192.78 52.78 0.0094% 10.83 

3:00 PM 138.35 0.00 0% 0 

4:00 PM 130.66 0.00 0% 0 

 

The following are key results from this analysis: 

 Summer peak demand savings are estimated at 11.4 kW. The calculations estimate that the 

furnaces are typically shut down sometime during the period. As a result, peak savings are only 

achieved in some hours. This aligns with the TA assumptions that peak savings would only occur in 

the first two of the four hours. 

 The hourly energy consumption prior to the summer peak hours was typically higher, so the savings 

estimated in the peak hours is lower than the average demand savings achieved. This results in a 

lower summer peak savings estimate than the TA. 

 No winter demand on-peak demand savings were achieved as no production energy was estimated 

for these hours. This aligns with the TA study and information received from the site.  

 Nearly all energy savings occur during energy peak hours aligning with the TA’s estimate and the 

information received from the facility. The analysis estimated that 97.1% of energy savings occur on 

peak. 
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EVALUATION RESULTS 

Table 17 summarizes the evaluation results for the project. The annual energy savings and summer peak 

demand savings are lower due to significantly lower production at the facility. The impact of the reduction in 

production is partially offset by better than anticipated performance improvements due to the software’s 

installation. The summer peak demand savings realization rate is lower than energy savings realization rate 

due to differences in how the evaluation and TA estimated when during the year savings occur. The % of 

energy savings on peak remained essentially unchanged as the operating schedule was consistent in both 

the pre-retrofit and post-retrofit case and was consistent with the tracking estimate.  

Table 17: Project Results by Measure.  

Savings Quantity 
Tracking 

Estimate 

Evaluation 

Estimate 

Realization 

Rate 

Electric energy (kWh) 138,026 115,213 83% 

% of Energy Savings on Peak 96.6% 97.07% 100% 

Summer On-Peak Demand (kW) 20.7 11.4 55% 

Winter On-Peak Demand (kW) 0 0 -- 

 

Discrepancy Analysis 

The energy and demand savings discrepancies can be attributed to the following primary reasons: 

1. 37% reduction in facility production between the TA and evaluation. This reduces savings by 37% if 

all other assumptions are the same. 

2. Evaluation estimated that the software reduced the scrap rate by 2.4% instead of the 1% assumed 

in the TA analysis. This increases energy savings. 

3. Evaluation estimated that the software increased the average yield by 9.0% instead of the 6.4% 

assumed in the TA calculations. This increases energy savings. 

4. The TA estimated summer demand reduction by estimating an average production per day over 312 

assumed production days and assuming that the resulting average power reduction only occurred 

during two of the four summer peak hours. The evaluation analysis, using the utility meter data, 

suggests that production levels during summer peak hours are even lower. This further reduced the 

summer peak impact. 

 

Improvement Opportunities 

The variance between the TA and evaluation estimates of savings would have been lower if the TA had more 

accurately estimated future production levels. Accurately forecasting future production levels is difficult, if 

not impossible. National Grid could consider estimating savings at a reduced production than that provided 

by the site to mitigate the risk of overestimating savings. However, doing this could impact the incentives 

paid to acquire these savings so any change should be carefully considered. 
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PROJECT DESCRIPTION 

The project was a retrofit at a 125,000 ft2 steel and composite tank manufacturing facility. The project 

installed a process equipment monitoring system to allow personnel to monitor equipment and control 

individual electric loads on the overall facility load. The intended measure, according to an initial study 

included in the documentation, was the monitoring of seventeen process loads including an extruder, an 

electric oven, air compressors, one process cooling water chiller, three exhaust fans, four part washers, and 

various pieces of process equipment. However, the installed monitoring system only controls the operating 

hours of the electric oven, differing significantly from the documented system in the Minimum Requirements 

Document (MRD). The installed measure saves energy by preventing unnecessary oven operation on Fridays 

and during the weekend. Savings for the project are shown Table 1. The savings variance is primarily due to 

the difference between the actual installed project and project described in the MRD. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 105,000 5,875 5.6% 

% of Energy Savings on Peak 46% 15.6% 33.9% 

Summer On-Peak Demand (kW) 26.3 0.0 0% 

Winter On-Peak Demand (kW) 26.3 0.0 0% 
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TRACKING SAVINGS 

In the TA baseline, the facility was assumed to manually control when all process equipment operated. 

Facility wide 15-minute interval data showed equipment turning on early Monday morning and shutting off 

between Thursday night and mid-day on Friday. The actual shut off time of equipment depended on the 

process load. Without the monitoring system, process equipment left on after the end of the production 

cycle could, potentially, run through the weekend. The actual operation of equipment prior to the project, as 

indicated in the interval data, was assumed to represent the baseline operating profile.  

Proposed Condition 

The TA proposed case included the installation of a process equipment monitoring system on the facility’s 

major process equipment.  It appears from the TA study that the measure was expected to allow the facility 

to monitor equipment electric loads and prevent multiple pieces of equipment from running longer than 

necessary. The load monitoring system was expected to include wireless communication that would provide 

real-time power data to a local computer as well as the equipment amperage and temperature data. The TA 

assumed that the system would produce energy savings by reducing equipment operation.   

Tracking Calculation Methodology 

The TA did not estimate baseline and proposed consumption separately. Instead, savings were calculated by 

estimating how many hours of reduced operation would be achieved and how much load could be shed 

during those hours. The calculations were done using an Excel spreadsheet. The baseline operating profile 

was estimated using available 15-minute interval facility power demand data from November 2010 to 

October 2011, a purchased analysis software package, and data of equipment amperage collected by the 

TA.  

Potential opportunities for energy savings were determined by identifying anomalies where the facility kW 

and usage hours were outside of the assumed normal production schedule. The TA used the interval data to 

identify variations in typical load profiles on a day-to-day and week-to-week basis. When anomalous facility 

consumption indicated equipment was left on when there was no consumption expected, the TA assumed it 

shouldn’t have been operating and therefore represented potential savings.  

Based on the interval data analysis completed, the tracking savings were calculated by assuming the 

measure would achieve a 150 kW demand reduction from night loads during 300 hours per year and a 300 

kW demand reduction in start/stop loads during a separate 200 hours per year. The estimated power 

reductions appear to be based estimates of the involved equipment’s operating power, but the source is not 

completely clear in the project documentation. The hours per year of reduction was calculated based on 

assuming that 50% of certain operating hours included unnecessary operation that would be avoided once 

the monitoring system was installed. These hours used and the 50% assumption appear to be assumptions 

based on the data available. 

Table 2 shows the calculation used to estimate energy savings. The Reduction hours/year are calculated by 

multiplying the four preceding columns together. Energy savings are determined by multiplying the Power 

Reduction and Reduction hours/year. 
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Table 2: TA Analysis Summary 

Type 
Power 

Reduction 
(kW) 

hours/ day 
days/ 
week 

weeks/ 
year 

% 
Occurrence 

Reduction 
hours/ 

year 

Annual 
Energy 
Savings 
(kWh) 

Night loads 150 3 4 50 50% 300 45,000 

Start/stop loads 300 2 4 50 50% 200 60,000 

Total             105,000 

 

The documentation provided does not show how the summer and winter demand reduction estimates of 

26.3 kW or how the percent of energy savings expected to occur on peak were calculated. 

Evaluator Assessment of Tracking Savings 

Though the overall method in theory was reasonable, the evaluation identified the following issues with the 

tracking analysis’s specific calculations and documentation.  

1. The TA calculation spreadsheet does not clearly document how the inputs to the savings calculations 

were determined or their source. The calculation appears to develop the estimates from a 

comparison of the 15-minute interval data and equipment operating power estimates. This 

comparison appears to have resulted in the assumed 150 kW demand reduction for night loads and 

300 kW demand reduction for start/stop loads, but it is not explicitly clear how these demand 

reduction values were calculated. In addition, the hours per day and days per week for the night 

loads and start/stop loads did not match those given by the facility manager.   

2. It is not known how usage was classified as “anomalous” when determining savings.  

3. The savings spreadsheet shows the kW estimates for lighting and air compressors, but does not 

show any values for the oven. It is not known how the savings incorporated the electric oven’s 

energy usage (if at all) or what assumptions they made about the electric oven. 

4. The TA calculations assumed that the facility’s process equipment would not be shut down properly 

50% of the time even without the measure. It is not documented how the 50% was calculated or 

why it was assumed. 

5. The calculation spreadsheet does not show the calculation of peak demand reduction. It is therefore 

unknown what assumptions were used to estimate the tracked values. 
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PROJECT EVALUATION 

This section summarizes the methodology and assumptions used to estimate the evaluated savings for the 

project.  

Measure Verification 

The evaluator spoke with the site prior to visiting to learn more about the project and current equipment 

controlled. During this conversation, the evaluation learned that the measure was not installed according to 

the project’s MRD. The evaluator learned that the monitoring system was installed at the end of 2013 and 

only on an electric oven, not all of the process equipment listed in the TA study. This was confirmed during 

the site visit through conversations with the facility manager, the equipment vendor and through visual 

inspection.  

The installed monitoring system alerts the facility manager at noon and 3PM every Friday, through a text 

message notification, stating the current status of the oven. If the oven is not supposed to be on when the 

notification is received, the facility manager can shut the oven down remotely through his phone, or do so 

when production ends. The site contact stated that they remembered four times in the two years since 

measure installation that they turned the oven off remotely. The site contact also stated that they believed 

facility staff was better controlling the oven now that a monitoring system was installed that would notify 

their manager, if the oven was inadvertently left on. Table 3 shows how the measure was verified.  

Table 3: Measure Verification 

Measure Name Verification Method Verification Result 

Process Equipment Monitoring 

System 

Visual field verification, equipment 

monitoring, and site personnel 

interview  

The Equipment monitoring system was 

installed on the electric oven only. It 

was not installed on any other 

equipment. This is a deviation from 

the signed MRD. Installed equipment 

is expected to provide some savings. 

 

Data Collection 

The evaluator monitored the electric oven and three newly installed injection molding machines with the 

Dent ElitePro loggers for four weeks starting on April 8th, 2016. While the electric oven was found to be the 

only piece of equipment connected to the monitoring system, monitoring the three injection molding 

machines, which are a known correlated load, was expected to help compare oven and facility energy 

consumption. The injection molding machines were monitored to allow the evaluator to better isolate the 

electric oven from other facility processes. The facility was asked to run the injection molding machines on 

one of the Fridays during the monitoring period to help establish a more accurate operating profile when 

comparing to the utility’s 15-minute interval data.   

The injection molding machine’s nameplate information and installation date was also collected during the 

return visit. The evaluation received over three years of 15-minute interval load data for the whole facility, 

including the data coincident with the equipment monitoring period.  The data collected and received for the 

analysis are shown in Table 4 and Table 5.  
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Table 4: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment Brand and 

Model 
Duration 

Metering 

Interval 

Oven kW and Operating Hours Dent ElitePro Logger 4 weeks 5 minutes 

IMM kW and Operating Hours Dent ElitePro Logger 4 weeks 5 minutes 

Table 5: Evaluation Data Collection – Data Received 

Parameter Source Interval Duration/Notes 

Facility Energy 

Consumption 

Utility Meter 

Data 
15 minutes 2012-2016 (end of metering period) 

Non-Monitored 

Equipment 

Operating 

Schedule 

Site Contact 

Interview 
N/A 

The equipment not monitored by the evaluation operates from 

Monday through Friday, with a 2-hour night time shut off from 

2:30-4:30AM. Most equipment is shut off by 2:30AM on Friday. 

Oven Operating 

Schedule 

Site Contact 

Interview 
N/A 

The oven typically operates continuously from 4AM Monday 

through 10AM Friday. However, actual optimal oven off time 

varies based on the week’s manufacturing needs. They oven can 

be scheduled to run late on Friday or even in to Saturday. 

 

The oven runs at a consistent temperature of 160°F when it is on 

and does not have a stepped shut down. 

IMM Operating 

Schedule 

Site Contact 

Interview 
N/A 

IMM operation follows a similar schedule to the non-monitored 

equipment except that they often run past 2:30 AM on Friday. 

Facility Production 

Volume 

Site Contact 

Interview 
N/A 

Total production has increased by about 20% from about 100,000 

to 120,000 units since the monitoring system was installed. To 

achieve the increase in volume, the oven processes more product 

during its operating hours by packing more units in the oven at a 

time. Because of this, the increased production should not have a 

significant impact on the oven’s energy usage or operating 

schedule.  

 

The three injection molding machines were added to the facility in 

2013.   

 

Monitored Data Review 

Figure 1 shows the four weeks of oven and IMM power monitoring. Typical oven demand ranged from 60 kW 

to 80kW with an average demand of 69 kW during operation. The three injection molding machines had a 

similar operating schedule. When operating, the total IMM demand ranged between 45 and 72kW with an 

average kW of 53kW when operating. Figure 2 shows the interval data provided by the utility and the oven 

data. Facility demand was 800 – 900 kW when operating and 100 – 140 kW when the facility was closed.  
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Figure 1: Oven and IMM Operating Monitoring Data 

 

 

Figure 2: Facility, Oven, and IMM kW during Monitoring Period 
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Evaluation Baseline Case 

The baseline for this project was the equipment operation prior to any load monitoring. The evaluator 

confirmed with the site contact that the site could have continued to run the oven with manual shut downs 

and the decision to invest in load monitoring was made, strictly, to save energy.  The oven’s operating 

schedule in the baseline case is assumed to be shown in the pre-retrofit facility interval data. 

Typical oven operation is assumed to be oven on at 4AM every Monday and off manually, usually, around 

10AM every Friday. However, due to variances or required shifts in production, the oven could have needed 

to run later into Friday or even into Saturday. Because the oven was shut down manually, the oven could, 

potentially, be turned off later than in the day than optimal or not at all. This resulted in the oven 

sometimes running unnecessarily through Friday and the weekend.  

Evaluation Installed Case 

The only difference assumed between the baseline and installed case is the notification system and ability to 

remotely shut the oven down. The installed case ran the oven with the same operating schedule and 

temperature as in the baseline condition.  

Aside from the oven, three injection molding machines were added to the facility around the same time as 

the installation of the measure. Besides the normal operation Monday through Friday morning operation 

discussed above, the injection molding machines were estimated by the facility manager to operate about 

six times a year on Fridays and never operating on the weekends.  

Savings Analysis 

While various methodologies were considered, the evaluator chose to estimate savings based on identifying 

the average hour when the oven was expected to be turned off, based on interval data before and after the 

monitoring system was installed. The evaluation concludes that the methodology selected provides the most 

defensible estimate of savings achieved by this measure. 

The evaluation analysis focuses on reviewing facility consumption on Fridays, Saturdays, and Sundays. No 

savings from the measure are expected during regular Monday – Thursday production. Since the oven can 

be scheduled to operate past 10 AM on Fridays and the site contact stated that plant operators may be 

better controlling the equipment, the objective of the analysis was to estimate if the oven appears to be 

turning off earlier on average after the measures installation compared to the pre-retrofit period.  The 

evaluation tries to quantify savings to also include the changes in behaviour of staff knowing that the 

monitoring system is checking their performance on shutting down the oven when appropriate. 

Figure 3  compares the oven and IMM monitored data to facility consumption on Fridays only. Most facility 

operations are shut off early on Fridays by around 4:00 AM, dropping the facility’s demand to about 300 – 

400 kW. Demand then fluctuates during each Friday until it drops to a flat no-production demand of about 

112 kW.  

The injection molding machines are not expected to operate on weekends. During the monitoring period the 

injection molding machines were always off by the end of Friday and ran for significantly different periods of 

time on Fridays than the oven. During the metering period, the IMMs ran both shorter and longer on Fridays 

than the oven. This complicates the evaluation’s ability to isolate the oven’s shut off time from the IMM shut 

off time.  However, the facility manager stated in follow up discussions that extended Friday IMM operation 

http://www.dnvgl.com/


 

Page 8 of 16 

 

DNV GL. 67 South Bedford Street, Suite 201 East. Burlington, MA. www.dnvgl.com MA CIEC Project 47 – Site Report 

 

 

only occurs about six times a year. The IMMs are regularly off by noon on Friday. The latest IMM operation 

observed by the evaluation was on 4/29/16.   

When the interval data and oven monitoring data were compared side-by-side, the 69kW drop in power, 

indicative of the oven shut down, on Fridays is visible in the interval data. During the monitored Fridays, the 

interval data dropped to 280kW three times and the 200kW level once when the oven was shut off.  Based 

on this comparison, the evaluation concluded the following: 

 The oven shut off is directly observable in the interval data under some, but not all scenarios. The 

existence of the IMMs and other facility loads sometimes prevent direct observation of the oven shut 

off. 

 The oven was always off by the time the facility’s demand dropped below 200 kW, but sometimes 

turned off before the facility kW dropped to this level. 

Figure 3: Monitored Friday Operation 

 

 

Interval Data Review 

Figure 4 shows the average facility kW on Fridays through Sunday by year. There is a relatively wide range 

of kW values on Fridays on a year-to-year basis. However, the same basic profile exists in the pre-retrofit 

(represented by 2012 and 2013) and installed case (represented by 2014-2016). There is a visible increase 

in electricity usage in 2015, specifically, but the facility manager could not account for this usage when 

interviewed. This is reflected in the significantly higher installed case kW on Fridays. The late slight spike in 

Sunday power consumption is extruders being turned on at 8-9 PM each week. However, even with the 
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spikes and wide range of kW values, the idle kW and kW during oven operation in both the pre-retrofit and 

installed case are very similar, since most equipment other than idle loads and the oven, are shut off around 

the same time each day.   

Figure 4: Yearly Friday - Sunday Operating Load Profile 

 

 

Annual Savings Analysis 

Given the inability to confidently identify oven shut-off in the interval data and the lack to significant change 

in the average operating profile, the evaluation chose to estimate savings based on identifying the average 

hour when the oven is expected to be off.  This hour was assumed to be the last time during each week 

when the facility’s power consumption is still above 200kW, the power threshold where it is reasonable to 

assume that the oven has been shut off in both the baseline and installed case. This threshold was set to 

200kW because it is the lowest kW level reached by the facility during the monitoring period shortly after 

the oven was shut off. This was found to be a reasonable level for the baseline condition as well, prior to the 

installation of the injection molding machines, and is in line with the typical non-production load assumption 

used in the tracking analysis. Sunday evening consumption was excluded from this analysis due to the 

known operation of other equipment. Table 6 shows the average estimated end of week shut-off hour for 

each year in the collected interval data.  

Table 6: Average Oven Shut-Off Time By Year 

Year 2012 2013 2014 2015 2016 

Average Shut-Off Hour 19.7 19.0 18.0 19.9 19.6 

Friday Saturday Sunday 
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Energy savings are estimated based on the difference in shutoff time between the pre- and post-retrofit 

periods. The evaluation uses 2012 as the pre-period since the program was working with the customer 

during 2013. Due to the site’s indication that production has increased in recent years and no ability to 

determine if this has impacted weekend operating hours, the evaluation chose to use 2014 as the post-

period to isolate the change in consumption due to this measure. The difference in shut-off time is multiplied 

by the annual work weeks to determine the annual energy savings.  

The analysis results indicate the oven was shut off, on average, about 1.7 hours earlier in the installed case 

than in the pre-retrofit condition, which results in 5,875 kWh of energy savings annually over the 50 work 

weeks per year, as shown in Table 7.  

Table 7: Annual Hour and Energy Savings 

Annual Savings Pre-Retrofit Post-Retrofit Notes 

Average Shut-Off Hour 19.7 18.0 
In this analysis, Midnight Friday = 0 hour and 
Midnight Monday = 72 hour. 

Hour Savings 1.7  

Weeks per Year 50  

Annual Hour Savings 85  

Average Oven kW 69  

Total Annual kWh Savings 5,875  

 

The average shut-off hour each week falls between 6 PM and 8 PM Friday depending on the year. This is 

primarily due to weekend facility operations during the year. Figure 5 shows 15-minute facility consumption 

throughout 2012 with each row representing one weekend, Friday – Sunday. Figure 6 shows the same chart 

for 2014. Table 8 is a key for reading these figures. 

Table 8: Heat map key 
 Description 

 The red parts of each chart represent intervals with demand above 280 kW, when it can 
reasonably assumed the oven was on. 

 
The green parts of each chart represent 200 – 280 kW when it is uncertain if the oven was 
on or off, but assumed to be on for the estimate of savings. 

 
The white parts of the chart represent intervals with demand below 200 kW when it can be 
assumed the oven was off.  

Grey lines The vertical grey lines occur at noon and midnight. 

Black line The vertical black line is the calculated average shut-off hour. 

 

As can be seen from the figures, while facility demand was often below 200 kW by 6:00 PM on Fridays in 

2012, a few weekends of assumed operation (shown through the extended red and green lines across the 

figure) increase the calculated average shut-off hour, resulting in a later than expected average shut-off 

time compared to our direct monitoring of the oven. This occurred in both 2012 and 2014. The evaluation 

concluded that even though the shut-off is later than shown in the monitoring data, the difference in the 

estimated shut-off time between the two years is observable and is the best available value for the estimate 

of achieved energy savings.   
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Figure 5: Energy Consumption on Fridays and Weekends for 2012 (Pre-Retrofit) 

 

Figure 6: Energy Consumption on Fridays and Weekends for 2014 (Post-Retrofit) 
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Figure 7 shows the pre- and post-retrofit average weekend (Friday – Sunday) operating load profiles. The 

similarity of the the profiles supports the similar average shut-off times and magnitude of savings estimated. 

Figure 7: Pre-Retrofit and Installed Case Friday-Sunday Operation 

 

Peak Demand Savings 

The seasonal peak savings was calculated using the same methodology as the energy analysis described 

above, but only for Fridays during the seasonal peak months to determine the average shut-off time. The 

savings was calculated using only Fridays because peak savings only occur on weekdays and the oven 

operation only differ on Fridays from the installed measure. The average shut-off hours were then compared 

between the pre- and post-retrofit periods to determine the difference in operating hours and determine if 

the shut-off hours fell between the peak periods shown in Table 9.  

Table 9: Peak Period 

 Summer 
Demand 

Winter 
Demand 

Peak Start (hour beginning) 13:00 17:00 

Peak End (hour ending) 17:00 19:00 

Peak Months June - Aug Dec - Jan 

 

The shut-off hours on Fridays during each of the peak periods is shown in Table 10. The different results by 

peak period are due to the different months included in each analysis. During both seasonal peak periods, 

the difference in average shut-off time in both the pre- and post-retrofit periods fell outside of the peak 

hours, resulting in no peak measure impact.  

Table 10: Shut-Off Hour during Peak Days 

Peak Savings 
Pre-

Retrofit 
Post-

Retrofit 
Evaluation 

Savings 
Note 

Average Summer Shut-Off Hour 17.9 17.0 0 kW Outside Peak Period 

Average Winter Shut-Off Hour 14.3 16.7 0 kW Outside Peak Period 

Friday Saturday Sunday 
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Percent On-peak Energy Savings 

It is difficult to confidently estimate the percent of energy savings occurring during the energy peak period. 

The analysis estimates that annual savings are occurring, but the evaluation does not know when during the 

weekend period these savings are occurring during the year. The potential for savings occurs over 64 hours 

starting at 12 PM on Friday and ending at 4 AM on Monday. The ten hours from 12 PM to 10 PM on Friday 

are on-peak hours. This is 15.6% of the potential savings period. The evaluations uses this value as the 

estimate of percent of energy saved during peak periods as it assumes an equal distribution of savings 

across the potential savings period. 

Alternative Savings Methodology 1 

The evaluation savings analysis above determines if the installation of the measure resulted in a change in 

oven operation, both via the installed controls and due to change in operator behavior. The analysis 

inherently assumes that fluctuations in production volume have had no impact on oven operating schedule 

and that all other changes at the facility occur randomly and evenly within the pre and post periods.  

This alternative analysis only considers the impact of shutting off the oven after a notification was received 

and it shouldn’t be operating. The analysis assumes the site’s estimate that they shutdown the oven 4 times 

in 2 years after receiving an alert is accurate and assumes that each shutdown prevented 61 hours of 

unnecessary oven operation. This analysis estimates savings of 8,418 kWh is higher than the primary 

evaluation estimate, but still less than 10% of tracking. The evaluator believes that the lower value more 

accurately estimates achieved energy savings as it is supported by collected data and assumptions 

developed from data.  This alternative analysis does support the magnitude of savings estimated. 

Table 11: Alternative Energy Savings Estimate 

Annual Savings 
Pre-

Retrofit 
Post-

Retrofit 
Assumptions 

Shut-Off Hour,  
Midnight Friday = 0 hour 

76 15 

Assumes that in the absence of control, oven would have operated 
until 4 AM on Monday (Hour 76 from Midnight Friday). With 
control, plant manager shut oven off at 3 PM Friday (2nd text 
message). 

Hour Savings 61  

Weeks per Year 2 50% of estimated 4 events per year. 

Annual Hour Savings 122  

Oven kW 69  

Total Annual kWh Savings 8,418  

 

Alternative Savings Methodology 2 

In a third analysis, the evaluation estimated savings based on the number of assumed weekend oven 

operating hours during each year in the interval data. For this analysis, operating hours were identified as 

hours with average facility demand above a demand threshold occurring between 12:00 AM Friday and 6:00 

PM Sunday (66 hours per week). Hours after 6 PM Sunday were not analyzed since other equipment at the 

facility is known to be operating during this time. The analysis was completed twice with two demand 

thresholds, 200 kW and 280 kW. The number of identified operating hours in each year was divided by the 

available hours in the weekend period during each year to calculate a %ON parameter. Savings is calculated 
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using the difference in %ON between 2012 and 2014, the oven operating power, and 66 hours per week 

over 52 weeks. Table 12 shows the results of this analysis. 

Table 12: %ON analysis results 

Demand Threshold 2012 2014 Difference Annual Savings (kWh) 

Oven ON when power > 200 kW 25.6% 24.1% 1.5% 3,658 

Oven ON when power > 280 kW 17.7% 15.4% 2.3% 5,522 

 

The difference between this analysis and the primary evaluation analysis is the treatment of periods of time 

when facility demand fluctuates above and below the set thresholds. In this methodology, there is no 

consideration for the demand profile before or after each interval. Again, the evaluator believes that the 

primary value more accurately estimates achieved energy savings as it is considers the demand profile.  

However, this alternative analysis supports the magnitude of savings being achieved and demonstrates that 

savings could be lower depending on how the uncertainty is addressed. 
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EVALUATION RESULTS 

The evaluation calculated savings using multiple different methodologies considering different assumptions 

and the information provided by the facility manager, utility interval data, and monitoring data. Given the 

measure installed, oven demand, facility demand, and coincident IMM operation, all savings estimates are 

more uncertain that the evaluation would prefer. However, it is clear that any savings achievement is less 

than 10% of the savings tracked. Final evaluated savings represent the most accurate estimate of achieved 

savings based on the data gathered and measure installed. 

The evaluation found the savings from the energy conservation measure to be 5,875 kWh annually, a 

realization rate of 5.6%. The percentage of Energy Savings on Peak was found to be 15.6%, as opposed to 

the 46% shown in the tracking analysis. There were also no evaluated seasonal on-peak demand savings 

compared to the 26.3kW estimated in the tracking analysis. 

The primary driver of the large variance in savings is the difference between the equipment installed and the 

equipment expected to be installed in the analysis. The installed measure was found to be different than the 

measure described in the final project MRD. 

Table 13: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 105,000 5,875 5.6% 

% of Energy Savings on Peak 46% 15.6% 33.9% 

Summer On-Peak Demand (kW) 26.3 0.0 0% 

Winter On-Peak Demand (kW) 26.3 0.0 0% 

 

Comparison of Assumptions 

The tracking analysis assumed that the automated system would shut off process equipment each weekday 

night between 2AM and 4AM as well as going into the weekends. It also incorporates start/stop loads energy 

savings. However, the installed system is not fully automated for all process loads and was only installed to 

control the oven. Because of this, there are no start/stop loads and the night load savings only occur on 

Fridays. In addition, the tracking analysis assumed a 50% occurrence rate for automated night load and 

start/stop load savings, which is significantly above the estimates calculated during our analysis.  

Instead of utilizing an assumed occurrence rate, the evaluation used a 200kW threshold to determine when 

the oven was on or off. This number was determined to be a reasonable estimate as the on-site monitoring 

and interval data shows a consistent dip below 200kW once the oven has been shut off. However, this 

threshold still introduces some error, which results in uncertainty when estimating measure savings. This 

can be attributed to two main factors. The similarity in operation between the pre- and post-retrofit case 

may be due to the similar Friday operating profile of the new injection molding machines as well as 

occasional intentional weekend oven operation.  

The TA calculation spreadsheet does not clearly document how the inputs to the savings calculations were 

determined or their source. The calculation appears to develop the estimates from a comparison of the 15-
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minute interval data and equipment operating power estimates. This comparison appears to have resulted in 

the assumed 150 kW demand reduction for night loads and 300 kW demand reduction for start/stop loads, 

but it is not explicitly clear how these demand reduction values were calculated. In addition, the hours per 

day and days per week for the night loads and start/stop loads did not match those given by the facility 

manager. 

Discrepancy Analysis 

The original project documentation and MRD showed the installation of a monitoring system and automatic 

shut off system on most major production equipment in the facility. This system was very different from 

what was ultimately installed at the facility. The installed system was only ultimately installed on an oven, 

cutting the savings significantly from the original estimate. The facility deemed the oven as the only piece of 

equipment that was deemed feasible for the measure by the facility manager. The other equipment was 

turned off often enough for the facility manager to choose not extend the measure to other equipment.  

In addition, the tracking estimate assumed an occurrence rate of 50%, resulting in about 500 hours of total 

savings across night loads and start/stop loads. However, the oven was shown to only be shut off on Fridays 

through the weekends and left on overnight during the work week, resulting in no night load savings. The 

evaluation also found that the majority of the savings was a result of energy savings over the weekend, not 

on Fridays, resulting in no significant difference in energy savings during the peak period.  
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SUMMARY 

This new construction project involved the installation of a 100-ton all-electric injection molding machine 

(IMM) at a 15,000 square foot precision injection molding facility.  The facility manufactures electrodes for 

use in medical devices.  The IMM was purchased in order to increase production capacity at the facility.  The 

tracking analysis estimated energy savings based on a 100-ton hydraulic IMM base case alternative. 

The evaluator interviewed the facility operations manager on December 18, 2015 to collect background 

information on the project and to assess the base case assumptions used in the tracking analysis.  This 

contact was directly involved with purchasing the new injection molding machine.   

According to the site, the facility did not consider purchasing a hydraulic IMM as an alternative to the all-

electric machine.  The facility currently operates twenty-three electric IMMs and one 1991 hydraulic machine.  

Since 1994 the facility has exclusively purchased electric injection molding machines when replacing existing 

machines or increasing the facility’s manufacturing capacity. 

When asked for the reasoning for the purchase of electric IMMs over hydraulic machines, the site explained 

that electric machines are cleaner and operate with an increased repeatability of cycles, and are more 

efficient as well.  This statement aligns with information gathered by this evaluation at other locations in 

Massachusetts, through interviews with equipment manufacturers, and through a review of available 

literature. The purchase of an all-electric injection molding machines represents the industry standard 

practice for the production of medical equipment. 

While this evaluation does not consider program attribution, the site also stated that the program incentive 

had no influence on the decision to purchase the electric IMM and that the program administrator was 

contacted after the machine was purchased in order to apply for an incentive.  

Based on the information provided by the site and the evaluation’s research of industry practices, the 

evaluation concludes that the equipment installed is equal to the industry’s standard practice and that no 

energy or demand savings are achieved by this project. The program incorrectly assumed a hydraulic 

machine baseline for this project.  The results of this evaluation are shown in Error! Reference source not 

found.. Further details regarding this project are discussed in the sections that follow. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 59,568 0 0% 

% of Energy Savings on Peak 46.39% - 0% 

Summer On-Peak Demand (kW) 8.00 0 0% 

Winter On-Peak Demand (kW) 8.00 0 0% 
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PROJECT DESCRIPTION 

The 15,000 square foot facility installed a new electric injection molding machine.  The site includes a total 

of twenty-four injection molding machines which are scheduled to operate 24/7.  Based on information from 

facility personnel, the site has typically replaced the old IMMs at a rate of about one per year.  Installed in 

1991, the hydraulic IMM is the oldest machine at the facility. 

According to information provided by the site, the injection molding machine evaluated in this study 

produces EKG electrodes, which are used in medical applications.  The machine produces the same injection 

molded components year round.   

The tracking analysis estimates the savings from installing a new 100-ton electric IMM versus operating a 

100-ton hydraulic injection molding machine.  The TA study savings result from a reduced average demand, 

due to improved installed case equipment performance. 

TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the tracking savings claimed 

for the project. 

Baseline 

The tracking analyst considered a base case of one 100-ton hydraulic IMM.  Base case demand was 

estimated based on a published paper, and run hours appear to be estimated based on conversations with 

the site.  

Table 2 provides a summary of the tracking analysis base case parameters. 

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) Source of Parameter Value Note 

Number of IMMs and types 
One 100-ton 

hydraulic  
  

Number of product types Not used    

Cycle time for each product Not used   

Average power demand during 
the production cycle 

10 kW 
Joseph, Babu. Injection Molding Machine 
Efficiencies. Southern California Edison 

Company: April 17, 2003 

 

Annual operating hours 7,446 24/7/365 with 15% downtime  

Annual production rate, kg or lb Not used    

Shot weight of plastic for each 
molding cycle 

Not used   

Baseline energy consumption 
metric (kWh/kg, or kWh/lb)  

Not used     

 

Proposed Condition 

The tracking analyst considered a proposed case of one 100-ton electric IMM.  Proposed case demand was 

estimated based on a published paper, and run hours appear to be estimated based on conversations with 

the site.  
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Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) Source of Parameter Value Note 

Number of IMMs and types One 100-ton electric 
 

  

Number of product types Not used    

Cycle time for each product Not used   

Average power demand during 
the production cycle 

2 kW 
Joseph, Babu. Injection Molding Machine 
Efficiencies. Southern California Edison 

Company: April 17, 2003 

 

Annual operating hours 7,446 24/7/365 with 15% downtime  

Annual production rate, kg or lb Not used   

Shot weight of plastic for each 
molding cycle 

Not used    

Number of parts  Not used     

Installed energy consumption 
metric (kWh/kg, or kWh/lb)  

Not used     

 

Tracking Calculation Methodology 

The proposed savings from the installed new all-electric IMM were estimated based on a reduction in 

average equipment power draw.  The reduction in power draw was expected due to the elimination of 

hydraulic system inefficiencies in the proposed case, particularly due to the hydraulic pump’s operating at 

constant speed through a cycle. 

The tracking analysis used the following approach: 

1. The average power demands were estimated based on a controlled study of 390 and 240-ton 

hydraulic and electric molding machines by Babu Joseph entitled Injection Molding Machine 

Efficiencies, published by Southern California Edison Company.  

It is unclear exactly how the data were extrapolated to the 100-ton machines.  The Joseph study 

cites 70-75% reductions in observed average input kW, and 76-77% savings calculated on a kWh/kg 

basis.  The TA made no mention of the shot sizes at this facility.  The source of the input kW 

magnitude is unclear, but the kW reduction (10 kW pre, 2 kW post) is similar to the Joseph study. 

2. The tracking analysis estimated 15% downtime for the site, which otherwise ran 24/7/365, 

according to the tracking analysis. 

The tracking analysis calculations are shown below: 

Demand reduction, 8 kW = Base case average power demand, 10 kW – Installed case average power 

demand, 2 kW  

Annual operating hours, 7,446 hours = Annual hours, 8,760 hours × Annual runtime, 85% 

Annual energy savings, 59,568 kWh = Demand reduction, 8 kW × Annual operating hours, 7,446 hours 

Peak demand savings were assumed to be equal to the calculated demand reduction.  It is unclear how the 

percent on-peak savings were calculated.   

There is no Minimum Requirements Document (MRD) for this project.  



Application: 51284       Page 4

  

 

 

 

  

PROJECT EVALUATION 

The evaluator visited the site on Friday, November 19, 2015, in order to perform metering on the installed 

case equipment, as well as to collect production data from the site.  The long-term meters were collected on 

Friday, December 18, 2015. The following table shows how the electric IMM installation measure was 

verified.  

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

Electric IMM Installation 

Yokogawa (~10 mins, 1 sec interval) 
3.1 kW average operating demand 

Wattnode Power Meter (~4 weeks, 10 
sec interval) 

509 hours operation metered (~73% 

average runtime) 

 

Data Collection 

To evaluate the realized energy savings for the electric IMM installation, the evaluation collected the 

following information: 

Table 5: Evaluation Data Collection – Data Collected 

Source Parameter Result 

Facility Personnel Operating schedule 
24/7, excluding 10 standard holidays, 
no scheduled maintenance shutdowns 

Production Data Annual production volume 331,736,640 parts (23,825 kg) per year 

Production Data Annual operating hours 5,277 hours (60.2% average runtime) 

Facility Personnel 
Weight of products produced or resin used 

during the metering period 
28,952,880 parts (2,079 kg) 

Facility Personnel Total number of molds used in production 1 (same year-round) 

Facility Personnel / 
Production Data 

Product shot weight 8.62 grams/shot (product only) 

Production Data Product cycle time 6.87 seconds/cycle 

Production Data Product parts per mold 120 parts/mold 

 

The evaluation also collected background information on the project based on a standardized questionnaire.  

This questionnaire was completed for all injection molding machine evaluation projects.  The purpose of the 

questionnaire was to assess the base case assumptions used in the tracking application.   

Equipment Inventory 

The evaluation asked the following questions to develop an inventory of the injection molding machines 

operated at the site: 

1. How many IMMs regularly operate at this facility? 

2. What percent of operating IMMs are hydraulic, hybrids, or all electric? 

3. Do the types of IMMs in use differ by sizes of machine, product produced, age, and/or another 

parameter?  

4. What is the range of machine age of IMMs at this facility? 

5. How many IMMs are less than 5 years old? 

The responses to these questions are included in the table below. 
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Table 6: Evaluation IMM Questionnaire – Location Specific Information 

Location Specific Questions Responses (Facility Personnel) 

1. Number of Operating IMMs 24 

2. Types of IMMs: Percent of total that are  

a. Hydraulic,  

b. Hybrid, or  

c. Electric 

4% Hydraulic (1 machine) 

0% Hybrid 

96% Electric (23 machines) 

3. Reasons for Machine Type Variation? The hydraulic is the oldest IMM.  The site will 
eventually replace it with an electric IMM. 

4. What is the range of machine ages? Hydraulic IMM: ~25 years old 
Electric IMMs: 2-22 years old 

5. Percent of IMMs 5 years or younger? 20-25% (5-6 machines) 

 

Purchase History & Rationale 

Additionally, the evaluation collected information on the recent IMM purchasing history at the site, covering 

a span of five years: 

6. What type of IMM was purchased? 

7. What size is the IMM? 

8. What year was it purchased? 

9. Was this purchased as new, used (secondary market) or refurbished equipment? 

10. Why did you purchase this IMM?   

a. Was this IMM purchased to expand production capability? 

b. Did it replace an existing IMM?   

c. (If machine replaced existing machine) Was that machine failing?  

d. (If previous machine was failing) How do you know that?  Did it require greater maintenance 

than normal (above regular)?  Was it very old?  Did the contractor indicate was failing? 

11. When purchasing this, what alternative types of IMM equipment did you consider? 

Finally, the evaluation collected information regarding the rationale for purchasing the type of injection 

molding machines installed at the site (over the last five years): 

12. Why did you choose not to purchase the alternative equipment type machine? 

13.  What were the most influential factors in your decision to this IMM over the alternative? 

14. On a scale of 1 to 5, 1 being no influence at all, and 5 being complete influence, how influential were 

these factors in making your decision? 

15. Did you receive a utility program incentive for this machine? 

16. Did the utility provide information or services for non-incentivized new hybrid or all electric 

machines that helped in your decision to purchase them? If so, please describe. 

17. On a scale of 1 to 5, 1 being no influence at all, and 5 being complete influence, how influential was 

the incentive in making your decision? 

18. Did you consider any non-energy benefits such as operational cost savings or production increases 

when selecting the hybrid or electric machine?  If so, please describe.  

19. On a scale of 1 to 5, 1 being no influence at all, and 5 being complete influence, how influential were 

these factors in making your decision?   
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The IMMs purchased by the facility in the last five years were all the same size and type of machine.  The 

responses to the questions above are provided in Table 7. 

Table 7: Evaluation IMM Questionnaire – Machine Specific Information 

Machine Specific Questions Responses (Facility Personnel) 

6. Type Electric 

7. Size (Tons) 110 tons 

8. Year of Purchase 2010-2013 (~1 per year) 

9. New/ used/ refurbished New 

10. Purpose for Purchase: Capacity increase 

11. Alternative Equipment None; site always purchases electric 

12. Reason for not choosing alternative Less clean, lower repeatability of cycles, less efficient 

13. Influential factors Cleaner, increased repeatability of cycles, more efficient 

14. Rate influential factors 5 

15. Receive incentive Yes 

16. Receive information N/A 

17. Rate incentives 1 

18. Non-energy impacts N/A 

19. Rate non-energy benefits N/A 

 

Evaluation Savings Analysis 

The energy savings are zero for this evaluation because the baseline is the same as the installed machine. 

Based on the information provided by the site, the evaluation concludes that the installation of an electric 

injection molding machine represents the standard practice at the facility, and that a hydraulic injection 

molding machine does not provide a realistic alternative to the installed case technology and its application.  

The evaluator supports this conclusion with the following key information gathered: 

1. According to facility personnel, the site did not consider purchasing a hydraulic machine as an 

alternative to the installed case machine. 

2. The site has exclusively purchased electric machines since 1994. 

3. The facility operates one hydraulic machine (out of twenty-four), purchased in 1991, which the site 

plans to replace. 

4. The utility incentive had no influence on the facility’s decision to purchase the electric IMM. 

5. According to facility personnel, the principal reasons for purchasing electric machines (listed from 

most to least influential) are: cleanliness, repeatability of cycles, efficiency. 

6. Based on secondary research, the use of electric injection molding machines for manufacturing 

medical components represents the industry standard practice, due to increased precision 

requirements, as well as clean room constraints. 
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.   

Discrepancy Analysis 

Table 8 summarizes the key drivers of the discrepancies between the tracking and evaluation savings 

estimates. 

Table 5: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Baseline Equipment 
Performance 

The program assumed a hydraulic IMM as the baseline 
alternative.  The evaluation concludes that a hydraulic IMM 
does not provide a practicable alternative to the installed 
case equipment, and that installation of an electric IMM 
represents the standard practice at the site.  

This evaluation concludes that no 
energy savings are achieved by 
the completion of this project. 

 

Improvement Opportunities 

The program supported the installation of a technology that the customer no longer purchased and was 

accepted as the industry standard practice for the production of medical devices.  In the future, the program 

should carefully consider claiming savings when a customer is no longer purchasing the baseline equipment 

at their facility. 
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UNITIL 02 
Program Administrator Unitil 

Project ID(s) 46972 

Project Type New Construction 

Program Year 2013 

Evaluation Firm DMI 

Evaluation Engineer Emily Shackleton 

Senior Engineer Jay Robbins 

 

SUMMARY 

A manufacturing facility installed a new dust collection system.  In the base case, this system would have a 

constant speed fan.  In the installed case, a VFD controls fan speed to maintain a static pressure setpoint at 

the inlet of the system, allowing the fan to start at a lower speed when the filter is clean and ramp up as the 

filter becomes dirty.  Savings are realized due to reduced fan back pressure and motor demand over the 

course of the filter life.  Table 1 provides a summary of tracking and evaluation savings for this project as 

well as the savings realization rate.   

Discrepancies between the tracking analyst and evaluation savings estimates result primarily from the fan’s 

operating at a much higher speed than expected.  Additionally, the evaluation observed fewer annual 

operating hours, as well as a lower fan motor load, as compared with the tracking analysis. 

Unitil followed up with the customer after receiving the results of the evaluation study, and implemented 

adjustments to the equipment settings in order to achieve greater savings than those indicated in the table 

below.  Because these changes were implemented as a direct result of the evaluation process, no 

modifications were made to the evaluation study findings. 

Table 1: Project Results 

Savings Quantity Tracking Estimate Evaluation Estimate Realization Rate 

Electric energy (kWh) 7,906 472 6% 

% of Energy Savings on Peak - 100% N/A 

Summer On-Peak Demand (kW) 2.43 0.06 3% 

Winter On-Peak Demand (kW) 1.64 0.00 0% 
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PROJECT DESCRIPTION 

A 15,000 square foot manufacturing facility installed a new dust collection system.  In the base case, this 

system would have a constant speed fan.  Because additional fan power is needed to meet the desired flow 

rate as the filter becomes dirty, a constant speed fan must be sized for this condition to provide a higher 

flow rate than necessary when the filter is clean.  Inlet damper control would be used to control airflow.  In 

the installed case, a VFD controls fan speed, allowing the fan to start at a lower speed when the filter is 

clean and ramp up as the filter becomes dirty.  The VFD is controlled to maintain a static pressure setpoint 

at the inlet of the system.   

Based on information from the site, the filter is cleaned approximately three times per day.  The automated 

cleaning process is initiated automatically when the pressure drop across the filter reaches a ‘dirty filter 

differential pressure setpoint’ of 4.6 in. w.g. (listed in Table 6).  The cleaning cycle stops when the low 

setpoint of 4.2 in. w.g. (also listed in Table 6) in achieved.  Electric savings result from reduced fan back 

pressure and motor demand when the filter is clean. 

This project was originally processed under the Retrofit program, and claimed a total of 93,250 kWh savings.  

During the period between the submission of program data to the evaluation team and the selection of the 

sample, the project was reviewed by Unitil and resubmitted as a New Construction project with savings 

reduced by 92% to the current tracking savings value shown.  

 

TRACKING SAVINGS 

This section summarizes the methodology and assumptions used to estimate the tracking savings claimed 

for the project. 

Baseline Condition 

In the base case, a 25-hp constant speed fan is used for dust collection purposes.  The tracking analysis 

assumed that the dust collection system operates from 7am to 5pm, five days per week, 52 weeks per year.  

Metering of a baseline case could not be performed. 

Table 2: Baseline Key Parameters 

  BASELINE 

Parameter Value(s) Source of Parameter Value Note 

Operating Hours 2,600 Site 
 

Fan motor efficiency 92% Unknown  

Full load motor demand 20.27 kW 
Nameplate data, Fan motor 

efficiency 
 

Fan motor percent demand 
with clean filter 

100% 

Energy Efficient Motor Systems: 

A Handbook on Technology, 
Program, and Policy 

Opportunities, Second Edition 

Estimated based 
on chart included 
in the appendix. 

Fan motor percent demand 
with dirty filter 

107% 

Energy Efficient Motor Systems: 
A Handbook on Technology, 

Program, and Policy 

Opportunities, Second Edition 

Estimated based 
on chart included 
in the appendix. 

The input kW for the clean filter condition was estimated assuming 100% CFM, using Figure A1 (chart 

included in the appendix).  The dirty filter condition input kW was calculated using the same chart but at 80% 

CFM.  This methodology yielded the 100% input kW for a clean filter and 107% input kW for a dirty filter 

values shown above in Table 2. 
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The tracking analysis estimates a higher percent fan demand at a higher pressure drop across the filter (the 

‘dirty filter’ pressure differential).  This is the result of the assumption that the fan will operate at a higher 

airflow when the filter is dirty; this is counter-intuitive from what a typical fan curve would suggest.  At 

higher pressures fans generally provide less airflow.  For the dirty filter condition, the evaluation anticipates 

lower airflow and fan motor percent brake horsepower requirement.  

Proposed Condition 

In the proposed case, a 25-hp variable-speed fan is used for dust collection purposes.  The tracking analysis 

assumes the same operating hours for the proposed case dust collection system as the assumed baseline 

hours of operation.   

Table 3: Proposed Key Parameters 

  PROPOSED 

Parameter Value(s) Source of Parameter Value Note 

Operating Hours 2,600 Site 
 

Fan motor efficiency 92% unknown  

Full load motor demand  20.27 kW 
Nameplate data, Fan motor 

efficiency 
 

Fan motor percent demand 
with clean filter 

65% 

Energy Efficient Motor Systems: 
A Handbook on Technology, 

Program, and Policy 
Opportunities, Second Edition 

Estimated based 
on chart included 
in the appendix. 

Fan motor percent demand 
with dirty filter 

112% 

Energy Efficient Motor Systems: 

A Handbook on Technology, 
Program, and Policy 

Opportunities, Second Edition 

Estimated based 
on chart included 
in the appendix. 

 

Tracking Calculation Methodology 

A spreadsheet analysis was performed to calculate savings for this measure.  Savings were calculated for 

the system operating both with a clean and with a dirty filter.  Assuming a linear change in energy 

consumption between the two states, the average demand savings value was multiplied by the annual 

operating hours to calculate annual energy savings. 

Full load motor demand, 20.27 kW = Motor power, 25 hp × 0.746 kW/hp ÷ Motor efficiency, 92% 

Average constant speed fan demand, 20.98 kW = Full load motor demand, 20.27 kW × (Clean filter 

percent demand, 100% + Dirty filter percent demand, 107%) ÷ Total values, 2 

Average VFD fan demand, 17.94 kW = Full load motor demand, 20.27 kW × (Clean filter percent 

demand, 65% + Dirty filter percent demand, 112%) ÷ Total values, 2 

Average demand savings, 3.04 kW = Average constant speed fan demand, 20.98 kW - Average VFD 

fan demand, 17.94 kW 

Annual energy savings, 7,906 kWh = Average demand savings, 3.04 kW × Annual hours, 2600 

hours 

The percentage of on-peak savings was not part of the application.  It is unclear how peak demand savings 

were calculated. 
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PROJECT EVALUATION 

The evaluation visited the site on Thursday, 11/19/2015, in order to perform metering on the installed case 

equipment, as well as to collect supplementary information from the site.  The long-term meters were 

collected on Friday, 12/18/2015.  Additionally, the evaluation visited the site on 1/7/2016 in order to collect 

spot-metered power data for estimating the baseline demand.  Because the filtered air is recirculated rather 

than exhausted, there are no space conditioning savings associated with this measure.  Table 4 illustrates 

how the dust collector fan measure was verified.  

Table 4: Measure Verification 

Measure Name Verification Method Verification Result 

VFD on Dust Collector Fan  Long-term motor-level power metering 
Installed and operating at 18.00 kW average 
fan motor demand 

 

Data Collection 

To evaluate the realized energy savings for the installation of the VFD on the dust collection fan, the 

evaluation collected metering data of the dust collection, summarized in Table 5.  In addition, the evaluation 

collected the following information from the site (responses summarized in Table 6): 

1. The typical cleaning schedule for the dust collection filter 

2. The operation schedule of the dust collection system 

3. Static pressure setpoint of the dust collection fan 

4. Nameplate information for the dust collection fan motor 

 

Table 5: Evaluation Data Collection – Installed Equipment 

Parameter 
M&V Equipment 
Brand and Model 

Metering Duration Metering Interval 

Design case electric power, operating 
hours, and energy use (kW and kWh) 

Wattnode Power Meter 4 weeks 15 minutes 

Base case electric power Yokogawa Power Meter ~5 minutes 1 second 

 

Table 6: Evaluation Data Collection – Data Collected 

Source Parameter Result 

Facility Personnel Typical filter cleaning schedule Filter is cleaned ~3x per day 

Facility Personnel & Metered 
Data 

Dust collection system operating schedule 
~7.5 hours/day;  
5 days/week, excluding holidays 

Drive Controller Static pressure setpoint of dust collection fan 6.4 in. w.g. 

Facility Personnel Dirty filter differential pressure setpoint 4.6 in. w.g. 

Facility Personnel Typical clean filter differential pressure 4.2 in. w.g. 

Facility Personnel 
Nameplate information for the dust collection 
fan motor 

25-hp fan motor 
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Evaluation Savings Analysis 

This section describes the evaluation analysis methodology, including the analysis performed, the 

assumptions made, and the final results calculated. 

Operating Hours 

The baseline and installed case dust collector fans are assumed to operate with the same operating schedule.  

Based on the dust collection system operation schedule provided by the site, the dust collector operates 5 

days per week, and the facility shuts down for the 9 standard holidays.  A chart of the metered dust 

collection fan demand, for the period from 11/19/2015 to 12/18/2015 is displayed in Figure 1 below. 

Figure 1: Metered Dust Collector Fan Demand (11/19/2015 - 12/18/2015) 

 

Based on the metered data, the dust collector fan typically operates from 6:30am to 2pm, Monday through 

Friday, excluding holidays.  The number of annual holidays was calculated reviewing the site’s EPO data for 

2015. 

With the exception of Friday 11/26 (the day after Thanksgiving) and Saturday 12/12, the dust collection fan 

operated according to the schedule described by the site.  Facility personnel stated that the site observes a 

“standard” annual holiday schedule.  It appears that the facility did not operate on Friday 11/26, but the 

time was made up on Saturday 12/12.  Therefore, the total number of metered operating days is as 

expected.  

The evaluation calculated the estimated weekly operating hours based on the average metered fan runtime 

for each hour of the week (excluding the data from 11/26, 11/27, 12/12 - the three days of atypical facility 

operation), as displayed in Figure 2. 

Figure 2: Average Fan Runtime (11/19/2015 - 12/18/2015) 

 

Day of Hour of Day

Week 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Monday 0% 0% 0% 0% 0% 0% 41% 97% 100% 100% 100% 100% 100% 93% 3% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Tuesday 0% 0% 0% 0% 0% 0% 74% 100% 100% 100% 100% 100% 91% 85% 8% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Wednesday 0% 0% 0% 0% 0% 2% 68% 100% 100% 94% 75% 75% 90% 93% 7% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Thursday 0% 0% 0% 0% 0% 0% 72% 100% 100% 100% 100% 100% 100% 100% 9% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Friday 0% 0% 0% 0% 0% 0% 76% 100% 100% 100% 100% 100% 100% 86% 2% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Saturday 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

Sunday 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%
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Based on the metered data, the dust collector operated for an average of 37.4 hours per week.  This 

represents a total annual operation schedule of 1,878 hours per year, based on the following equations. 

Annual operation days, 251 days/year = Weekly operation, 5 days/week × 52 weeks/year - 

Standard holiday days, 9 days/year 

Daily operating hours, 7.48 hours/day = Average weekly hours, 37.41 hours/week ÷ Weekly 

operation, 5 days/week 

Annual operating hours, 1,878 hours = Annual operation days, 251 days × Daily operating hours, 

7.48 hours/day 

Installed Fan Demand 

Based on the estimated filter cleaning schedule provided by the site, the data includes multiple filter cycles 

per day.  However, the metered data (shown in Figure 3 below) does not demonstrate any discernable 

variation in the fan demand which would indicate fan turndown after filter cleaning, as expected in the 

tracking analysis.   

Figure 3: Sample of Metered Dust Collector Fan Demand (11/30/2015 - 12/5/2015) 

 

The Wattnode used to meter the installed case fan demand measures the average kW based on the total 

metered kWh for each 15-minute increment, divided by the metering increment.  As a result, for periods 

during which the fan operates for only part of the metering increment, the metered kW is lower than 

expected.  This is apparent in the 6th and 14th hours of each work day, demonstrated in Figure 2 above.  

Because of this, the metered kW values at the beginning and end of each operating period are not included 

in the average demand calculations; the average input kW is the average from 7am to 2pm in the metered 

data.  Calculations for the estimated weekly fan operating hours also account for these increments of partial 

operation. 

Because there is little variation in the metered fan demand (aside from the increments of partial fan 

operation), the evaluation installed case fan demand is the calculated average fan demand of 18.00 kW.  

Baseline Fan Demand 

DMI agrees with the baseline defined by the tracking analysis.  Prior to installation of the new system, dust 

collection at the facility was accomplished with the use of a single speed, 3-hp dust collector.  According to 
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the site, the previous dust collection filter required manual cleaning, twice daily.  The primary reason that 

this system was replaced was due to the equipment size.  The site had installed some additional production 

equipment, which required an increase in the dust collection system capacity.   

The base case system is assumed to be equivalent to the proposed case system, but without the optional 

‘Airflow Controller’ VFD fan control to modulate airflow.  This is the base ‘Downflo Oval’ dust collection 

system offered by the equipment vendor.  Without the ‘Airflow Control’ upgrade, the standard dust collection 

system includes a constant speed fan, with the airflow controlled with inlet dampers.  Additionally, due to 

the reported frequency that the dust collector filter is cleaned, it is assumed that the automatic ‘Delta P Plus 

Control’ filter cleaning system is utilized in both the baseline and installed case dust collection systems.   

The evaluation simulated the base case while performing metering to better estimate the base case fan 

demand.  At the time of the test, the pressure drop across the filter was 4.3 in. w.g.   

In order to estimate the base case fan demand, the fan was overridden to operate at 60 Hz, and the inlet 

damper was adjusted to match the existing 4.3 in. w.g. filter pressure drop.  At these conditions, the fan 

operated at an average 18.82 kW demand. 

In order to account for the demand penalty associated with the installed case VFD, the evaluation assumed 

a drive penalty of 3% in order to estimate the baseline fan demand of 18.26 kW.  The evaluation baseline 

fan demand calculations are as follows: 

Installed VFD penalty, 0.56 kW = Motor nameplate hp, 25 hp × 0.746 kW/hp × Drive penalty, 3% 

Baseline fan kW, 18.26 kW = Full speed fan demand, 18.82 kW - Installed VFD penalty, 0.56 kW 

Fan Demand Savings 

Based on the estimated baseline and installed case fan demands, the 0.25 kW fan demand savings are 

calculated as follows:  

Fan demand savings, 0.25 kW = Baseline fan demand, 18.26 kW - Installed case fan demand, 18.00 kW 

Annual Energy Savings 

Annual energy savings are calculated using the following equation. 

Annual energy savings, 472 kWh = Fan demand savings, 0.25 kW * Annual operating hours, 1,878 hours 

On-Peak Savings 

Peak hours are from 6am to 10pm, during non-holiday weekdays.  Based on the metered data, the dust 

collector fan typically operates from 6:30am to 2pm.  Therefore, the evaluation assumes 100% on-peak 

energy savings. 

Peak demand savings occur during non-holiday weekdays, in the summer from 1pm to 5pm, and the winter 

from 5pm to 7pm.  Based on the dust collector operating hours, there are no winter peak demand savings.  

Calculations for the estimated 0.06 kW summer peak demand savings are as follows. 

Summer peak demand savings, 0.06 kW = Fan demand savings, 0.25 kW × Summer peak demand 

hours of operation, 1 hour/day ÷ Total summer peak demand hours, 4 hours/day 
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EVALUATION RESULTS 

This section summarizes the evaluation results determined in the analysis above.   

Comparison of Assumptions 

Table 7 below compares the key parameters used in the tracking analysis with those used in the evaluation 

analysis.  The purpose of this table is to show how different values changed. 

Table 7: Comparison of Key Parameters 

Parameter Tracking Value Evaluation Value % Eval / TA 

Annual operating hours 2,600 hours 1,878 hours 72% 

Average baseline fan demand 20.98 kW 18.26 kW 87% 

Average proposed case fan demand 17.94 kW 18.00 kW 100% 

Total project savings 7,906 kWh 472 kWh 6% 

 

The tracking analysis appears to have overestimated the baseline input kW.  After simulating the baseline 

condition, the evaluation found a very small difference in power demand between the baseline and installed 

case.  It appears that the VFD controlling the dust collector operates very close to full speed throughout the 

metering period and that the control method is not achieving the demand reduction predicted by the 

tracking analysis. 

Discrepancy Analysis 

This section describes the key drivers behind any difference in the tracking and evaluation estimates.  The 

following table summarizes these differences.  The purpose of this table is to describe how changes to the 

key parameters influenced the final project savings. 

Table 8: Discrepancy Summary 

Parameter(s)  Discrepancy Impact on Results 

Lower percent demand reduction 5,126 kWh 69% 

Overestimated motor load 736 kWh 10% 

Fewer annual operating hours 1,572 kWh 21% 

Total kWh difference 7,434 kWh 100% 

 

The discrepancy between the tracking analyst and evaluation savings estimates results primarily from the 

estimated fan turndown ratio.  In the TA calculations, the fan is expected to modulate to a minimum 80% of 

the ‘maximum airflow’ (or 65% of the full load fan demand).  Based on the evaluation metered fan demand 

data, the fan appears to operate at nearly 100% speed during all hours of operation.   

The tracking analysis estimates that the installed case fan demand ranges from 65% (clean filter) to 112% 

(dirty filter) of the full load motor kW.  This would result in a 58% total fan turndown when the filter is clean.  

In the evaluation metered fan data, the fan power ranges from 17.3 kW to 19.0 kW during the metering 

period (excluding outliers).  This represents a minimum fan turndown ratio of 91%. 

It is possible that the limited fan turndown demonstrated in the evaluation data is a result of the selected 

filter differential pressure setpoints used to control the filter cleaning system.  Based on the 4.2 in. w.g. 

clean filter differential pressure setpoint, and the 4.6 in. w.g. dirty filter setpoint, the throttling range of the 

system is 0.4 in. w.g., or 9% of the maximum differential pressure.  Because the fan is controlled to 

maintain a static pressure setpoint, and therefore a relatively constant airflow, fan power would be directly 
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proportional to total system pressure.  This would result in a fan turndown of 91% of the maximum (dirty 

filter) fan demand when the filter is clean, which is consistent with the fan throttling range observed in the 

metering data.  Based on the ‘Delta P Plus Control’ instruction manual, the typical differential pressure 

setpoints used to control the filter cleaning systems are 2 in. w.g. for the clean filter and 4 in. w.g. for the 

dirty filter setpoint.  This would represent a 50% fan turndown ratio, which is more consistent with the 

tracking analysis savings estimates.   

It is also worth noting that the metering data does not appear to demonstrate any daily filter cleaning, as 

expected in the tracking analysis (and reported by the site).  It is possible that if a lower ‘clean filter dP’ 

setpoint were selected, this measure would result in greater savings than the evaluation study currently 

estimates. 

The minimal fan turndown observed in the metering data may also be a result of dust collection system 

balancing issues, high system airflow setpoint, incorrect selection of the static pressure tap location, or 

system design issues resulting in a high total static pressure (i.e. undersized ductwork).  It is also possible 

that additional fan turndown savings could be achieved through manual control of the dust collection system 

blast gates. 

The reduction in energy savings is also a result of the differences in the baseline fan demand estimates.  

This is predominantly due to the TA motor demand calculations.  The tracking analysis uses the following 

calculations to estimate the fan motor demand at 100% load. 

Full load motor demand, 20.27 kW = Motor power, 25 hp × 0.746 kW/hp ÷ Motor efficiency, 92% 

Because these calculations do not include a motor load factor, the TA estimate assumes a 100% brake 

horsepower, which results in an overestimation of the baseline fan demand.   

This motor load factor should also be applied to the proposed case fan demand estimates.  However, this 

overestimated fan demand (without a load factor) is offset by the overstated fan turndown ratio in the 

proposed case TA study calculations.  Coincidently, this results in a relatively similar proposed case fan 

demand in the TA estimates and evaluation metered demand data. 

Finally, based on the metered fan data, the annual operating hours used in the evaluation analysis are fewer 

than the hours assumed in the TA study.  This results in additional savings reductions in the evaluation 

study, as compared with the tracking analysis. 
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