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1. Introduction 

This document summarizes the work performed by KEMA and SBW during 2010 and 2011 to 
quantify the actual electric energy and demand savings due to the installation of five Custom 
Comprehensive Design Approach (CDA) projects installed through the Massachusetts Energy 
Efficiency Program Administrator’s (PAs) C&I New Construction & Major Renovation energy 
efficiency programs in 2008 and 2009. 

1.1 Purpose of Study 

The objective of this impact evaluation is to provide verification or re-estimation of electric 
energy and demand savings estimates for five Custom CDA projects through site-specific 
inspection, monitoring, and analysis.  The results of this study are used to determine the final 
realization rates for Custom CDA energy efficiency projects installed in 2008 and 2009.  
Realization rates are separately determined for National Grid, NSTAR and Western 
Massachusetts Electric Company (WMECO), and at the statewide level.  The evaluation sample 
for this study was designed to determine specific statewide precisions at the 90% confidence 
level for energy (kWh) and the 80% confidence level for coincident peak summer demand (kW).   

This impact study consists of the following five tasks: 

1. Develop Sample Design 
2. Develop Site Measurement and Evaluation Plans 
3. Data Gathering and Analysis 
4. Report Writing and Follow-up 
5. Analysis Procedures 

1.2 Scope 

The scope of work of this impact evaluation covered the population of 2008 and 2009 Custom 
CDA projects, which fall into one of two categories: Comprehensive Design (CD) and 
Comprehensive Chiller (CC).   CD projects typically involve the new construction of a 
commercial, industrial or municipal building and include at least four energy conservation 
measures (ECMs) to achieve at least 20% electric energy savings compared to the code-
compliant baseline. CC projects typically involve an existing facility and include the installation 
of a new chiller and multiple other ECMs to achieve at least 20% energy savings compared to 
the existing (pre-project) equipment and operation. Although these categories address slightly 
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different customer markets, all projects typically involve a similar mix of measures and utilize 
whole building simulation tools1

Typical ECMs implemented through a CDA project include: building envelope upgrades, lighting 
fixtures and controls, cooling system upgrades and EMS controls, demand controlled ventilation 
(DCV) and enthalpy economizer controls, and variable frequency drives (VFD) on system fans 
and pumps. This scope of work covers only measures which primarily reduce electricity 
consumption. 

 to develop energy and demand reduction estimates. 

2. Description of Sampling Strategy 

The primary focus of the sample design was to examine various precision scenarios for the 
Custom CDA program track in Massachusetts.  The initial design approach was to support the 
estimation of annual kWh savings realization rates separately for National Grid and NSTAR 
while including appropriate representation for WMECO.  The study population of 25 Custom 
CDA projects from the 2008 and 2009 program years is summarized in Table 1. 

Table 1: Population Statistics 

Program 
Administrator Projects 

Total 
Gross 

Savings 
(kWh) 

Average 
Savings 
(kWh) 

Minimum 
(kWh) 

Maximum 
(kWh) 

Standard 
Deviation 

Coefficient 
of 

Variation 
National Grid 22 8,043,660 365,621 14,109 1,108,409 278,426 0.76 
NSTAR 2 6,070,289 3,035,145 2,717,449 3,352,840 449,289 0.15 
WMECO 1 496,5792 496,579  496,579 496,579 0 0 
Totals 25 14,610,528           

 

                                                
1 Though it is current practice to utilize whole building simulation tools for developing tracking estimates of 
energy and demand savings, one project in this sample had tracking savings that were calculated in a 
spreadsheet bin analysis.  This is not likely to occur again as the PAs now require whole building 
simulations for CDA projects. 
2 KEMA was initially provided with 469,579 kWh as the total gross energy savings for the single WMECO 
CDA site.  However, following a review of the project file and discussions with WMECO staff, it became 
clear that this number did not reflect the actual tracking savings for this CDA project.  The revised tracking 
values were found to be 1,180,771 kWh for total gross energy savings and 507 kW for summer peak 
demand reduction (initial tracking value was 179 kW for summer peak demand reduction). 
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Note that National Grid’s average savings per project are lower than expected because their 
population includes four Advanced Building (AB) projects, which are typically smaller savings 
projects than true CDA projects.  Through 2009, National Grid used building simulation tools to 
estimate savings for AB projects, which is why they were included in the CDA population.  In 
2010 and forward, AB projects will use prescriptive savings estimates, and will be distinguished 
from CDA. 

The goal of the study is to design a sample that will allow KEMA to estimate realization rates for 
a number of savings parameters (annual kWh, percent of kWh savings on-peak, summer on-
peak kW, and winter on-peak kW) with a relative precision of ±10%.  While the primary variable 
of interest for the sample design was annual kWh savings, the PAs also were interested in 
coincident peak summer kW because it is used in the ISO-NE Forward Capacity Market (FCM).  
The target for annual kWh was set at the traditional ±10% at 90% confidence, while the target 
for summer kW was set at ±10% precision at 80% confidence during the design. The summer 
kW target is based on the ISO-NE precision requirements, but need not be achieved in each 
individual study because the FCM precision may be calculated for each PA’s overall portfolio of 
demand resources.  Both are assessed in the following sections. 

All of the sample design results for annual kWh savings were calculated at the 90% confidence 
level, while results for summer kW were calculated at the 80% confidence level. 

2.1 Annual kWh Sample Design 

KEMA presented several preliminary sample designs stratified by annual kWh for the 
Massachusetts PAs for the Custom CDA end-use.  The parameters considered in the sample 
design are the number of sample observations planned and the anticipated error ratio of 
quantity being estimated.  The error ratio is a measure of the strength of the relationship 
between the known characteristic (i.e., tracking savings) and the quantity being estimated (i.e., 
evaluated savings).   

The preliminary analyses looked at the impacts of samples of 1, 2 and 3 sites for National Grid 
and 1 site each for NSTAR and WMECO, each at an error ratio of 0.15, 0.25 and 0.35.  The 
ranges of error ratios and sample sizes considered were based on the results of an impact 
evaluation of National Grid 2006 Custom CDA projects3

                                                
3 KEMA Inc. (2010), “Sample Design and Impact Evaluation Analysis of the 2009 Custom Program.” 
Prepared for National Grid.   

.  The National Grid study had 2 sample 
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sites and an error ratio on the annual kWh savings estimate of 0.16, which was used as a 
minimum error ratio.  KEMA then looked to see what the results would be if the resulting error 
ratios were higher than expected.  The expected relative precision for the preliminary analyses 
ranged from a low of ±9.9% for a planned sample of five and an expected error ratio of 0.15 to a 
high of ±39% for a planned sample of 2 and an error ratio of 0.35. 

Based on the results of the preliminary planning scenarios, samples were designed based on 
the population of 2008 and 2009 CDA sites for the three Massachusetts PAs with CDA 
projects4

Table 2

.  The other PAs did not implement any CDA projects during this period.  After some 
discussion about budgets and precision targets, samples were designed using an error ratio of 
0.20 and sample sizes of 3 for National Grid and 1 each for NSTAR and WMECO.   
shows the stratum cut points and distribution of sample sites in this scenario. 

Table 2: Sample Design based on Selected Scenario (3, 1, 1) 

Program 
Administrator Stratum 

Maximum Gross 
Savings (kWh) Projects 

Total Gross 
Savings (kWh) 

Evaluation Sample 
Size 

National Grid 1 332,480 12 2,033,138 1 
National Grid 2 608,237 6 2,791,443 1 
National Grid 3 1,108,409 4 3,219,079 1 
NSTAR 1 3,352,840 2 6,070,289 1 
WMECO 1 496,579 1 496,579 1 

 

Table 3 lists the calculated precision estimates for this scenario, following stratification.  A 
precision of ±13.9% was estimated for the overall results from all three PAs at the 90% 
confidence level.   

Table 3: Estimated kWh Precision for Selected Scenario (3, 1, 1) 

Program 
Administrator Projects 

Total Gross 
Savings (kWh) Error Ratio 

Evaluation 
Sample Size 

Anticipated 
Relative Precision 

National Grid 22 8,043,660 0.20 3 ±18.1% 
NSTAR 2 6,070,289 0.20 1 ±23.3% 
WMECO 1 496,579 0.20 1 ±0.0% 
Totals 25 14,610,528 0.20 5 ±13.9% 

 

                                                
4 Other MA electric PAs either do not offer CDA projects, or did not implement any during the 2008 or 
2009 program years.   
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2.2 Summer kW Sample Design 

Before deciding on the final sample design, the analytical team examined the estimated summer 
kW precision that could be achieved with a sample of this size. A sample design for the three 
PA groups and five sites was created.  The summer kW error ratio from the previous National 
Grid CDA impact evaluation was a very good 0.12.  For this examination, KEMA looked at the 
expected precision using an error ratio of 0.20.  Given the ISO-NE requirement of 80/10 
precision, this analysis was run at an 80% confidence level.   

Table 4 estimates the summer kW precision estimates using these parameters.  Overall, the 
expected relative precision is 11% at the 80% confidence level. 

Table 4: Estimated Precision for Summer kW using Selected Sample Size 

Program 
Administrator Projects 

Summer kW 
Savings Error Ratio 

Evaluation 
Sample Size 

Anticipated 
Relative Precision 

National Grid 22 2,577 0.20 3 ±14.1% 
NSTAR 2 819 0.20 1 ±18.2% 
WMECO 1 179 0.20 1 ±0.0% 
Totals 25 3,574 0.20 5 ±11.0% 

 
After discussions with the PAs about evaluation objectives, KEMA recommended this sample 
design for five sites in Massachusetts, and the PAs agreed.   

2.3 Final Sample 

Table 5 presents the list of five projects selected as the final sample for Custom CDA.  Although 
all completed projects were included in the population for the sample design, only projects that 
had already been commissioned were eligible to be selected for evaluation.  As shown in Table 
5, all five projects in the sample were evaluated by SBW Consulting, Inc. (SBW).      
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Table 5: Final Sample Selection 

Site  Program 
Administrator Stratum Project ID Evaluator Project Description ID 

1 National Grid 1 N522351 SBW 

New high school science building (34,000 sq.ft.) 
with 12 ECMs affecting the building envelope, 
HVAC, and lighting.  The project was designed 
using AB Core Performance Guidelines.  The 
tracking savings were estimated using a custom 
spreadsheet analysis.  

2 National Grid 2 N525900 SBW 

New/renovated airport terminal building (40,000 
sq.ft.) with 4 ECMs affecting the building 
envelope, HVAC, and lighting.  The project was 
designed using AB Core Performance Guidelines.  
The tracking savings were estimated using 
eQUEST. 

3 National Grid 3 N526633 SBW 

New four-story large office building (146,000 
sq.ft.) with 10 ECMs affecting the building 
envelope, HVAC, and lighting.  Tracking savings 
were estimated using Trane TRACE. 

4 NSTAR 1 CS7416 SBW 

New 10-story hospital building (455,000 sq.ft.) 
with 8 ECMs affecting the building envelope, 
HVAC, and lighting.  Tracking savings were 
estimated using eQUEST. 

5 WMECO 1 WM08C236_AB SBW 

New four-story university science building 
(160,000 sq.ft.) with 8 ECMs affecting the HVAC 
and lighting systems.  Tracking savings were 
estimated using eQUEST. 

3. Description of Methodology 

3.1 Measurement and Evaluation Plans 

Following the final sample selection of 2008 and 2009 Custom CDA projects and prior to 
beginning any site visits, SBW developed detailed measurement and evaluation plans for each 
of the five projects. The plans outlined on-site methods, strategies, monitoring equipment 
placement, calibration and analysis issues.  The PAs provided comments and edits to clarify 
and improve the plans prior to them being finalized. 

Evaluators utilized the savings analysis methodologies from the Technical Assistance Study 
(TA) whenever possible.  In the one instance where the TA savings were calculated using a 
custom spreadsheet bin analysis, evaluators chose to created a new eQUEST model instead of 
using the TA methodology.  The change in the savings methodology for this project was 
presented and agreed to by both the evaluator and National Grid, the PA for the application.    
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The site evaluation plan played an important role in establishing approved field methods and 
ensuring that the ultimate objectives of the study were met.  Each site evaluation culminated in 
an independent engineering assessment of the actual (e.g. as observed and monitored) annual 
energy, on-peak energy, diversified summer peak demand, and diversified winter peak demand 
savings associated with each project.     

3.2 Data Gathering, Analysis, and Reporting 

Data collection included physical inspection and inventory, interviews with facility personnel, 
observation of site operating conditions and equipment, and short-term metering of usage.  At 
each site, SBW performed a facility walk-through that focused on verifying the installed 
conditions of each energy conservation measure (ECM).  Several of the facilities utilized EMS 
controls, which were either part of the application itself or controlled equipment that was 
included in the application.  Evaluators viewed EMS screens to verify schedules and operating 
parameters where applicable.  Instrumentation such as power recorders, Time-Of-Use (TOU) 
lighting loggers, TOU current loggers, and temperature loggers were installed to monitor the 
usage of the installed equipment and associated affected spaces.  EMS trends were also 
obtained when possible. 

Collected data was analyzed to verify implementation of each ECM, and savings analyses were 
performed to estimate hourly energy use and diversified coincident peak demand.  A typical 
meteorological year dataset of ambient temperatures closest to each facility was used for all 
temperature sensitive calculations.  Each site report details the specific analysis methods used 
for each project including algorithms, assumptions and calibration methods where applicable.  
All sites were analyzed using building simulation models, including eQUEST and Trane TRACE 
700.  

Engineers submitted draft site reports to the PAs upon completion of each site evaluation, 
which, after review and comment, resulted in the final reports found in Appendix B:  Site Reports  
This executive summary provides a concise overview of the evaluation methods and findings. 

3.3 Analysis Procedures 

In order to aggregate the individual site results from the Custom CDA sample, KEMA applied 
the model-assisted stratified ratio estimation methodology described in References [2] and [3] in 
Appendix A:  References.  The key parameter of interest is the population realization rate, i.e., 
the ratio of the evaluated savings for all population projects divided by the tracking estimates of 
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savings for all population projects. This rate is estimated for the overall Massachusetts program, 
as well as for individual PAs. Of course, the population realization rate is unknown, but it can be 
estimated by evaluating the savings for a sample of projects.  The sample realization rate is the 
ratio between the weighted sum of the evaluated savings for the sample projects divided by the 
weighted sum of the tracking estimates of savings for the same projects.  The total tracking 
savings in the population is multiplied by the sample realization rate to estimate the total 
evaluated savings in the population.  The statistical precisions and error ratios are calculated for 
each level of aggregation. 

The results presented in the following section include the estimated population realization rates 
(and associated precision levels) resulting from KEMA’s analysis of the sample data for annual 
MWh savings, on-peak MWh savings, and 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:  

• 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. 

• 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. 

Note that WMECO historically utilizes the seasonal peak kW reductions as defined by the FCM, 
but that the numbers in this report are based on the on-peak definition above.  Relative 
precision levels and error bounds are calculated at the 80% confidence level for demand values, 
since that is the requirement for participation in the FCM on the portfolio level. For all MWh 
realization rates, the standard 90% confidence level is used. 

4. Results 

In preparation for analyzing the evaluation results collected for the five Custom CDA sample 
points, the original 2008-2009 population stratum boundaries were used to calculate case 
weights for the each sample observation.  These weights reflect the number of projects that 
each sample point represents in their respective populations, and allow for the aggregation of 
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results across strata and PAs. The final case weights for the study are shown in the last column 
in Table 6. 

Table 6: Custom CDA Case Weights 

Program 
Administrator Stratum 

Total 
Applications 

Total Annual 
MWh 

Applications in 
Sample 

Case 
Weight 

National Grid 1 12 2,033 1 12.00 
National Grid 2 6 2,791 1 6.00 
National Grid 3 4 3,219 1 4.00 
NSTAR 1 2 6,070 1 2.00 
WMECO 1 1 1,181 1 1.00 
 

4.1 Major Findings and Observable Trends 

Figure 1 presents a scatter plot of evaluation results for annual kWh savings using all PA 
sample points.  The dashed line represents a realization rate of one.  The slope of the solid line 
in this graph is an indication of the estimated population overall realization rate, and can be 
seen to be close to one.  These sample data are clustered closely around the trend line, which 
supports the estimate made during the design process that the error ratio would be relatively 
low. 
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Figure 1: Scatter Plot of Evaluation Results for Annual MWh Savings 

 

4.2 Presentation of Results 

Table 7 presents a summary of the site level results for this impact evaluation. 

Table 7: Detailed Site Results 

    Tracking Estimated Savings Evaluation Savings 
      On-  Peak Coinc.   On-  Peak Coinc. 
Site Application   Peak Sum. Wint.   Peak Sum. Wint. 
ID ID kWh/yr % kW kW kWh/yr % kW kW 
1 N522351 102,839 72% 40.5 11.0 42,750 74% 7.3 2.9 

2 N525900 335,580 46% 99.1 79.4 317,589 54% 59.9 57.8 

3 N526633 717,256 62% 199.0 218.0 881,787 61% 188.8 107.6 

4 CS7416 3,352,840 N/A 396.3 394.3 3,236,098 46% 407.4 293.2 

5 WM08C236_AB 1,180,771 N/A 507.0 127.0 158,284 29% -7.0 25.1 
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Table 8 summarizes the savings realization rates and primary reasons for discrepancies 
between the tracking and evaluation estimates of annual energy savings.  The site realization 
rates for energy savings ranged from a low of 13% for Site 5 to a high of 123% for Site 3.  Note 
that some of the ratios are “N/A” for the on-peak % because there were no tracking estimates 
for these values. 

Most of the discrepancies were related to measures that had not been implemented or 
performing as proposed.   

Table 8: Primary Site Discrepancies 

    Ratio Evaluated/Tracking  
      On-  Peak Coinc.  
Site Application   Peak Sum. Wint. Primary Reasons for  
ID ID kWh/yr % kW kW Discrepancies 

1 N522351 42% 103% 18% 26% 

Decrease in savings because of TA overestimate of 
building cooling load, errors in glazing and lighting 
measure impacts, and non-performance of DCV 
measure. Some of the decrease resulted from the 
methodological change from TA bin model to evaluation 
eQUEST model. 

2 N525900 95% 117% 60% 73% 

Decrease in savings because TA overestimated VAV 
conversion fan savings, nearly offset by increase from 
geothermal heat pumps modeled incorrectly in TA 
analysis. 

3 N526633 123% 99% 95% 49% 

Increase in savings because dry cooler ran more 
extensively and more lighting controls were installed 
than proposed; offset somewhat by enthalpy 
economizer not being implemented as assumed in TA 
study and higher installed light power density than 
proposed. Improper modeling of specific measures 
(such as DCV), and non-prescribed peak demand 
calculation methods (constrained by TRACE modeling 
approach). 

4 CS7416 97% N/A 103% 74% 

Limitations of earlier model version used for TA study. 
Evaluated winter kW is low because TA study did not 
model water-side economizer. 

5 WM08C236_AB 13% N/A -1% 20% 

Non-performance of low-flow fume hood and demand 
control ventilation measures; exhaust fan VFD measure 
determined to not to exceed code. Inaccuracies in TA 
study model. 
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The site-level evaluation results were aggregated using stratified ratio estimation.  The PA 
realization rates are 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 9 summarizes the statewide results of this analysis.  The table shows the 
results for three of the four measures of savings. Statewide on-peak kWh savings were not 
calculated because two of the three PAs did not provide tracking system data on this 
measurement.  In the case of annual MWh savings, the realization rate for Custom CDA 
measures was found to be 90.5%. The relative precision for this estimate was found to be 
±14.4% at the 90% level of confidence. The error ratio was found to be 0.17.  Table 9 also 
shows the results for the on-peak summer and winter coincident demand savings, measured in 
KW.  Since the design criteria for the demand realization rates were based on an 80% 
confidence level, the precisions and error bounds at this level are reported in the appropriate 
rows in Table 9 and Table 10.  For the on-peak summer kW, the overall realization rate was 
63.7%, with a relative precision of ±21.4% at an 80% confidence level.  For on-peak winter kW, 
the realization rate was slightly lower, at 59.8%.  The grey cells in Table 9 and Table 10 
represent the energy savings presented at 80% confidence, and demand savings at 90% 
confidence.  These cells are grey because the precision at these confidence levels were not 
required, but included for information purposes only.   

It is anticipated that WMECO will apply the on-peak summer and winter kW realization rates to 
their seasonal peak kW reductions.  In future evaluations, a seasonal peak kW realization rate 
will be calculated for use by WMECO. 

Table 9: Summary of Statewide CDA Results 

Statistic Annual MWh 
On-Peak Summer 

kW On-Peak Winter kW 
Total Tracking Savings                            15,295                       3,902                            2,037  
Total Measured Savings                            13,836                       2,485                            1,217  
Realization Rate 90.5% 63.7% 59.8% 
Relative Precision at 90% Confidence 14.4% 27.5%  10.2%  
Error Bound at 90% Confidence                               1,986  684  124  
Relative Precision at 80% Confidence 11.2%  21.4% 7.9% 
Error Bound at 80% Confidence 1,548                          533                                 96  
Error Ratio                                 0.17                         0.32                              0.12  
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The results of KEMA’s analysis of realization rates by PA follow in Table 10.  National Grid and 
NSTAR had similar realization rates for annual MWh savings, at 97.2% and 96.5%, respectively. 
The realization rate for percent on-peak MWh savings for National Grid, the only PA providing 
this information from their tracking system, was 102.2%.   

Results for summer and winter on-peak kW savings varied widely.  Based on the three National 
Grid evaluated sites, the realization rates were 64.1% for summer kW and 54.8% for winter kW.  
The single NSTAR site evaluated resulted in higher realization rates of 102.8% and 74.4% for 
summer and winter on-peak kW, respectively.     

WMECO’s single evaluated site produced very low realization rates for all three savings 
parameters. 

The relative precisions of these estimates for the PAs with only one evaluated site (NSTAR and 
WMECO) are zero.  In the case of WMECO, there is no error since the entire population of one 
project was sampled.  For NSTAR, the one sample site drawn from a population of two 
determined the realization rate and contributed no variation, resulting in precisions very close to 
zero.  National Grid results, based on three evaluated sites, include precisions ranging from 
±15.1% at 80% confidence for on-peak winter kW to ±32.3% at 80% confidence for on-peak 
summer kW.  The precisions for the MWh measures, calculated at 90% confidence, were 
±25.4% and ±27.5% for annual and on-peak MWh savings, respectively.     
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Table 10: Summary of CDA Results by Program Administrator 

Statistic 
Annual 
MWh On-Peak MWh 

% On-Peak 
MWh 

On-Peak 
Summer 

kW 
On-Peak 

Winter kW 
National Grid           
Total Tracking Savings 8,044  4,933  61.3% 2,577  1,165  
Total Measured Savings 7,819  4,900  62.7% 1,650  639  
Realization Rate 97.2% 99.3% 102.2% 64.1% 54.8% 
Relative Precision at 90% Confidence 25.4% 27.5% -      41.4% 19.4% 
Error Bound at 90% Confidence 1,986  1,346  -      684 124 
Relative Precision at 80% Confidence 19.8% 21.4% -      32.3% 15.1% 
Error Bound at 80% Confidence 1,548 1,049 -      533  96  
Error Ratio 0.30  0.33  -      0.49  0.22  
NSTAR           
Total Tracking Savings 6,070   -    -      819  744  
Total Measured Savings 5,859   -    -      842  553  
Realization Rate 96.5% -       -      102.8% 74.4% 
Relative Precision at 90% Confidence 0.0% -       -      0.0% 0.0% 
Error Bound at 90% Confidence 0   -    -      0 0 
Relative Precision at 80% Confidence 0.0% -       -      0.0% 0.0% 
Error Bound at 80% Confidence 0 -       -      0  0  

Error Ratio 0.00   -    -      0.00  0.00  
WMECO 

Total Tracking Savings 1,181  -    -      507  127  
Total Measured Savings 158   -    -      (7) 25  
Realization Rate 13.4% -       -      -1.4% 19.8% 
Relative Precision at 90% Confidence 0.0% -       -      0.0% 0.0% 
Error Bound at 90% Confidence 0  -       -      0 0 
Relative Precision at 80% Confidence 0.0% -       -      0.0% 0.0% 
Error Bound at 80% Confidence 0 -       -      0  0  

Error Ratio 0.00   -        -       0.00  0.00  
 

4.3 Comparison to Prior Results 

While this is the first statewide evaluation of the Custom CDA projects, it is informative to 
compare these results to those of prior studies done by individual PAs.  National Grid evaluated 
their 2006 CDA projects based on two sample sites.  The realization rate for annual MWh was 
found to be 96.5%, which is similar to the findings in this study.  The results for summer and 
winter kW, however, are quite different.  In the prior study, realizations rates for summer and 
winter kW were estimated to be 79.3% and 149.3%, respectively.  
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4.4 Implications for Future Studies 

The results of this analysis can be used to inform future sample designs.  During the design of 
this study, an error ratio of 0.20 was assumed, based on limited historical information.  
However, based on the study findings, the error ratios were higher than anticipated: the annual 
MWh error ratio was 0.30 and the summer on-peak kW error ratio was 0.49.  As a result, the 
precision levels were worse than what was planned.  Only the winter on-peak kW estimate 
achieved a precision level that exceeded the target of ±10%.  As noted in footnote 1, the group 
of evaluated projects included one that would not be considered CDA in the future because it 
did not use a building simulation model to estimate tracking savings.  Because of this, 
evaluators may consider combining this error ratio with those from previous studies for the next 
CDA impact evaluation. 

4.5 Conclusions and Recommendations 

The Custom CDA program track appears to be successfully providing energy savings in 
Massachusetts.  Summer and winter peak demand reductions were somewhat lower than 
predicted for several reasons.  In some cases, tracking estimates of summer and winter peak 
demand were calculated using different definitions than are currently employed.  There were 
also several non-performing measures that did not yield any demand savings compared to the 
tracking estimates.  There were no systemic issues found with any particular measures that 
would have led evaluators to suggest changes to TA analyses or implementation.  Below are 
major findings and recommendations that apply statewide, as well as to the individual PAs.  
Note that the PA specific recommendations are based on experience with PA specific sites, but 
should be considered by all PAs. 

4.5.1 Statewide 

Assess appropriate evaluation scope.  CDA projects are unique in their complexity and 
analytical difficulty for impact evaluation. It can be enormously time-consuming to collect data 
for many months for multiple measures, analyze and integrate those data into simulation 
models, adjust and upgrade the models for calibration, perform savings analysis, then 
determine reasons for the results. To keep evaluation budgets for these projects manageable, 
and proportional to the savings, evaluators should consider a triage approach, applying less 
rigor to small-saving measures, accepting modeling simplifications, or other means of reducing 
the scope with minimal loss of overall analysis quality. 
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4.5.2 National Grid 

Avoid bin models for CDA savings analysis. National Grid has already modified their 
policies, but this evaluation affirms this decision. The complexity and ad hoc nature of bin 
models makes them particularly difficult to evaluate well. In one sampled case that had a TA bin 
model, SBW found significant differences between evaluated and modeled ECM results that 
likely occurred because of problems in the bin model. 

Acknowledge limitation of Trane TRACE as an evaluation tool.  SBW’s understanding is 
that Trane TRACE has become an increasingly popular tool for CDA project developers and 
analysts, owing to its ease of use and widespread familiarity in the design community. 
Unfortunately, this evaluation effort confirmed some limitations with using TRACE as a tool for 
detailed evaluation. For example, (1) TRACE permits simplified modeling of annual kWh 
savings, but this can severely reduce variability of modeled conditions, making it very difficult to 
get accurate peak savings estimates, (2) it does not disaggregate systems results by 
component, making it hard to integrate metered data, (3) it has limited measure control in some 
instances (e.g. DCV is modeled as either “on” or “off,” with no room for gradations), and (4) the 
nature of the program limits the ability of the analyst to investigate the nuances of measure 
performance.  

Trane TRACE can be an acceptable tool for predicting energy savings, with potential exceptions 
for some energy conservation measures, and it can reasonably estimate demand impacts if run 
in an hourly simulation mode.  However, converting a simplified TRACE model to meet the 
much higher standards demanded for evaluation purposes is much more difficult.  Future 
evaluations should take these factors into account when setting rigor levels and calibration 
expectations. 

4.5.3 NSTAR 

Ensure TA studies and supporting calculations and documents are stored for future 
evaluations. The lack of a full TA study, as well as critical elements of the eQUEST models and 
supporting information made it much more difficult for the evaluators to carry out their work, and 
then to assess the reasons for differences between the evaluation and TA studies. 
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4.5.4 Western Massachusetts Electric Company 

Ensure TA studies and supporting calculations and documents are stored for future 
evaluations. The lack of a full TA study, as well as critical elements of the DOE2.1e models 
and supporting information made it much more difficult for the evaluators to carry out their work, 
and then to assess the reasons for differences between the evaluation and TA studies. 
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1. SUMMARY 
This site report presents the results of an impact evaluation performed by SBW Consulting, Inc. for a 
Comprehensive Design Approach (C&I New Construction & Major Renovation)1

The tracking analysis projected the building energy use with proposed measures to be 157,277 kWh/year, 
and a code/utility base case consumption of 260,116 kWh/year. The metered actual electrical energy use 
for the calendar year 2010 was 192,004 kWh, which is approximately 22% more than the tracking 
projected kWh consumption for the building with the proposed measures. The evaluated base case 
estimate is 230,798 kWh/year, which is 11.3% less than the TAS code base case estimate. 

 project completed in 
2008 for Application # 522351. This site is one of five sites sampled for the Massachusetts program 
evaluation. The purpose of the evaluation is to re-estimate energy and demand savings outlined in the 
original Advanced Building Modeling Report completed October 16, 2008, herein referred to as the 
Technical Assistance Study (TAS), in order to verify the results for which incentives were paid to the 
customer. 

This project included twelve measures that were designed to improve efficiency, and which were to be 
incorporated during initial construction of a private school science building. One measure involved the 
envelope, seven measures were associated with the efficiency of the HVAC system components, and four 
measures involved the efficiency and control of the lighting system. Table 1 summarizes estimates of 
savings for the package of measures in this project, with data from the original tracking database and the 
evaluation analysis. Further details regarding differences in the tracking and evaluated savings estimates 
are contained in the discussions of evaluation results in Section 3.3 and individual measures in Section 4.  

Table 1: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 102,839  42,750  42% 
Percent Energy On-peak 72% 74% 103% 
Summer Peak Diversified kW  40.5 7.3 18% 
Winter Peak Diversified kW  11.5 2.9 26% 

 

It was agreed among the evaluator, NGrid, and KEMA that the TAS bin model was not a practical vehicle 
to evaluate the savings, so as an alternative, an eQUEST building simulation model was developed for 
this purpose. The difference in analysis methods between the two models made it difficult to make 
specific quantitative comparisons between the model results of measure savings. The tracking bin model 
was not studied in depth for a couple of reasons. First, the bin model provided was incomplete, lacking its 
supporting files. Secondly, the evaluation scope was to evaluate the building measure savings and not the 
specific tracking analysis method. The tracking analysis was utilized in the evaluation to review measure 
assumptions and sufficiently understand the analysis method to make a qualitative comparison of results 

                                                                 
1 The National Grid name for this statewide program is Design 2000 plus. 
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between the two model approaches. In general, the differences between the tracking and evaluated 
savings estimates are due to a combination of the following factors: 

1. The TAS estimate of the projected kWh consumption with efficient measures was 18% less than 
actual metered consumption.  This tended to overstate the TAS estimated measure savings 
because for a given percentage savings reduction against the baseline, a greater savings value 
would result. 

2. Variances existed between the installed measure actual configuration and operation, and the 
assumptions made to estimate savings for the proposed measures in the TAS. Specifically, for 
ECM 4, trend data suggested that cooling setback during non-occupied periods was not properly 
occurring. Logged data for ECM 5 indicated that the cupola fan operated fewer hours to displace 
mechanical cooling than expected. The hot water pumps in ECM 6 operated as constant volume 
pumps at a reduced speed rather than as true variable speed pumps as projected. ECM 9, efficient 
lighting had higher watts per square foot than projected and fewer hours of operation due to 
greater than assumed manual and occupancy sensor switching of fixtures, which reduced the 
fixture run times. 

3. One measure did not function and produced no savings. ECM 2, Demand Controlled Ventilation 
was deemed to be non-functional which was assumed to be due to the lack of proper controls 
programming within the EMS.  

4. The eQUEST model hourly simulation capability, detailed weather files, and ability to capture 
building dynamics provides more accurate results than is possible to obtain from the TAS bin 
analysis.  This caused some difference between the tracking and evaluation consumption 
determinations; however, the majority of the savings differences were due to improper 
assumptions in the tracking models and under- or non-performance of efficiency measures. 

Given the information available to the TAS analyst at the time the analysis was conducted, the projected 
base and proposed measure energy usage for the building was representative for the size of the building. 
The assumptions underlying the temperature bin model for the most part were reasonable and with the 
exception of two measures, no substantial errors were noted in the analysis methodology.  ECM 1, 
Improved Glazing, indicated a savings level that approximated 61% of the TAS baseline end use cooling 
energy. While improved glazing reduces solar heat gain, expected savings is generally much lower as a 
percent of base usage than indicated in the TAS analysis. ECM 12, Automatic Bi-level Hallway Lighting, 
estimated a savings level that was not achievable even if all of the assumed fixtures under control were 
off continuously. The analysis methodology for this measure was examined but found to be incomplete.  
Without delving further into the TAS analysis the specific reasons for the two measure errors were not 
specifically determined.  

The measure evaluations brought to light two issues that National Grid should further consider for savings 
estimates from future projects involving the related measures. These measures involved enthalpy control 
of OA economizers and fixture run time for reduced lighting power density.   

One measure, ECM 3, the enthalpy economizer resulted in a negative savings compared to dry bulb 
control.  The analysis indicated that ambient air enthalpy conditions produced fewer possible economizer 
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hours than could be obtained from only the ambient dry bulb temperature conditions. While this measure 
is only one example, it does suggest that enthalpy economizer control should not be assumed to be 
superior to dry bulb temperature control and enthalpy control needs to be carefully evaluated for each 
climate zone. 

Site observations and trending data for ECM 9, efficient lighting, indicated a reduction in the lighting 
system run time from what was assumed in the tracking analysis, and which contributed in part to a 
reduction in savings for the measure. The customer participates in a program designed to influence 
occupant behavior relative to saving building energy use which has an emphasis on switching off lighting 
for non-occupied spaces. It cannot be categorically stated that the reduced run time was directly affected 
by the energy awareness program, but it is a reasonable conclusion to draw. What is important is that 
lighting efficiency measures need to consider the possible impact to savings when customers implement 
occupant behavior programs.  
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2. PROJECT DESCRIPTION 
This C&I New Construction & Major Renovation project includes twelve electrical efficiency 
improvements that were installed as part of the new construction of the project building in northeastern 
Massachusetts. The building is two-stories, 33,800 square-feet in size, and devoted to science instruction 
at the high school level. The building includes classrooms, a student project area, academic support 
rooms, labs with fume hoods, a lecture hall, an atrium and common areas. Heating is provided by a hot 
water boiler. DX cooling is provided. The HVAC system consists of three roof top units. AHU 1 is a 
variable volume (VAV) unit and serves the instructional areas. AHU 2 is constant volume (CV) unit and 
provides cooling and heating for the lecture hall. AHU 3 serves a combination of VAV and CV terminal 
units which provides heating and cooling for the circulation and atrium spaces. AHU 1 includes a heat 
wheel and the domestic hot water system includes solar preheat. Neither of these systems was included in 
the TAS nor analyzed as efficiency measures for the evaluation. The fume hoods were found to have 
negligible use and were not included in the evaluation analysis. The building is linked to an adjacent 
academic building by a two level glass enclosed entry. Thirty six percent of the building’s exterior 
vertical surface is glazing, of which about one fourth can be opened to permit introduction of outside air.  
The building electricity is provided by National Grid. Natural gas is supplied by Sprague Energy and 
transported to the site by Bay State Gas.  

The building operates on an academic calendar as indicated below. This schedule differs from the one in 
the TAS and has been modified based on the assessment of logger and EMS trend data as well as 
information from the school’s web site, and reflects the current building operational schedule.  The 
occupancy schedule used in the TAS was based on the overall school occupancy schedule which includes 
summer programs; however, there was no indication that the Science building is in use during in the 
summer. 

 
Science Center Observed Occupancy Schedule(1) 

 
Start Academic Year:   September 14    60% of September occupied

(2) 

 
Thanksgiving Break:   November 21 to 29     80% of November occupied 
 
Winter Break:    December 17 to January 3   50% of December occupied 
 
Exam Break:    January 22 to 26    80% of January occupied 
 
Spring Break:   March 6 to 21    50% of March occupied 
 
Graduation/End of Classes:   Beginning of June    10% of June occupied 
 
Summer School:    None in building    0% of July, August occupied(3) 

 
Academic standard week:                   Monday through Friday, 7 AM to 6 PM; Saturday, 7AM to 12 PM 
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(1) For months not indicated assume 100% of month occupied.  
 (2)Percent of monthly occupancies exclude holidays and Sundays that occur during the month.  
(3)There was no scheduled activity in the building; however EMS data indicated operation of air handlers for reduced hours on weekdays and 

logger data showed sporadic use of lights. 
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The efficiency improvements affect the building envelope and glazing, its lighting system, and 
mechanical systems. The proposed measures were defined in the TAS, and are listed below in Table 2. 
The tracking estimates of non-interactive measures as well as interactive package energy savings are 
provided in the table. Improved envelope insulation in excess of that required by the Advanced Building 
standards and identified as ECM-A in the TAS was selected by the owner to improve the building 
comfort, but was not included as a program measure as it was demonstrated not to be cost effective. The 
measure was included in the National Grid rebated measure base case as it affected the remaining 
individual measure savings as well as the interactive package savings estimates.  

Table 2: Proposed Energy Conservation Measures and Estimated Savings 

ECM and Description of ECM 
TAS Savings 

Estimate 
(kWh) 

ECM-A Improved Envelope Insulation 
Install additional insulation to improve envelope R values.  

-7,657 

ECM-1 Improved Glazing Selection 
Install glazing with an improved solar heat gain coefficient (SHGC). 

31,944 

ECM-2 AHU 2 Demand-controlled Ventilation 
Utilize a C02 sensor to control ventilation level for the Lecture Hall served 
by AHU 2.  

348 

ECM-3 Enthalpy Economizer 
Utilize enthalpy sensors in lieu of dry bulb sensors to control outside air 
economizers for AHUs 1, 2, 3.  

9,421 

ECM-4 Occupancy-based Temperature Setback 
Implement additional controls to allow space temperatures to set back at the 
same time that lighting occupancy sensors indicate that the space is 
unoccupied during normally occupied periods.  

2,198 

ECM-5 Cupola Ventilation 
Remove space heat from the circulation and atrium spaces by using a small 
exhaust fan and controlling operable windows when ambient outside air 
temperatures are between 60 and 80 °F in lieu of AHU 3 supply and return 
fans.  

11,129 

ECM-6 VSD on Hot Water Pumps 
Install VSDs on the two hot water pumps in lieu of using three way bypass 
valves.  

9,059 

ECM-7 Efficient DX Selections 
Install condensing units with higher EERs.  

3,767 

ECM-8 Efficient Motors 
For motors greater than 1 HP and 2000 hours/year operation, use premium 
efficient units.  

2,671 

ECM-9 Efficient Lighting Design 
Reduce the lighting power density by using higher efficacy lamps.  

40,698 

ECM-10 Occupancy-based Lighting Controls 
Use occupancy sensors to automatically turn off lights in normally 
occupied spaces when unoccupied for more than 10 minutes.  

5,495 
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ECM and Description of ECM 
TAS Savings 

Estimate 
(kWh) 

ECM-11 Day lighting Controls 
Install automatic controls to dim the perimeter lighting for the lecture hall 
when sufficient ambient light is present.  

8,031 

ECM-12 Automatic Bi-level Hallway Lighting 
Install occupancy sensors in corridors and stairwells to reduce lighting 
levels 50% when the spaces are unoccupied during normally occupied 
periods.  

9,096 

 Total Measure Non- Interactive Savings 133,857 
 Total Calculated Interactive Package Savings Relative to Code 

Compliance Base 
95,047 

 Total Calculated Interactive Package Savings Relative to National 
Grid Base 

102,839 

Notes: 
National Grid Base includes envelope insulation in excess to that required by code and essentially is in compliance with the Advanced Buildings 

Guidelines. The increased envelope insulation is defined as ECM-A, and resulted in a negative savings of 7,657 kWh. With increased 
envelope insulation, internal heat gains from solar and people are not conducted as readily through the envelope and more cooling energy is 
required to remove the heat.  The interactive package savings level is greater due to a baseline with larger usage.  

The improved envelope insulation is included as part of the baseline building when determining measure savings for National Grid rebates.  
The TAS Report indicated that ECM-1 did not qualify for a National Grid Rebate because its payback was less than 1.5 years, but was included 

in the savings and cost calculations.  
The TAS Report indicated that ECM-12 did not qualify for a National Grid custom rebate and was not included in the savings calculations. 

However, the TAS Analysis (Tab “S”, lines 20, 21, 130) indicated that the measure savings and costs were included in the analysis.  
The TAS Analysis did not include the interactive effect on individual measures, only the entire package.  
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3. PROJECT-LEVEL ANALYSIS AND RESULTS 
3.1. TA Study Methodology 
The TAS utilized a complex temperature bin model to analyze the energy savings. The TAS base case 
conditions were derived through discussions with the owner’s design team, and from design parameters 
compliant with the Massachusetts building code, 780 CMR, with the exception of additional envelope 
insulation. A heat wheel on AHU 1 though not required by code was initially considered but not included 
in the TAS. The prescriptive tables and data in the Advanced Building code were used to develop the base 
case assumptions of building shell thermal performance, mechanical equipment performance, basic 
mechanical control sequences, lighting power densities, and basic lighting control methods.2

The tracking approach modified the base case model parameters to estimate the reduction in energy 
consumption for each proposed measure. Base case model changes for all measures were made to 
estimate the energy savings for the entire measure package and related measure interactive effects.  

 The base 
case insulation identified as ECM A in the TAS exceeded minimum code requirements. The insulation 
was included in the TAS base case against which the twelve National Grid rebated measures were 
evaluated.  

Specific ECM base case assumptions and proposed measure efficiency changes utilized in the bin model 
are indicated in Section 4 below. For each measure, the difference between the base case and proposed 
bin model results quantified the energy saving potential. 

The tracking analyst used a detailed bin algorithm to model the base case building. The model 
temperature bins were based on 30-year historical data provided by the National Climatic Data Center for 
the years 1967 to 1997 for Hanscom Air Force Base located in Bedford, Massachusetts. The model was 
structured to determine building occupied and unoccupied period loads. The building was broken up into 
three thermal zones: AHU 1 serving first and second floor instructional and lab areas, AHU 2 serving the 
lecture hall, and AHU 3 serving common circulation including the atrium.  

Building loads were developed for each zone and used in conjunction with a custom calculation engine to 
estimate the HVAC power requirements, which are summarized below.  

Space Loads 

Model space loads calculations for both the base and proposed measure cases included conductive heat 
transfer through the slab, roof, exterior walls, and windows for each zone. Heat gain from solar insolation 
was developed from ASHRAE tables of monthly solar heat gain factors for various orientations. The heat 
gain factors were expanded for an entire year and linked to the weather data file and the average heat gain 
factors for each occupied and unoccupied bin was determined. Other space loads included occupant 
sensible heat, plug loads, and electrical lighting. Infiltration loads assumed 0.15 air changes per hour 
(ACH) during occupied hours and 25% less during unoccupied hours. 
                                                                 
2  Base case values are identified in the TAS, PDF file 522351 <site name> Report 101607 - FINAL, and in the temperature bin 

analysis, Excel file, “<site name> Model 091807”.  
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AHU Power 

Total air volumes handled by VAV type air handlers (AHU 1 and AHU 3) for each bin were based on the 
sensible loads for the zones served by these units and the terminal unit design maximum and minimum 
airflow rates. AHU 2 is a constant volume unit, and was assumed to operate at its design flow rate 
throughout all occupied hours. The cooling coil discharge air temperature for all three units was assumed 
to be 55°F when the outside dew point was greater than 55°F. The discharge temperature for AHUs 1 and 
3 was modeled to increase during unoccupied periods per mechanical design intent. The discharge 
temperature for AHU 2 was modulated to match the cooling requirement of the lecture hall zone it serves.  

The VSD power demand of the VAV AHU supply and return fans was estimated using the following 
expression: 

Part-speed kW = Full-speed kW * [A * % Speed + (1-A) * % Speed3] 

Where:  ‘A’ is the ratio of control static pressure to fan selection static pressure, assumed to be 
0.30 in the model.  

The return fan VSDs are assumed to operate 5% slower than the supply fan VSDs. 

Fixed volume ventilation controls were modeled for the AHUs, with minimum outside air volumes based 
on the design schedule values. No outside air was modeled during unoccupied hours. 

An air-side economizer was modeled for all AHUs where the volume of outside air was modulated above 
minimum as necessary to meet space cooling requirements when ambient conditions dictated for both dry 
bulb and enthalpy conditions.   

Two small toilet exhaust fans were assumed to operate during occupied hours within the zone served by 
AHU 3.  

The air handling systems were assumed to operate continuously during scheduled occupied periods and to 
cycle during unoccupied periods for both base and proposed measure cases. Unoccupied cycling was 
assumed to impact the fan energy consumption but not the cooling or heating energy consumption. Fan 
cycling was calculated for each bin based on the net heat gain/loss, a zone-specific heat capacity, and the 
average number of unoccupied hours per day for each bin. 

Cooling System 

The cooling loads on the DX cooling coils were calculated using the following expression: 

Cooling load, tons = 4.45 * Total airflow, CFM * (Discharge air enthalpy, Btu/lb – Mixed return 
air enthalpy, Btu/lb) ÷ 12,000 Btu/ton hr 

Where:  

The mixed return enthalpy includes the impacts of occupant latent heat. 

The design outside dry-bulb air temperature for the air-cooled condensing units was based on 
95°F with an assumed 1 percent performance improvement for each 1°F decrease in ambient 
temperature down to 75°F. At this ambient temperature the standard head pressure controls limit 
further decreases in condensing pressure (95°F SCT assumed with a 20°F approach).  
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Heating System  

Heating for the AHUs was calculated using the following expression: 

AHU heating, MBH = 1.08 * Total airflow, CFM * (Mixed return air dry bulb temperature, °F – 
Coil discharge temperature set point, °F) ÷ 1,000 

Where:  

Reheat loads were calculated using zone space loads and the design RTU discharge temperature. 

Natural gas consumption, expressed in therms per hour, was calculated based on boiler 
performance at full load, the total heating load (perimeter baseboard, sub-slab radiant, AHU coils, 
and reheat coils), and a natural gas energy density of 100,000 BTU/therm.  

Boiler operation is available throughout the year to provide reheat for the constant volume AHU  

The performance of the heating system is assumed to be the same in the base and post installation 
systems. 

3.2. Evaluation Methodology 
An eQUEST simulation model was substituted for the TAS temperature bin analysis. The bin model was 
judged not practical to use for the evaluation.  The change in analysis methodology was discussed and 
agreed to by both National Grid and the LCIEC evaluation contractor, KEMA. Because of the additional 
level of effort required and lack of complete TAS analysis files only a qualitative assessment could be 
made for the differences between the TAS and eQUEST models.   

The eQUEST model of the installed building was developed using parameters derived from the as-built 
construction documentation, site observations, owner provided operational information, and system 
operational measurements collected from field data logging and EMS trends. Actual weather data3

Electrical usage (kWh) and demand (kW) data was gathered specifically for the science building under an 
energy monitoring and information program operated by a northeast university. The program collects data 
and provides feedback that compares ongoing current electrical consumption against historical 
consumption which is presented in a real time graphical format in the building being monitored. The 
underlying usage and demand data is maintained in a database accessible by the program subscriber, with 
data collected at 15 minute intervals. Data for all of 2010 was available. Gas usage data is neither trended 
nor available from the supplier specifically for the science building. Manual readings were taken each 
month at the building sub-meter during the period November 2010 through February 2011 and adjusted 

 
concurrent with sub-metered electrical data and the combination of metered and extrapolated gas data for 
the period January through December 2010 was used for calibrating the installed building model to actual 
building performance.  

                                                                 
3 Weather data for the site was sourced from the nearest TMY3 station.  For the calibration model, the following fields were 

updated with actual weather data for 2010 provided by WeatherBank®: Ceiling Height, Dew Point, Dry Bulb Temperature, 
Horizontal Visibility, Cloud Cover, Wind Direction and Wind Speed.  The updated TMY3 file was then converted to TMY2 
and converted again to an eQuest-compatible weather file since no direct conversion from TMY3 to bin was publicly available. 
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for non-weather-related loads, then normalized to the same period weather data. Monthly weather related 
usage for the remainder of the year was estimated by extrapolating the normalized data to the months 
absent actual gas meter readings.  

The installed building model parameters were adjusted to achieve as practically as possible a 5 percent 
annual match for metered kWh and a 10 percent monthly match to the metered kWh data. The model was 
not specifically calibrated to the estimated monthly gas usage, although the model results paralleled the 
estimated usage. Gas usage does not directly affect measure electrical savings.  Priority of model 
parameter adjustments was based on the certainty of collected data, which included occupancy schedules, 
number of occupants, plug loads, estimated diversity factors, and infiltration. Only minor changes to the 
model were made for parameters with a higher degree of certainty. Adjusted parameters included 
equipment operation, lighting power density, and envelope parameters that had a higher degree of 
certainty, which were obtained from design documents, operation and maintenance data, and field 
measurements. 

Once the installed building model was calibrated, a base case model was established by changing all the 
building parameters affected by the installation of the twelve measures back to those based on the 
minimum code requirements for the National Grid baseline as previously described. Schedule and 
occupancy assumptions for the installed measure case, which had been derived from trending data, were 
used for the base case, but corrected for the impacts on schedules due to measures involving occupancy 
sensors. The evaluation base case used 30-year TMY3 weather data in lieu of the actual weather data that 
was used to calibrate the installed measure building model.  Specific base case parameters are indicated in 
the measure discussion in Section 4.  

In addition, the base case eQUEST model included two additions to the specific TAS base case measure 
conditions. National Grid requested that all measures installed but not included in the program nor rebated 
be included in the evaluation base case. In addition to the extra insulation defined in Section 2, the 
evaluation base case included a heat wheel that had been incorporated into AHU 1 independent of the 
program, and solar preheat system for the domestic hot water, which had not been proposed in the TAS, 
but was installed by the customer. 

Using the 30 year TMY3 weather file, individual measures and the measure package were re-evaluated. 
The difference between the common base case and installed measure building models constituted the 
evaluated annual energy savings for each individual measure and the package of measures. Following 
National Grid evaluation guidelines, estimates of the summer peak kW, winter peak kW and percent of 
annual energy savings that occur on-peak were derived from the eQUEST model outputs.  

EMS trending data was collected from the HVAC system during both the cooling and heating seasons 
including the seasonal shoulder transition periods.  The owner granted access to the EMS and it was 
possible to view equipment performance in real time. As a result, selected EMS points were trended at 
10-20 minute intervals throughout 2010. 

Data logging was conducted for a minimum period of eight weeks each during the end of summer cooling 
and the winter heating seasons, early August 2010 through early January, 2011, which covered both 
academic and break periods. Logged parameters were sampled at 15 minute intervals. Measurements 
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involving the building electrical power distribution system were in accordance with National Grid EM&V 
protocols. 

Data sources included discussions with the customer and the TAS analyst, construction plans for the 
installed building conditions, EMS trending data, independent data logging instruments, manufacturer’s 
product literature, the WeatherBank®, general reference materials, energy usage sub metering data, 
manual meter readings of natural gas usage, and observations and one time measurements made during 
three separate site visits. The method of data collection and how the data was utilized in the eQUEST 
evaluation model for each of the installed measures is discussed in Section 4. Table 33 in the Appendix 
provides a list of all data points that were either trended or measured for the evaluation.  

A sampling approach was used to gather data for each lighting control scheme; including manual switch, 
day lighted, and occupancy sensor controlled fixtures. Lighting and amp loggers were located in various 
areas of the building to gain a sense of the overall lighting system operation and estimate fixture run 
times. The data gathered was sufficient to verify measure performance and to estimate actual fixture run 
times throughout the building. 

3.3. Evaluation Results 

3.3.1. TAS Model Verification  
National Grid utility requested that a bin model be utilized for the TAS. Both National Grid and the TAS 
analyst have acknowledged that the bin model does not fully capture the building dynamics and relies on 
simplifying assumptions which produce results subject to some deficiencies, and this savings method is 
no longer used to estimate savings for comprehensive energy efficiency projects.  Because the bin model 
contained embedded macros and links to other add in files which were not readily available for the 
evaluation an eQUEST simulation model was developed as a substitute and used to evaluate the project 
savings.  

3.3.2. Evaluation Model Energy Use 
A model of electric energy consumption for the installed measure package was prepared using the 
eQUEST model developed for this evaluation. Table 3 below summarizes the metered electrical usage 
and the calibrated building model electrical energy use results.  

Table 3: eQUEST As-built Building Model and Billing Data kWh 

 eQUEST Model 
2010 Model 

(kWh) 
Metered Data (kWh) %dif

f 
Jan      16,625.0       18,522.6  -10% 
Feb      15,960.0       15,866.5  1% 
Mar      13,582.3       12,437.4  9% 
Apr      17,025.2       17,192.9  -1% 
May      18,771.2       19,984.7  -6% 
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 eQUEST Model 
2010 Model 

(kWh) 
Metered Data (kWh) %dif

f 
Jun      15,669.7       14,738.5  6% 
Jul      16,305.5       15,708.0  4% 

Aug      12,184.1       12,526.7  -3% 
Sep      18,421.8       17,849.1  3% 
Oct      17,334.7       17,297.1  0% 
Nov      14,143.0       14,608.1  -3% 
Dec      14,445.0       15,272.3  -5% 

Total    190,467.4     192,003.9  -1% 
 

Calibrating the model to the 10% annual and 5% monthly tolerance bands was more difficult than usual 
due to the sporadic occupancy of the building throughout the year. Being an academic building it was 
subject to spring, summer and winter break times as well professional planning and conference days. The 
building has varying number of occupants during occupied hours as class size and number of classes 
varies day to day. Students and teachers often work in the building before and after classes and on 
weekends. Open houses and special events are held at nights and during weekends when the building 
would normally be in a non-occupied mode. As a result, it was not practical to formulate consistent 
schedules. It was necessary to average schedule data over time which made it more difficult to match the 
model results to the actual monthly energy use as precisely as was desired. 

3.3.3. Annual Energy Savings 
The evaluation of typical annual savings for the measure interactive package produced an estimate of 
savings that was 42 percent of the tracking estimate as indicated in Table 4 below. The evaluated 
packaged measure savings was determined by running the installed measure eQUEST model with TMY3 
weather data and comparing the evaluation usage to the base case model estimated usage. Individual runs 
were made to determine measure savings which do not include interactive effect with other measures.  
Individual measure savings are contained in Section 4.  

Table 4: Evaluated Annual Energy Savings 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 133,857  45,898  34% 
Total Interactive  102,839 42,750  42% 

 

The evaluated savings shown in Table 4  are significantly lower than the tracking estimates for both the 
non-interactive and interactive totals. The primary reasons for the decrease in savings are generally due to 
non- performance of some measures and incorrect measure assumptions used to support the original TAS 
analysis. While the TAS measure assumptions were largely reasonable, the data gathered from logger and 
EMS trends provided a more accurate assessment of the actual building operation. In general the 
mechanical system measures produced marginal savings and in two cases, negative savings. The majority 
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of the savings was produced from the efficient lighting fixture measure and the lighting control measures 
that served to reduce the time that the building lights were energized during normal hours of occupancy.  

A discussion of the individual evaluated measure savings is summarized below.   

1. The improved glazing measure in ECM 1 resulted in savings significantly less than predicted in 
the tracking estimate. The evaluated savings was estimated at 1,925 kWh/year compared to some 
31,944 kWh/year for the tracking estimate. This tracking value appears to be excessive in that it 
represents approximately 61% of the base case end use cooling energy, estimated at 52,471 kWh 
per year, which is not a reasonable expectation. The evaluation  non-interactive measure savings 
is approximately 5% of the end use base case cooling energy estimated at 37,348 kWh per year, 
which is a more reasonable result. Envelope insulation assumptions in the TAS bin model are 
correct so it has to be assumed that either the solar data used in the analysis is flawed or not 
properly handled in the model. A secondary contributing factor to the measure savings disparity 
is the lack of a glazing overhang in the TAS bin model. The eQUEST model included an 
overhang over the atrium that served to improve shading and reduce solar gains. However, the 
evaluation judgment is that the use of an overhang in the evaluation analysis is not a significant 
factor for the significant smaller evaluation savings estimate. . 

2. The demand controlled ventilation of the auditorium (ECM 2) produced zero savings due to what 
appeared to be a control problem. The auditorium space consistently operated below the threshold 
CO2 level of 800 ppm, but the OA damper did not modulate below its normal minimum position.  
For a room CO2 lower than the room set point, it would be expected that the OA damper would 
be reduced below minimum. Thus, no savings was achieved.  

3. The enthalpy economizers (ECM 3) functioned but produced a negative savings. It appears that 
the ambient outside air conditions resulted in fewer available economizer hours when under 
enthalpy control as compared to dry bulb control of the economizer. This result is not totally 
unexpected and in the experience of the SBW evaluation staff similar results have been observed 
in the analysis of other enthalpy controlled economizer measures. Separate eQUEST sensitivity  
runs were made for both dry bulb and enthalpy economizer control against a base with no 
economizer.  This analysis indicated that the dry bulb control provided the majority of savings 
over no economizer, while the enthalpy control provided for only a few hours of economizing 
over the base case of no economizer control. The savings result is derived within the eQUEST 
model by simply changing a flag from dry bulb to enthalpy control of the economizer function. 
Additionally, the eQUEST model utilizes hourly weather data which is superior to binned data 
used in the TAS analysis. In comparing the TAS bin model results with the eQUEST model 
greater confidence should be placed on the latter.   

4. The setback of room temperatures in vacant rooms during normally occupied hours (ECM 4) 
produced a slightly negative savings. The trending data provided no evidence of cooling 
temperature set back, so it was expected that no cooling energy would be saved.  It is not likely 
that the rooms were never unoccupied during normally occupied hours. Although it was not 
possible to determine the EMS control algorithm for this measure, the failure to achieve non-
occupied cooling setback is likely due to an EMS programming issue. The logged data did 
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indicate a small temperature setback during heating which saved thermal energy. The negative 
energy savings most likely is attributed the transient fan speeds that result when heating 
temperatures are being restored after setback. 

5. Operation of the cupola ventilation fan to displace operation of AHU 3 space cooling (ECM 5) 
occurred approximately 24% of the hours that were available during the stipulated conditions of 
OA temperature and a call for cooling. The hours of operation of the cupola fan were estimated 
from trended EMS data. No specific reason could be determined for the reduced hours of cupola 
fan operation. It is possible that the EMS controls may have employed additional conditions that 
limited the hours of operation. EMS control programming was not accessible for review.  

6. The hot water pump evaluated savings (ECM 6) presented about 10% of the tracking savings.  
The trended data indicated that the HW pump operated close to full speed which negated most of 
the savings available from a VSD controlled pump operating over a greater speed range as was 
proposed in the TAS analysis.  According to trended data, the actual OA reset schedule for the 
hot water supply temperature extended over a greater range than for the TAS assumptions for 
both OA temperatures and hot water supply temperature thus it was able to meet a majority of the 
change in heating load without a change in pump speed and related hot water volume.  

7. Cooling energy savings from the higher EER rated DX units (ECM 7) produced savings slightly 
less than the tracking estimate. This is due to the lower evaluated base case cooling energy than 
was estimated in the TAS analysis, and to the ability of the eQUEST model to better capture the 
operation of the DX cooling units than is possible in a bin analysis.  

8. The energy efficient motor measure (ECM 8) showed savings about 40% of the tracking 
primarily due to air handler fan operation at lower speeds than assumed in the tracking analysis. 
Additionally, the TAS assumed a low fan speed during non-occupied hours. For the evaluation 
analysis, fans were off during non-occupied hours as indicated by trended data. The lower speeds 
and fewer operating hours resulted in less motor energy use and thus provided lower savings.  

9. The efficient lighting design measure (ECM 9) evaluated savings was about 44% of the tracking 
estimate. This was due to a lower lighting diversity factor (LDF) which reduced the fixture run 
time and a higher installed lighting power density (LPD) than was assumed in the TAS analysis. 
The LDF defines the effect on fixture run time during normally occupied periods from manual 
switching and occupancy lighting controls. A LDF of 1 assumes that the fixtures operate during 
the entire scheduled occupancy period. A LDF of 0.8 means that either switching or occupancy 
sensor control reduces the fixture run time by 20 percent.  The eQUEST model allowed for 
lighting power densities by zone as opposed to a single lighting power density that was applied in 
the TAS bin model. Additionally, the eQUEST model more accurately determined the interactive 
effect of reduced lighting on the heating and cooling of the building as compared to the TAS 
model.  

10. The occupancy sensor lighting control measure (ECM 10) produced savings slightly less than the 
tracking estimates.  The assumptions made in the TAS analysis are relatively consistent with the 
observed performance of the occupancy sensors in turning off fixtures when spaces have no 
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occupants during normal occupancy hours. The eQUEST model more accurately tracked 
interactive effect on heating and cooling compared to the TAS model.  

11. ECM 11, the day lighting measure, had evaluated savings greater than was projected from the 
tracking analysis. This was largely due to a slightly higher installed LPD of day lighted fixtures, a 
greater dimming range, and method of analysis whereby hourly solar data was used for the 
evaluation savings rather than estimated dimming hours in the bin model analysis. The interactive 
effect with cooling was more accurately determined within the eQUEST model than in the bin 
analysis.  

12. ECM 12, the corridor bi-level lighting control measure, had savings a little more than 37% of the 
tracking estimate. The assumptions in the TAS analysis for fixture off time were overstated 
relative to the off times observed from trended data. Additionally, the TAS analysis appeared to 
be in error in that given the analysis assumptions the estimated savings were greater than could be 
achieved than if the fixtures were continuously off.  The interactive effect on cooling was more 
accurately determined in the eQUEST model than was possible in the TAS analysis.  

3.3.4. Percent Energy On-Peak Savings 
The evaluation of percent energy savings that occurred during the on-peak period was approximately the 
same as the tracking estimate as indicated in Table 5 below.   

Table 5: Evaluated Percent Energy On-Peak Savings 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive    91% 74% 81% 
Total Interactive  72% 74% 103% 

 

3.3.5. Summer Peak Diversified kW Reduction 
The evaluation estimate of summer peak diversified kW reduction is lower than the tracking estimate, as 
shown in Table 6. The glazing measure, AHU economizer operation, and the demand controlled 
ventilation measure all negatively impacted kW savings during peak summer hours. In addition, the 
evaluation used average peak kW values. Tracking values are taken from the TAS analysis, Summary of 
Measures. Discrepancies were noted for ECMs 4, 5, and 10 peak kW values in this summary with related 
values in the National Grid 2007 Custom Screening Tool – V3.0 summary sheet, also located in the TAS 
report.   

Table 6: Evaluated Summer Peak Diversified kW Reduction 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 48.6(1) 7.6 16% 

Total Interactive  40.5 7.3 18% 
(1) Measure sum of average Summer kW for peak hours 
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3.3.6. Winter Peak Diversified kW Reduction 
During the winter peak period, the evaluation estimate shows a decrease in the diversified peak, compared 
to the estimate in the tracking database. Winter peak kW reductions are summarized in Table7. Winter 
peak demand was affected by reduced kW savings from the hot water pump and the lighting efficiency 
measures. In addition, the evaluation used average peak kW values. Tracking values are taken from the 
TAS analysis, Summary of Measures. Discrepancies were noted for ECMs 4 and 10 peak kW values in 
this summary with related values in the National Grid 2007 Custom Screening Tool – V3.0 summary 
sheet, also located in the TAS report.   

Table 7: Evaluated Winter Peak Diversified kW Reduction 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 16.4 (1) 2.6 16% 

Total Interactive  11.0 2.9 26% 
(1) Measure sum of average Winter kW for peak hours 

3.3.7. Non-electric Benefits 
This evaluation was not tasked with estimating gas savings except when the savings naturally result from 
evaluating electric savings. All measures with interactive gas effects have been included in the eQUEST 
model evaluation of the electrical measures in this evaluation.  

The non-electrical benefit that was expected, based on the TAS analysis, was from gas energy interactive 
with the electrical efficiency measures, as well as gas savings from improved glazing that was not 
interactive with electrical savings for the measure. Table 8 lists the non-interactive and interactive 
tracking and evaluation savings estimates for gas impacts.  

Table 8: Evaluated Total Gas Savings (Therms) 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive    -673  1502 -223% 
Total Interactive  -1,044  1551 -149% 

 

For the tracking estimates presented in the TAS, with the exception of ECM-2 all of the other measures 
indicated either zero gas savings or an increased gas usage. The slight increase in gas usage in ECM-4 is 
not logical in that reducing space temperatures should reduce perimeter envelope losses, and may indicate 
a problem with the TAS bin model.  
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4. MEASURE-LEVEL ANALYSIS AND RESULTS 
4.1. ECM-1 Efficient Glazing 

4.1.1. Tracking Estimate Approach 
Measure description 

This measure involved installed building glazing in excess of the Advanced Building minimum standards. 
Glazing with a solar heat gain coefficient (SHGC) of 0.31 and a window assembly U-value of 0.37 was 
installed. Advanced Building standards are 0.3 for SHGC and 0.45 for composite U-value The TAS base 
case took values from Table 1304.27 of 780 CMR. A SHGC specification of 0.5 and a window composite 
U-value of 0.5 was used for the TAS base case. 

Analysis Method 

Energy and demand savings were estimated in the TAS using a temperature bin model by taking the 
difference in estimated energy usage and demand between the installed and base case conditions. The 
energy and demand savings were achieved from reduced solar heat gain and from decreased envelope 
heat loss. 

4.1.2. Evaluation Approach 
Data Gathered 

EMS data: N/A 

Short term metering: N/A 

One time measurements (and other data sources): Data to support the evaluation was obtained from a 
review of the construction drawings and specifications to determine the specific installed glazing 
parameters. In addition the glazing orientations and sizes were obtained. The construction document data 
was confirmed with the building architect. During field visits site observations of the installed glazing 
were made. The glazing parameters conformed to the values used in the TAS. 

Verification 

Measure verification was accomplished via construction document review and site observations. 

Analysis Method 

For the evaluation, the installed measure was analyzed in the eQUEST model by selecting the glass type 
codes that matched the installed glazing SHGC and composite U-value, as well as the glazing 
transmission and reflective characteristics. The code-based glazing parameters from the TAS were used 
for the eQUEST base case model. 

Table 9 summarizes the key measure parameters that were utilized in the TAS and in the eQUEST model. 
Because the measure was installed as expected, there were no parameter changes made for the evaluation 
eQUEST model.  
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Table 9: Key Evaluation and TA Bin Model/eQUEST Parameters for Efficient Glazing  

Definition  
TA Study  

Model  
eQUEST Evaluation  

Model  
Source  

SHGC Proposed 0.31 
Base case 0.50 

Installed 0.31 
Base case 0.50 

TAS/Drawings 

Composite U-Value Proposed 0.37 
Base case 0.51 

Proposed 0.37 
Base case 0.51 

TAS/Drawings 

 

4.1.3. Evaluated Savings  
Table 10: ECM-1 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 31,944  1,925  6% 
Percent Energy On-peak 71% 76% 108% 
Summer Peak Diversified kW  9.24 0.81 9% 
Winter Peak Diversified kW  6.36 0.04 1% 

 

This measure was installed as proposed, and the same parametric values were used in both the TAS and 
evaluation analysis. However, the TAS bin model did not accurately predict the baseline or proposed 
building cooling load, and significantly overstated the potential energy savings for this measure.  The 
TAS estimated cooling energy for the baseline building was approximately 40%  higher than the 
estimated cooling load for the evaluated baseline building.  The evaluation found this measure to save 
approximately 4% of the baseline cooling energy; while the TAS estimated measure savings represented 
an implausible 61% of the total TAS estimated baseline cooling energy. The primary reason for 
differences between the tracking and evaluation estimates is due to the ability of the eQUEST model to 
more accurately account for thermal inertia and solar heat gains, as well as use of hourly weather and 
solar data in lieu of related binned data. Additionally the eQUEST model incorporated glazing overhangs 
which reduce solar gain through the glazing.  

4.2. ECM-2 Demand Controlled Ventilation 

4.2.1. Tracking Estimate Approach 
Measure Description 

This measure involved installation of a CO2 sensor in the RA duct of AHU 2 to reduce the minimum OA 
volume for the Lecture Hall when the occupancy was less than design. The control set point was 800 
ppm. CO2 readings below this threshold would cause the OA damper to further close below its minimum 
setting of 25 percent and remain so until the threshold was again crossed, when the OA damper would 
open to its minimum position.  
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Analysis Method 

Energy and demand savings were estimated in the TAS using a temperature bin model by taking the 
difference in estimated energy usage and demand between the installed and base case conditions. OA was 
reduced from 15 to 12 CFM per person. The supply fan static pressure was reduced by 50%. Room 
occupancy was assumed to be reduced from a base of 135 to 75 people. The TAS base case assumed no 
CO2 sensor and a static minimum OA damper position during hours of occupancy. The energy and 
demand savings was achieved from reduced OA ventilation and fan energy.  

4.2.2. Evaluation Approach 
Data Gathered 

EMS data: For AHU 2: Return Air CO2 level (ppm), outdoor damper position (%), OA Flow (CFM), RA 
Flow (CFM), RA Enthalpy (BTU/lb), OA Enthalpy (BTU/lb), Cool Stage 1/2 (on/off), OAT (°F).  

Short term metering: N/A 

One time measurements (and other data sources): N/A 

EMS trend data was obtained to evaluate both the performance of the measure as well as to determine 
specific inputs for the evaluation eQUEST model. The data set was reviewed and graphically profiled. 
Representative six-week periods were selected for each season to evaluate the relationships between the 
various parameters. Graphs of reduced data are shown in Appendix 5.2.3. 

Verification 

The presence of a CO2 sensor located in the return air duct of AHU 2 was indicated on the EMS screen 
graphic for AHU 2. The measure performance was evaluated from the EMS trending graphic profiles that 
related measure parameters. The data indicated that the CO2 levels were consistently below the set point 
specified in the EMS of 800 ppm during occupied periods, but there was no corresponding reduction in 
the OA volume from the minimum OA damper position of 25%. Thus the measure was judged to not 
function and no savings was achieved. It should be noted that the profiles indicated a significant transient 
spike in CO2 levels at the beginning of the non-occupied periods. The reason for this is suspected to be an 
inertial buildup of CO2 in the RA duct after the AHU fans shut down.  

Analysis Method 

For the evaluation, because the measures were verified not to function based on the trending data, it was 
not specifically analyzed for the evaluation. A demand controlled ventilation algorithm resident within the 
eQUEST model would accurately determine the savings for a functioning DCV measure. 

Table 11 summarizes the key measure parameters for the TAS analysis.  
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Table 11: Key Evaluation and TA Bin Model/eQUEST Parameters for Demand Controlled 
Ventilation 

Parameter Definition  
TA 

Study  
Model  

eQUEST 
Evaluation  

Model  
Source  

Baseline OA 
Minimum 
CFM/%OA 

Average OA CFM per person or OA damper 
position without CO2 control 

15 
CFM 

N/A EMS Trend 
Data 

Lecture Hall 
Occupancy Schedule 

Average room occupancy 75 N/A 
  

TAS 

OA Reset Minimum 
CFM/%OA 

Average OA CFM per person or OA damper 
position resulting from reduced CO2 level in 
Lecture Hall 

12 
CFM 

N/A eQUEST 
Model 

RA CO2  CO2 Set point to permit control OA damper 
below minimum 

N/A N/A EMS Trend 
Data 

 

4.2.3. Evaluated Savings  
Table 12: ECM-2 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 348 0 0% 
Percent Energy On-peak 91% 0 0% 
Summer Peak Diversified kW  6.73 0 0% 
Winter Peak Diversified kW  0 0 0% 

 

The evaluated savings for the installed measure was zero because based on the EMS trended data it was 
judged to be non-operational.  

4.3. ECM-3 Enthalpy Economizer 

4.3.1. Tracking Estimate Approach 
Measure description 

This measure involved using enthalpy in lieu of dry bulb temperatures to control the outside air 
economizers for AHUs 1, 2 and 3. AHU return air and outside air dry bulb and relative humidity sensors 
were installed and enthalpy calculated within the EMS. The difference between the return and outside air 
enthalpy was used to control the outside air dampers. The outside air damper is commanded to open 
100% to reduce mechanical cooling whenever there is a call for cooling and the return air enthalpy is 
greater than the outside air enthalpy. It could not be specifically determined if the enthalpy control was 
further conditioned by OA dry bulb temperature, as the TAS did not contain all components of the 
analysis. Otherwise, the outside air damper remains at its minimum volume setting.  
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Analysis Method 

The TAS estimated energy and demand savings using a temperature bin model by determining the 
difference in estimated energy usage and demand between the installed and base case conditions. 
Minimum OA damper settings for AHU 1 were assumed to be 20%, for AHU 2 the minimum was 12%, 
and for AHU 3 the minimum was 24%.  Cooling performance was assumed at 0.85 kW/ton at 75°F OAdb 
and 1.06 kW/ton at 95°F OAdb for AHU 1, and 0.97 kW/ton at 75°F OAdb and 1.21 kW/ton at 95°F 
OAdb for AHU 2, and 0.88 kW/ton at 75°F OAdb and 1.1 kW/ton at 95°F OAdb for AHU 3. The TAS 
assumed dry bulb temperature control of outside air dampers for the base case condition. 

Energy savings would be achieved if the outside air conditions permit decreasing the total heat content of 
mixed air delivered to the cooled space which in turn would reduce the time that the mechanical cooling 
system needed to operate over that which can be achieved with a comparable dry bulb temperature 
control. 

4.3.2. Evaluation Approach 
Data gathered 

EMS Data: OA enthalpy (BTU/lb), RA enthalpy (BTU/lb), OA damper position (%), OA Volume (CFM)  

Short term metering: OA RH (%), OAT (°F): Data Logger: OA temperature and RH in OA duct to AHUs. 

One time measurements and other data sources: N/A 

EMS trend data was obtained to evaluate both the performance of the measure as well as to determine 
specific measure parametric inputs for the evaluation eQUEST model. The data set was reviewed and 
graphically profiled for representative six-week periods in each season to evaluate the relationships 
between the various parameters. Graphic profiles of the economizer function for each AHU in each of the 
three seasons is contained in Appendix 5.2.4. 

Verification 

The presence of the economizer control function was verified from the EMS system. The OA temperature 
and RH sensors were located outside of the boiler room in what was judged to be an appropriate location. 
The same temperature and RH sensors were located in each AHU RA duct. The proper operation of each 
AHU economizer defined in the measure was evaluated from the EMS trending relationships indicated in 
the graphic profiles. The data indicated economizer function for each AHU per the following discussion.  

AHU 1 

Summer (Week of July 5 through July 11, 2010): There was a call for cooling during occupied hours, but 
the OA enthalpy was greater than RA enthalpy during most of the same period. Therefore the OA damper 
remained at it minimum position of 50%. There appeared to be a building purge cycle for a short period at 
the beginning of each occupied period. The OA dampers remained closed for the three days at the end of 
the data period. It is logical to assume that the building was scheduled for no occupancy during these 
days, which would keep the OA damper closed. The specific school schedule for the data period was not 
checked. Although there is no economizer function during this period the data demonstrates that the 
system is performing as expected under conditions where OA enthalpy is greater than RA enthalpy.  The 
economizer function is present.  
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Fall (Week of Sep 19 through Sep 26, 2011): When both the call for mechanical cooling and the OA 
enthalpy was less than the RA enthalpy, the OA damper fully opened. Based on the OA volumes it 
appeared that a building purge cycle took place at the beginning of the occupied period. The OA damper 
was closed during non-occupied periods. Economizer function is present.  

Winter (Jan 9 through Jan 16, 2011): The OA enthalpy was less than RA enthalpy, but there was no call 
for cooling, thus the OA damper remained at minimum of 50%. The OA damper was closed during non-
occupied periods. Economizer function is present.   

AHU 2 

Summer (July 4 through July 11, 2010): The enthalpy conditions were not satisfied and the OA damper 
remained at a minimum of 25%. A morning purge cycle took place at the beginning of occupancy. The 
OA damper was closed during non-occupied periods. The economizer function is present.  

Fall (Sep 19 through Sep 26, 2010): In general the economizer function follows that for the summer with 
the same purge cycle. Data for the cooling valve appears to be missing for Sep 20, 2010. Economizer 
function is present.  

Winter (Jan 23 through Jan 30, 2011): Since there is no call for cooling it would be expected that the OA 
damper would remain at its minimum of 25%. However, some damper operation in excess of 25% was 
noted, up to 50% with an approximate average of 40%. The reason for this is uncertain, but it is most 
likely related to some control system drift.   

AHU 3 

Summer (June 28 through July 5, 2010): There is a call for cooling, but the OA enthalpy is greater than 
the return air enthalpy, thus the conditions do not call for economizer and the OA damper remains at 
minimum position of 10%. The economizer function is proper.   

Fall (Sep 19 through Sep 26, 2010): The OA damper fully opens when there is a call for cooling and the 
OA enthalpy is less than the return air enthalpy. During non-occupied periods the dampers are closed. 
Thus economizer function is present.   

Winter (Feb 2 through Feb 9, 2011): There is no call for cooling during this season and the OA enthalpy 
remains less than the RA enthalpy and the OA damper should be at 10%. However, it was opening within 
a range of 35% to 40% during occupied hours. Given the conditions the damper would be expected to 
remain at minimum. The economizer operation was checked for roughly the same period in 2010 with the 
same result. The reason for this condition is possibly a controls issue, but is not entirely clear.   

Analysis Method 

For the evaluation, the installed measure for each AHU was analyzed in the eQUEST model by selecting 
the enthalpy control code and adjusting the OA minimum settings consistent with the results of trended 
data from the installed measure. Minimum OA was set to 50% for AHU 1 and to 25% for AHU 2. For 
AHU 3, the trend data indicated a minimum OA setting of 10% with variations up to as much as 40% 
when the system would not be expected to be in economizer mode. For the base case condition the same 
minimum OA settings as for the installed measure were used and an economizer control code for dry bulb 
temperature was selected in the model. 
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Table 13 summarized the key measure parameters that were utilized in the TAS and how they were 
changed for use in the eQUEST model. These changes reflect the installed measure conditions as 
determined from observations and collected trend and logger data. 

Table 13: Key Evaluation and TA Bin Model/eQUEST Inputs for Enthalpy Economizer 

 Definition  
TA Study  

Model  
eQUEST Evaluation  

Model  
Source  

Minimum OA  Minimum air permitted by OA 
damper 

AHU 1, 20% 
AHU 2, 12% 
AHU 3, 24% 

AHU 1, 50%  
AHU 2, 25% 
AHU 3, 10(1)- 40% 

EMS Trend Data  

OA Temperature  Dry Bulb, used to calculate OA 
enthalpy within EMS  

Weather Bin Data Hourly Weather File TMY data  

OA Relative Humidity  Used to calculate OA enthalpy 
within EMS 

 Weather Bin Data Hourly TMY Weather 
File 

TMY data 

Return Air Temperature Dry Bulb, used to calculate RA 
enthalpy within EMS 

Calculated within bin model Calculated hourly within 
eQUEST model 

NA  

Return Air Relative 
Humidity 

Used to calculate OA enthalpy 
within EMS  

Calculated within bin model Calculated hourly within 
eQUEST model 

NA  

(1)The OA damper minimum setting programmed was 10%, but in winter varied up to as much as 40% as indicated on EMS trending data. 
Reason could not be ascertained and minimum air was assumed to be 10%.  

4.3.3. Evaluated Savings  
Table 14: ECM-3 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 9,421  (2,305) -24% 
Percent Energy On-peak 81% 83%(1) 103% 
Summer Peak Diversified kW  0 0.07 n/a 
Winter Peak Diversified kW  0 0.03 n/a 
(1) This positive percentage is the result of a negative Energy On-peak savings divided by negative Annual Evaluated Savings. 

This energy efficiency measure was installed as proposed, however the evaluation model showed 
increased energy usage compared to the baseline dry-bulb economizer control.  The reason for the 
negative evaluated savings for the enthalpy economizer control is not entirely clear. Confidence needs to 
be placed in the eQUEST model and its ability to determine possible economizer hours using hourly 
weather data. The most likely explanation is that the enthalpy control results in fewer available 
economizer hours than can be achieved from OA dry bulb temperature conditions given the weather file 
used in the model. Under economizer conditions the enthalpy control would improve the building comfort 
conditions by better controlling room humidity. Dry bulb control could introduce OA with a higher 
humidity than desired for room conditions.  It should be noted that this same negative result has been 
found in the evaluation of other projects involving enthalpy economizer control.  
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4.4. ECM-4 Occupancy-based Temperature Setback 

4.4.1. Tracking Estimate Approach 
Measure description 

The measure employed additional controls to set back space temperatures when the related lighting 
occupancy sensors indicate that the space is not occupied during normal hours of occupancy. The measure 
applied to areas served by AHUs 1 and 2 and included the classrooms, the physics lab, and the lecture 
hall. The TAS base case for normally occupied cooling set point was 76°F and the heating set point was 
72°F, and assumed no temperature setback during the hours of occupancy. Energy savings was expected 
to result from reduced heating and cooling loads due to lower average heating and higher average cooling 
temperature set points when the space was not occupied during normally occupied hours. The specific 
heating and cooling setback temperatures did not appear to be defined in the TAS report, so it has been 
assumed they are 1°F as indicated in the bin model.   

Analysis Method 

Energy and demand savings were estimated in the TAS using a temperature bin model by taking the 
difference in estimated energy usage and demand between the proposed and base case conditions using 
their respective measure parameters. The base case condition assumed temperatures were to remain 
constant with fixtures operating at 95% diversity. This diversity factor is one in the same as the LDF 
previously defined in Section 3.3.3 for ECM 9.  The proposed case assumed that resultant space 
temperature set points were 1°F higher when cooling and 1°F lower during heating than the respective 
baseline set points and that the diversity factor was reduced to 90%, which means that on average the 
temperatures in the areas under occupancy control would have their temperatures set back 5% of the time. 

4.4.2. Evaluation Approach 
Data gathered 

EMS Data: Room occupancy status, room temperatures, room cooling and heating set points for selected 
rooms in classroom wing. 

Short term metering: Light loggers on fixtures controlled by occupancy sensors to record fixture on time, 
and in same space temperature loggers to record space temperature. Loggers were installed in 
representative rooms and areas throughout the building. 

One time measurements (and other data sources): N/A 

Room temperature and light on/off logger data was obtained for several rooms to evaluate the 
performance of the measure and to determine specific inputs for the evaluation eQUEST model. The 
resulting data set was reviewed and representative one week periods for the heating and cooling seasons 
were graphically profiled to evaluate the relationships between the various parameters.  Representative 
weeks were judged to be typical weeks of school operation during each season. A representative day from 
each week was selected and the time scale expanded to improve the profile resolution. Graphs of 
summarized data are presented in Appendix 5.2.5. 
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Verification 

The room temperature and lighting on/off profiles indicated that when the lights were off during the 
building occupied hours that the room temperatures fell approximately 1°F to 2°F from the normal 
heating set point. For cooling, the available logger and EMS data was inconclusive regarding temperature 
set back, thus, the measure is assumed to not fully perform, providing only some heating savings. 

Analysis Method 

For the evaluation, the measure was analyzed in the eQUEST model. For the installed measure case, a 
heating set point schedule with a 1°F temperature setback derived from the occupancy sensor lighting 
schedule was used. The base case retained the same temperature set point schedule without the 1°F 
setback.   The savings was estimated as the difference of the two model runs. Table 15 summarizes the 
key measure parameters. 

Table 15: Key Evaluation and TA Bin Model/eQUEST Inputs for Occupancy-based Temperature 
Setback 

Parameter  Definition  
TA Study  

Model  
eQUEST Evaluation  

Model  
Source  

Heating set back 
temperature 

Temperature setback when room 
unoccupied during normal hours of 
occupancy, sampled room.  

1°F, heating 
and cooling 

1° F, heating only Logger 
data 

Lighting on/off  Profile when occupancy sensor 
controlled lights are on or off during 
normal occupied hours 

5% for all 
zones 

Temperature set point profile 
derived from occupancy sensor 
lighting profile.   

Logger 
data 

 

4.4.3. Evaluated Savings  
Table 16: ECM-4 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 2,198  (121) -6% 
Percent Energy On-peak 81% 0% 0% 
Summer Peak Diversified kW  0.93 0 0% 
Winter Peak Diversified kW  0.73 0 0% 

 

The reason that the measure did not produce any savings is because no cooling temperature setback was 
achieved when cooled spaces were unoccupied during normally scheduled hours. Temperature setback 
was noted for heating which did result in a gas savings. The slightly negative savings is presumed to 
result from transient fan speeds that result when heating temperatures are being restored after setback.  
The tracking savings assumed temperature setback for both cooling and heating, which was applied 
equally to both AHU zones that employed occupancy setback control. 
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4.5. ECM-5 Cupola Ventilation 

4.5.1. Tracking Estimate Approach 
Measure description 

The measure provided for a 0.75 HP cupola exhaust fan to ventilate areas served by AHU 3 when the OA 
temperature was between 60°F and 80°F during building occupied hours. Make up air was obtained from 
the atrium perimeter windows operated with motorized actuators located at the top of the atrium space. 
The measure eliminated the need to operate AHU 3 supply and return fans as well as related mechanical 
cooling within the OA temperature band. Energy savings was achieved by conditioning the space with 
OA in lieu of mechanical cooling within the designated OA temperature band. 

Analysis Method 

The TAS estimated energy and demand savings using a temperature bin model to determine the 
difference in estimated energy usage and demand between the installed and base case conditions. 

The TAS base case analysis assumed that the areas served by AHU 3 would utilize the AHU supply and 
return fans for both mechanical and economizer cooling. The base case supply fan was assumed to be 8.9 
BHP, operating at 7000 CFM with a static pressure of 5.2 inches, and a VFD turndown ratio of 0.33. The 
return fan was assumed to be 2.2 BHP, operating at 6000 CFM with a static of 1.6 inches, and a VFD 
turndown ratio of 0.33. Cooling performance was assumed at 0.88 kW/ton at 75°F OAdb and 1.1 kW/ton 
at 95°F OAdb. 

For the installed measure, between temperature bins with average values of 62°F and 77°F, the supply 
fan, return fan, and DX system parameters were set to an off condition with no resulting energy use. 
Between the same temperature bins, the exhaust fan power was increased from an average of 0.4 kW to 1 
kW to account for operation of the cupola fan. The 0.4 kW represented all other exhaust fans in the 
building.  

4.5.2. Evaluation Approach 
Data gathered 

EMS Data: Outdoor dry bulb temperature (°F), cupola exhaust fan motor status (on/off), atrium window 
status (open/close), proxy for AHU 3 operation – supply fan status.  

Short term metering: N/A 

One time measurements (and other data sources): Observed operation of the atrium powered window 
operation interlock with cupola fan to confirm general operation of measure. 

Data was gathered to demonstrate operation of the cupola fan in conjunction with the atrium windows 
opening and closing, and the operation of the AHU 3 cooling system, as well as the relationship of cupola 
fan operation with OA temperatures. The resulting data set was reviewed and reduced to obtain 
correlations of the interaction between the cupola fan, AHU 3 cooling, and atrium windows, as well as the 
relationship between cupola fan percent on time and the OA temperature. Graphs of summarized data and 
the logic of data reduction are presented in Appendix 5.2.6.  
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Verification 

General operation of the installed measure was verified from site observations, EMS trends, and logger 
data. The interlock between the fan operation and operable atrium windows was verified. Correlated EMS 
data indicated only partial operation of the measure. The reduced data set indicated that cupola fan 
operated during occupied hours between OA temperatures of 65°F and 82°F, with an average on-time of 
approximately 24% of the available or expected on-time hours within the outside air temperature band.  

Analysis Method 

It was determined that the eQUEST model could not provide a reasonable result by changing the model 
inputs for the measure evaluation. Instead, the model was used to calculate fan and DX energy use for 
AHU 3 within the temperature band that the cupola fan was enabled to operate. This energy use was 
adjusted to account for the actual time that the cupola fan ran within the temperature band. The resultant 
value represented the amount of AHU fan and DX cooling energy that was displaced by use of the cupola 
fan for cooling. Graphs showing the temperature band and percent cupola fan operation, with a detailed 
explanation of the data reduction process can be viewed in the Appendix under 5.2.6 ECM-5 Cupola 
Ventilation. Table 17 summarizes the key model parameters used in the savings analysis.   

Table 17: Key Evaluation and TA Bin Model/eQUEST Inputs for Cupola Ventilation 

Parameter  Definition  
TA Study  

Model  
eQUEST Evaluation  

Model  
Source  

OAT To define band of operation for 
cupola fan  

60°F – 80°F 65°F – 82°F EMS 

Cupola EF Status Cupola fan operation with 
atrium window operation and 
AHU 3 

Interlock Baseline inputs, output 
analyzed outside of model 

EMS 

Atrium Window Status 
(Open/Close) 

Window open/close status with 
cupola EF operation 

Open when 
cupola fan on 

Baseline inputs, output 
analyzed outside of model 

EMS 

AHU 3 SF/RTU 3 
Status 

AHU 3/RTU 3 operation with 
cupola fan  

Off when 
cupola fan on 

Baseline inputs, output 
analyzed outside of model  

EMS 

 

4.5.3. Evaluated Savings  
Table 18: ECM-5 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 11,129  3,409  31% 
Percent Energy On-peak 85% 77% 91% 
Summer Peak Diversified kW  3.64 1.2 34% 
Winter Peak Diversified kW  0 0 100% 

 

The variance between the evaluation and the tracking estimates is primarily due to a difference in the OA 
temperature band limits when the cupola fan was enabled to operate, and the percent of time that the 
cupola fan actually ran within the temperature band.  The eQUEST model was better able than the TAS 
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bin model to determine the end use of mechanical cooling energy within the specified OA temperature 
band which formed the basis of the cupola fan savings evaluation estimate by avoiding a portion of this 
cooling end use energy. 

4.6. ECM-6 VSD on Hot Water Pumps 

4.6.1. Tracking Estimate Approach 
Measure description 

The measure provided for the two lead/lag-configured 5 HP hot water circulating pumps with their flow 
rates controlled with VSDs. The active VSD speed was controlled to maintain a differential pressure set 
point of 10 psi measured between the pump output and the end of the hot water distribution line. A low 
flow bypass permitted minimal hot water circulation when hot water was not demanded. Energy savings 
resulted from the improved efficiency of variable vs. constant volume pumping.  

Analysis Method 

The analysis was conducted within a temperature bin model. For the proposed case, pump flow vs. head 
and BHP curves were developed for a TACO FE 2507 pump with an impeller adjusted from 8.5” to 8.4”. 
Pump curve operating points were input to the bin model for both occupied and non-occupied times. 
Pump speeds were assumed to be constant and it did appear that the analysis accounted for periods of 
minimal circulation. Pumping was assumed to operate 8,760 hours per year at 27 Hz or 0.7 BHP. The 
base case assumed a constant speed pump operation using three-way valve for volume control with 1.9 
BHP. The difference between the base case and proposed pump energy usage for both occupied and non-
occupied periods constituted the estimated measure savings. 

4.6.2. Evaluation Approach 
Data gathered 

EMS Data: Hot water circulation pump speed (%), HW supply temperature (°F), OAT (°F) 

Short term metering: N/A 

One time measurements (and other data sources): Recorded kW measurements of HW pump motor at 
speeds and related input kW from 0% up to 100%. Five readings were taken. This data was not used in 
the evaluation because other trended data indicated that the pump speed did not significantly vary.  

The gathered data indicated the actual flow operation of the pumps and the actual OA temperature reset 
schedule for the HW supply temperature. Data was reduced to obtain a correlation curve for OA 
temperature reset of the HW supply temperature, and a curve of pump speed vs. OA temperature over 
time. Graphs of summarized data derived from the trended and measured data are presented in Appendix 
5.2.7. 

Verification 

The operation of the pump VSDs was observed in the field as well as from EMS data. The actual outdoor 
reset schedule of the HW supply temperature to OA temperature was not the same as the schedule 
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assumed for the TAS analysis. Reset schedule differences are shown in the Appendix.  EMS data 
indicated that the speed range of the pump was relatively limited, operating from approximately 82% to 
98% of full speed. No minimum speed was observed as might be expected for non-occupied hours when 
the AHUs are off. The two pumps operate lead/lag, typically changing every day.  

During the heating season (mid November through March) one of the two pumps operated continuously 
24/7. During the cooling season it appears that the operating pump cycles on during week days and 
Saturdays and cycles off Sundays and at night. When enabled, the pumps operate the same as during the 
winter. The reason for summer operation of the pump is not clear unless there is a need for reheat or it is 
desired to maintain a maintenance flow. It appears that the HW reset schedule is able to meet a large 
portion of changes in the building heating load without significant changes in the hot water supply 
volume. The data obtained indicates that the measure is operating, within a narrow speed range essentially 
as a constant speed pump at a reduced BHP similar to what would be expected from a constant speed 
pump with a three way valve.  

Analysis Method 

A one month data window during heating season with the broadest OA temperature range was selected 
for reduction. The correlated outside air temperature to hot water supply temperature reset schedule was 
input to the eQUEST model. The specific installed HW pump was not determined so the eQUEST model 
default HW pump parameters were used for the analysis. The VSD option was used in the model for the 
installed measure case with the minimum speed set to 80%. The pumps were scheduled to match the run 
times indicated from the EMS trends. For the base case the only change was to select the constant volume 
option (three-way valve) within the model. The difference between the base and installed model results 
constituted the measure savings. Table 19 is a summary of parameters that affect measure savings.  

Table 19: Key Evaluation and TA Bin Model/eQUEST Inputs for VSD on Hot Water Pumps 

Parameter  Definition  
TA Study  

Model  
eQUEST Evaluation  

Model  Source  

HW Pump % 
Speed 

Motor Speed TACO FE 2507 
pump curve 

VSD Speed range 80% to 100%. 
Auto select by model per 
required HW volume  

eQUEST 
model 

OAT/HWST Outside air temperature/Hot 
water supply temperature 

Estimated HW reset 
schedule 

Revised HW reset schedule per 
actual data 

EMS data 

kW Input kW to hot water 
pump 

TACO FE 2507 
pump curve 

Auto select from model default 
pump curve within designated 
speed range 

eQUEST 
model 

Minimum 
flow 

Reduced flow during non-
occupied hours 

Low flow bypass 
valve when no 
demand (1) 

100% of winter heating flow  EMS data 

Base case flow Method of volume control Three way valve Three way valve  
(1)The TAS analysis did not show any low flow condition 
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4.6.3. Evaluated Savings  
Table 20: ECM-6 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 9,059  875  10% 
Percent Energy On-peak 45% 54% 120% 
Summer Peak Diversified kW  0.95 0.2 18% 
Winter Peak Diversified kW  0.95 0.1 14% 

 

The principal reason that the evaluated savings was less than the tracking savings was that the pumps did 
not operate as assumed in the TAS analysis. The TAS assumed that the pumps would operate over a wide 
speed range. Trended data indicated that the pumps actually operated over a very narrow range, 
essentially at constant volume. Additionally, the actual pump operating hours were greater than the TAS 
assumptions. The observed OA temperature reset curve was different than the curve used in the TAS, 
which would influence the volume of required HW and in turn the pump power requirement. All of these 
factors served to significantly reduce the evaluated savings.  

4.7. ECM-7 Efficient DX Selection 

4.7.1. Tracking Estimate Approach 
Measure description 

The measure provided for higher Energy Efficiency Ratings (EER) of the air cooled DX condensing units 
(RTUs 1and 3) associated with AHUs 1and 3 respectively. For the proposed measure, the EER rating for 
AHU 1 was increased to 11.3. The EER rating for AHU 3 was increased to 10.9. The MBH size of AHU 
2 was sufficiently small to be exempt from an improved EER and was not included in the measure. 

The TAS base case DX condenser design parameters were taken from Table 1305.3.3a of 780 CMR 
which required that condensing units rated larger than 135 MBH needed to have a minimum full-load 
EER rating of 10.1. RTU 1 was rated at 360 MBH and assumed a base case EER of 10.0 AHU 3 was 
rated at 240 MBH and assumed a base case EER of 10.0.  

Analysis Method 

A temperature bin model was utilized for the analysis. For the proposed base case conditions the 
respective EER ratings of the air cooled condensing units was converted to kW/ton. Values for each DX 
unit for OA temperatures of 75°F and 90°F are indicated in the ECM 3 discussion on the enthalpy 
economizer tracking analysis estimate. The difference in the bin model results for the base case and 
proposed measure conditions constituted the measure savings.  
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4.7.2. Evaluation Approach 
Data gathered 

EMS Data: N/A 

Short term metering: N/A  

One time measurements (and other data sources): RTU DX units 1 and 3 nameplate EERs, unit design 
data, vendor technical data for specific model units. 

Nameplate data was taken from the equipment during a field visit. The condensing unit model and serial 
numbers were provided to the equipment vendor to obtain additional technical data and to verify the 
EERs used by the TAS. The vendor was able to only provide EER data. As a result some reliance on 
design data from the construction documents mechanical equipment schedules was required.  

Verification 

The installed DX condensing units’ EERs were verified from equipment nameplate and manufacturer’s 
product data specification sheets. Based on installed equipment EERs, the measure performance was 
verified. 

Analysis Method 

For the installed measure case, the cooling efficiencies (EER) of the two DX units were obtained from the 
vendor. For the base case condition, the code-based EERs taken from the TAS were utilized. The same 
EER parameters were used in the eQUEST model for both the base case and installed measure. The EERs 
were converted using the model to their corresponding Electric Input Ratio (EIR = 1/COP) value. The 
evaluated energy savings was derived from the difference in energy use estimated by the base case and 
installed measure conditions within the eQUEST model. Key measure parameters are summarized in 
Table 21. 

Table 21: Key Evaluation and TA Bin Model/eQUEST Inputs for Efficient DX Selection 

Parameter  Definition  
TA 

Study  
Model  

eQUEST Evaluation  
Model  

Source  

RTU–1 
EER 

DX condensing unit energy 
efficiency energy efficiency ratio 

11.3 
(EER) 

Installed 11.3 (EER), 
0.2501 (EIR) 
Base Case 10.1 (EER), 
0.2878 (EIR) 

Equipment 
nameplate/Vendor 

RTU–3 
EER 

DX condensing unit energy 
efficiency energy efficiency ratio  

10.9 
(EER) 

Installed 10.9 (EER), 
0.2608 (EIR) 
Base Case 10 (EER), 
0.2846 

Equipment 
nameplate/Vendor 
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4.7.3. Evaluated Savings  
Table 22: ECM-7 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 3,767  3,186  85% 
Percent Energy On-peak 70% 80% 115% 
Summer Peak Diversified kW  5.66 1.2 20% 
Winter Peak Diversified kW  0 0 100% 

 

The tracking bin model and the eQUEST model used the same EER data for the base case and installed 
measure conditions. The difference in savings estimates between the tracking and evaluation is due to a 
smaller estimated evaluation base case DX cooling load than estimated in the TAS, and the superior 
analytical capability of the eQUEST model by using hourly weather data in lieu of binned temperature 
data employed in the tracking analysis method.  

4.8. ECM-8 Efficient Motors 

4.8.1. Tracking Estimate Approach 
Measure description 

The measure utilized NEMA premium-efficient motors for six units that are greater than 1 HP and which 
operate more than 2000 hours per year. While not specifically stated, the six units include the three AHU 
supply and return fan motors. Where premium motors are used in AHUs, a slight decrease in fan heat 
results in decreased cooling load, but penalizes gas usage on the heating side. Energy savings was 
achieved from improved motor efficiency of the premium motors. 

Analysis Method 

The measure was analyzed within the AHU temperature bin model taking into account fan motor BHP 
derived from AHU CFM, static pressure and fan efficiency. The proposed measure assumed NEMA 
premium efficiency definitions. The TAS base case assumed that the all motors would meet EPACT 1992 
motor efficiency standards, NEMA MG1 Table 12-10. The measure savings was determined from the 
difference in motor efficiencies between the proposed and base case bin models.  

4.8.2. Evaluation Approach 
Data gathered 

EMS Data: AHUs 1 and 3 Supply Fan VSD (% Speed), AHU 2 Return Air Flow (CFM) - proxy for 
constant speed operation, AHUs 1 and 3 discharge static pressures. 

Short term metering: N/A 
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One time measurements (and other data sources): Obtained installed motor efficiency from nameplate and 
vendor data, generic motor speed vs. efficiency curves from NEMA motor efficient data, AHU design 
data. 

The percent speed data was gathered to determine the speed range for the variable air volume AHUs 1 
and 3. The resulting profiles gave an indication of the points on the motor efficiency/speed curve where 
the AHUs were operating.  The data indicated that AHU 1 operated in the 50% speed range for heating 
with a slight speed increase when cooling.  AHU 3 operated at approximately 70% speed when heating 
and up to 100% when cooling. Trending data of AHU 2 speed vs. OA temperature was not available. 
Return fan speed vs. time was used to obtain an estimate of average AHU fan speeds. Generally, motor 
efficiency remains relatively constant down to 40% to 50% of full motor speed so motor table efficiencies 
were not adversely affected. The nameplate data obtained was to compare with the NEMA nominal 
efficiency data. Charts of motor speed vs. OA temperatures are provided in Appendix 5.2.9.  

Verification 

The efficiency of the installed motors was verified by nameplate data where the motors were accessible. 
All nameplates indicated premium efficiency motors were installed.  

Analysis Method 

For the installed measure case AHU fan curves were requested but could not be obtained so the eQUEST 
model default fan curves were utilized. BHP for all of the fans was calculated using the design CFM and 
discharge static pressure. A typical average value of 80% for fan efficiency was assumed. The BHP 
values were converted to kW and input to the eQUEST model as kW/CFM for fan power. Standard and 
premium motor efficiencies were used for calculating the base case and installed measure kW/CFM 
values, respectively. The evaluated savings was the difference between eQUEST model outputs for the 
installed and base case measure conditions. Table 23 summarizes measure parameters that affect savings.  

Table 23: Key Evaluation and TA Bin Model/eQUEST Inputs for Efficient Motors 

Parameter  Definition  TA Study  
Model  

eQUEST Evaluation  
Model  Source  

AHU 1 SF % 
Speed 

Supply fan speed, to 
determine speed range 

Calculated within 
temperature bin model 

Auto select within model 
per air flow requirement 

eQUEST 
model 

AHU 3 SF % 
Speed 

Supply fan speed, to 
determine speed range 

Calculated within 
temperature bin model 

Auto select within model 
per air flow requirement 

eQUEST 
model 

AHU 2 SF 
Flow 

Return fan air flow (CFM), 
proxy for estimated average 
fan speed 

Calculated within 
temperature bin model 

Auto select within model 
per air flow requirement 

eQUEST 
model 

Efficiency Motor efficiency  NEMA Standard and 
Premium motor 
efficiency table 

NEMA Standard and 
Premium motor 
efficiencies 

Motor 
nameplates 

AHU 1 DAP Discharge static pressure Assumed fan curve Auto select eQUEST 
model 

AHU 3 DAP Discharge static pressure Assumed fan curve  Auto select  eQUEST 
model 

CFM AHU CFM Assumed  Auto select Design Data 
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Parameter  Definition  TA Study  
Model  

eQUEST Evaluation  
Model  Source  

BHP/kW Motor input kW Calculated from SP, 
motor and fan efficiency, 
CFM 

Calculated from SP, 
motor and fan efficiency, 
CFM 

Design data 

 

4.8.3. Evaluated Savings  
Table 24: ECM-8 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 2,671  1,056  40% 
Percent Energy On-peak 80% 76% 95% 
Summer Peak Diversified kW  0.93 0.2 19% 
Winter Peak Diversified kW  0.86 0.2 26% 

 

There was no difference in the motor efficiencies used in both the TAS and the eQUEST models. The 
TAS proposed fan speeds for AHU 1 were roughly equivalent to what was observed from trending data. 
For AHU 3, the TAS assumed fan speeds were approximately 20% less than trending data speeds. The 
TAS assumed continuous fan operation at reduced speeds during non-occupied hours while the evaluation 
analysis assumed that the fans are off during the same period based on trended data. This largely explains 
the difference in savings. The ability of the eQUEST model to determine air flows and resultant required 
fan power hourly in lieu of fan power derived from 5°F temperature bins provides a refined result.   

4.9. ECM-9 Efficient Lighting Design 

4.9.1. Tracking Estimate Approach 
Measure description 

This measure provided for a reduced lighting power density (LPD) from the baseline design. Based on the 
90% construction drawings, the measure LPD was estimated at 0.97 W/ft2. Fixture run time during 
occupied hours assumed a 95% on time diversity factor. For non-occupied periods fixtures were assumed 
to be off. The nominal lighting run time schedule was derived from the building operation schedule which 
has been outlined in Section 2. 

The TAS base case lighting design was taken from Table 1308.6.2.1 of 780 CMR. This table requires 
schools to have an average lighting power density of 1.5 W/ft2 or less. The initial lighting design which 
constituted the base case LPD was reviewed by a third party consultant and determined to be 1.36 W/ft2.  

Analysis Method 

The measure was analyzed within the AHU temperature bin models to account for internal gains from 
lighting. Lighting run time profiles were derived from the building operation schedule information 
provided by the building owner. The measure savings were derived from the difference in lighting kW 
times the lighting run time profile plus the interactive effect due to cooling savings. 
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4.9.2. Evaluation Approach 
Data gathered 

EMS Data: N/A 

Short term metering: Data logger: Light loggers (% on time), temperature loggers (proxy for occupancy 
control), and controlled fixture lighting circuit amps. Logged fixtures and circuits are distributed 
throughout the building.  

One time measurements (and other data sources): Field checked construction drawings for accuracy with 
actual installed fixtures. The lighting power density was determined from the fixture schedule and 
lighting layout for each defined model HVAC zone.  

The light logger data indicated that the average fixture on time was significantly less than what was 
assumed in the TAS. While the data is not 100 percent conclusive, given the need to average over a wide 
variance of room use, it appears that manual switch control of the lights has significantly reduced the 
average lighting run times. This is somewhat logical in that the school facilities manager indicated that 
the energy awareness program for the building was being taken seriously by the building occupants. The 
data indicated an average on time diversity factor of approximately 70% during academic week days and 
academic Saturdays with considerably less on-time during unoccupied periods. The lighting power 
densities were taken from the drawings by specific eQUEST model zone. The lighting takeoff indicated 
an overall installed LPD of 1.11 W/ft2. The LPD for normally occupied (student) areas in the building is 
1.26 W/ft2, which has been skewed because of the relatively large area and low LPD in the 
mechanical/electrical rooms. Average fixture on-time profiles and the lighting power densities by zones 
are located in Appendix 5.2.10.  

Verification 

The installed lighting power density values were verified by comparing installed fixtures with the 
construction drawings. Lighting percent on-time profile factors were generated with lighting logger data. 
The installed lighting power density verified performance of the measure. 

Analysis Method 

For the evaluation model of the installed measure, the installed lighting power density was input by zone 
into the eQUEST model.  The base case assumed the design lighting power density of 1.36 watts/ft2 and 
the same scheduled lighting power diversity as for the installed measure case. The measure energy 
savings was the difference in the eQUEST model output for the base case and installed measure 
conditions. Key parameters that affect measure savings is summarized in Table 25.  

Table 25: Key Evaluation and TA Bin Model/eQUEST Inputs for Efficient Lighting Design 

Parameter  Definition  TA Study  
Model  

eQUEST Evaluation  
Model  Source  

Light % on time Profile of nominal fixture 
run time  

Estimated 
fixture run time 
schedule from 
owner 

Lighting factor correction from 
logger profile of nominal fixture 
run time schedule 

TAS/Light 
logger data 
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Parameter  Definition  TA Study  
Model  

eQUEST Evaluation  
Model  Source  

Installed LPD Average lighting power 
density in watts/ft2 

0.97 Overall average 1.11(1) 
Occupied areas: 1.26 (2) 

Construction 
drawings 

Lighting on time 
diversity factor 

 Average time that lights 
are switched on during 
normal occupancy hours.  

95% Scheduled diversity profile less 
occupancy sensor effect (3) 

TAS/light 
logger data 

Base LPD Average base lighting 
power in watts/ft2 

1.36 1.36 TAS 

(1) Overall LPD, input to model by zone.  
(2) LPD excludes mechanical/electrical areas that have low wattage and large areas that are typically unoccupied.  
(3) Scheduled diversity profile is derived from logger data and represents % time that fixtures are on due to manual switch and occupancy 

control during normal occupied hours. Temperature data was used to estimate the division between manual switching and occupancy sensor 
effects.   

4.9.3. Evaluated Savings  
Table 26: ECM-9 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 40,698 18,083 44% 
Percent Energy On-peak 79% 71% 90% 
Summer Peak Diversified kW  16.47 2.4 14% 
Winter Peak Diversified kW  5.42 1.7 31% 

 

The primary reason for the difference in savings is due to a reduction in the on-time lighting diversity 
factor that resulted in a reduced fixture run time. Reduced lighting fixture on time has resulted from an 
effective energy awareness program that has encouraged manual switching of lights. In addition the 
installed LPD appears to be higher than the value used in the TAS which resulted in a smaller decrease in 
LPD from the base case. The LPD was taken from the final construction drawings provided by the 
building architect. The LPD used by the TAS analysis was derived by a third party consultant hired by the 
utility and was based on 90% design documents. The LPD and LDF vary across the various eQUEST 
model zones so it is not practical to assess the contribution of each parameter to the overall savings on an 
average basis. Reduced run time and higher installed lighting power density for the evaluation analysis 
compared to the TAS analysis resulted in a smaller savings.  

4.10. ECM-10 Occupancy-based Lighting Controls 

4.10.1. Tracking Estimate Approach 
Measure description 

The measure involved the installation of 33 occupancy sensors installed in rooms served by AHUs 1 and 
2 to turn off lighting during normally occupied hours when the rooms were sensed to be unoccupied for 
longer than 10 minutes. It was assumed that the occupancy sensors would result in a lighting diversity on 
factor of 90%. The TA base case lighting control design assumed that lighting fixtures in all building 



MA CDA Impact Evaluation National Grid Project 522351 

38  SBW Consulting, Inc.  

areas would be controlled by manually operated switches. For the base case, lighting was assumed to be 
on during all occupied hours with lighting-on diversity factor of 95%. Energy savings resulted from fewer 
fixture operating hours due to the estimated effect of the occupancy sensors. 

Analysis Method 

The measure analysis was conducted within the temperature bin model to account for the interaction of 
lighting heat on the heating and cooling systems. The diversity factors were applied to the proposed and 
base case lighting wattages in the bin models, and the difference between the model results was the 
estimated savings for the measure. 

4.10.2. Evaluation Approach 
Data gathered 

EMS Data: N/A 

Short term metering: Light loggers in rooms with occupancy sensor control, temperature loggers (proxy 
for occupancy control), and amp loggers on lighting circuits supplying occupancy controlled fixtures. 

One time measurements (and other data sources): Exercised controls to verify measure operation.  

The logger data was reduced to estimate the average on-time of fixtures in the classrooms and auditorium. 
On-times were further broken down for the normally occupied periods including academic weekday and 
academic Saturday. The data revealed that the average fixture on-time during these normal occupancy 
periods ranged up to approximately 70%. The corollary off-time was 30%, which was due to manual 
switch and occupancy sensor control. The lighting off-time related to occupancy sensor control was 
determined from room temperature logger data set reduced to temperature profiles. These profiles 
indicated the time temperatures were set back and served as the proxy for the time lights were off from 
occupancy sensor control. Lighting-on profiles related to manual switching and occupancy sensor 
controls for the classrooms and auditorium are located in Appendix 5.2.11. The same Appendix also 
contains room temperature profiles and a summary of the data that estimates the lighting-off time due to 
use of occupancy sensors. 

Verification 

The installed occupancy sensor operation in the selected rooms and areas was verified with lighting 
logger and temperature setback data and site observations. Reductions in fixture run times due to 
occupancy control were noted from the data, and the extent of control was noted by walking the rooms 
under control. . The logger data for selected rooms served as a proxy for estimating the occupancy sensor 
off time and it was judged that all areas under occupancy control were functional. Accordingly, the 
measure was judged to be operational. 

Analysis Method 

For the installed case the lighting run time schedule was adjusted to account for the reduction of logged 
run time from occupancy sensors in the eQUEST model.  The measure energy savings was the difference 
in the eQUEST model output for the base case and the installed measure conditions. Table 27 
summarized measure parameters that affect savings. 
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Table 27: Key Evaluation and TA Bin Model/eQUEST Inputs for Occupancy-based Lighting 
Controls 

Parameter  Definition  
TA 

Study 
Model  

eQUEST Evaluation  
Model  

Source  

Occupancy sensor 
fixture off-time 

Reduction of fixture run time due to 
occupancy sensor control of fixtures 
in room 

5% Scheduled(2) Logger 
data 

LPD Non-efficient fixture lighting power 
density 

0.97 (1) LPD by model zone base case  Drawing 
take off 

LDF  Lighting Diversity Factor applied to 
the nominal lighting schedule  

95% Scheduled diversity profile 
including occupancy sensor 

effect (3) 

Logger 
data 

(1) Used a LPD for the eQUEST base case model of 0.91 in lieu of the 0.97 LPD from the TAS so as to account only for the measure savings 
from the occupancy controls. 

(2) Estimated from reduced data using room temperature setback as the proxy.  
(3) Scheduled diversity profile is derived from logger data and represents% time that fixtures are on due to manual switch and occupancy control 

during normal occupied hours. Temperature data was used to estimate the division between manual switching and occupancy sensor effects 

4.10.3. Evaluated Savings  
Table 28: ECM-10 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 5,495  4,749  86% 
Percent Energy On-peak 81% 72% 89% 
Summer Peak Diversified kW  2.07 0.02 1% 
Winter Peak Diversified kW  1.00 0.00 0% 

 

This measure was installed as proposed and was observed to operate as expected. The difference between 
the tracking estimate and evaluated savings is primarily due to the difference in the time that room lights 
are off during normal occupied hours from occupancy sensor operation. Although the installed LPD was 
higher than expected and increased savings potential for this measure, that savings increase was offset by 
a lower than expected baseline LDF. Through on-site visits and discussions with the facility staff, the 
evaluation found that the building occupants were diligent about manually switching off the lights, 
reducing the average LDF.  While this diligent manual control still saves energy, it also reduced the 
impact of the installation of occupancy sensors.  

4.11. ECM-11 Daylighting Controls 

4.11.1. Tracking Estimate Approach 
Measure description 

This measure included the installation of sensors, automatic controls, and dimming ballasts on selected 
lighting fixtures in labs/classrooms, student project, the physics lab, and the auditorium that reduced the 
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need for artificial lighting when natural ambient light was sufficient to meet space requirements during 
normal occupancy hours. The measure assumed that classroom daylight fixtures were located within 15 
feet of perimeter walls, that the outer two rows of fixtures in the physic lab were daylight controlled, and 
that all overhead lighting in the auditorium was daylight controlled. The daylight controls were expected 
to reduce wattage of controlled fixtures by 30%. This reduction was translated to reduce the lighting 
power demand by an average of 7.5% for the classrooms and physics lab, and 12% for the auditorium, 
which were applied against the baseline lighting schedule. The TA base case assumed no day light control 
other than manual switches which could be employed to reduce artificial lighting. A lighting diversity 
factor of 95% was applied to the lighting power density to account for this switching. Energy savings 
were obtained from lighting power demand and lighting internal gain reductions. A small gas penalty 
resulted from increased winter reheat due to reduced lighting gain. 

Analysis Method 

The measure analysis was conducted within the AHU temperature bin models to account for the 
interaction of lighting heat load on the respective AHUs and applied to fixture operation during normal 
occupied hours. For the proposed measure the lighting power density of 0.97 watts/ft2 was corrected for 
the 95% diversity factor. It was assumed that on average 93% of the corrected lighting power density was 
energized in AHU 1 zone, and 88% in AHU 2 zone was energized and operated on the nominal baseline 
schedule. The base case assumed no daylight control and the same diversity corrected lighting power 
density as for the proposed measure.  

4.11.2. Evaluation Approach 
Data gathered 

EMS Data: N/A  

Short term metering: Light loggers on the daylight sensor controlled fixtures and amp logger on the 
daylight dimming controlled lighting circuits. 

One time measurements (and other data sources): Observed operation of daylight-controlled light fixtures. 
Controls were exercised to verify measure operation and locations of fixtures under daylight control were 
confirmed. It was noted that some windows had shades which had the ability to reduce ambient light in 
the day lighted spaces. In discussion with a few of the school staff members, shades on a portion of the 
windows were typically drawn for short periods during audio visual presentations (film and slide shows). 

Light and amp logger data from daylight controlled fixtures in Room 213, the Chemistry Lab, the Earth 
Science lab, and the Auditorium was all that was available to confirm the daylighting effect. No data was 
available for the upper atrium. The data has been summarized and is located in Appendix 5.2.12. The 
chart shows that during occupied hours a reduction of circuit amps by approximately 50% to daylighted 
fixtures takes place which implies dimming was occurring. The percent of dimming estimated from 
logged data includes the effect of window shades. Additionally, the graphed data profiles indicate periods 
when the daylight-controlled fixtures are off. This likely indicated that the room was not occupied and all 
lights had been switched off either by occupancy sensors or manual switching.  
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Verification 

The installed daylighting control was verified from lighting and lighting circuit amp logger data and site 
observations. The drawings indicated in addition to the daylighted areas proposed in the TAS, that the 
upper atrium area also employed daylight controls. The drawings did not show a daylight sensor for the 
student lounge on the upper level. Based on this data and observations the measure in general was judged 
to perform a daylighting function. No disabling of daylighting sensors by taping was observed during the 
site visit, but this effect cannot be ruled out over time.  

Analysis Method 

The eQUEST model sub-routine for daylighting was utilized to evaluate the measure. For the installed 
measure, the percent of fixture lighting power density subject to daylighting control was input to the 
default daylight sub-routine in the model. The window obstruction factor was assumed to be 1, meaning 
no window shading, as the minimum daylight power fraction derived from logged data accounted for 
shading. For the base case the daylighting algorithm in the model was disabled. The difference in model 
output between the two conditions provided a measure savings value.  Key parameters affecting measure 
savings are summarized in Table 29.  

Table 29: Key Evaluation and TA Bin Model/eQUEST Inputs for Daylighting Controls 

Parameter  Definition  
TA Study  

Model  
eQUEST Evaluation  

Model  
Source  

Daylight LPD Percent % LPD and LPD of 
fixtures under daylight 
control.  

AHU 1 – (93%), 
0.0728 watts/ft2 
AHU 2 – (88%), 
0.1164 watts/ft2 

AHU 1 – Lower 48%, 
Upper 37%, 0.57 watts/ft2 

AHU 2 – 92%, 2.52 
watts/ft2 

AHU 3 – 24%, 0.14 
watts/ft2 

Building 
drawings 

Dimming range Minimum level of dimming 
permitted by on daylit 
fixtures 

Not indicated, 30% 
wattage reduction 

specified 

50%  eQUEST 

Lighting 
diversity factor 

Reduction in nominal LPD 
due to manual switching 

95% Scheduled % diversity 
less occupancy control 

effect 

Logger data 

 

4.11.3. Evaluated Savings  
Table 30: ECM-11 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 8,031  11,388  142% 
Percent Energy On-peak 81% 79% 97% 
Summer Peak Diversified kW  1.39 1.2 87% 
Winter Peak Diversified kW  0.00 0 n/a 
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This measure was installed as proposed and was observed to operate as expected.  The difference in the 
evaluated savings with the tracking estimate is primarily due to use of actual installed daylighting wattage 
by AHU zone, and use of TMY3 weather file solar data (percent cloud cover) that represents the level of 
ambient light available on an hourly basis. In addition, daylighting controls were also found to be 
installed in the atrium and in the student work area on the first floor off the corridor, which increased the 
total fixture wattage subject to day lighting.  

4.12. ECM-12 Automatic Bi-level Hallway Lighting 

4.12.1. Tracking Estimate Approach 
Measure description 

The proposed measure included the installation of occupancy sensors and controls in corridors and 
stairwells to turn off 50% of the lighting when the spaces were unoccupied during normal building 
occupancy hours. The 2.1 kW of connected lighting load affected by this measure was assumed to operate 
the equivalent of 20% fewer hours compared to the base case. During normally non-occupied hours all 
corridor and stairwell fixtures was assumed to be 100% off. The TA base case lighting design assumed 
that during normal occupancy hours, fixtures in corridors and stairwells remained at 100% illumination, 
even if the spaces were not occupied. During normal non-occupied hours the base case assumed that 10% 
of the corridor lighting fixtures would be energized. During this same period, the stair tower fixtures 
would maintain 100% illumination. The nominal lighting run time schedule was applied to both the base 
case and bi-level control measure conditions. Energy savings resulted from reduced lighting load as well 
as lower internal lighting heat gains for AHU 3. A small gas penalty would be incurred from increased 
winter reheat. 

Analysis Method 

The measure analysis was conducted within the AHU 3 temperature bin model to account for the 
interaction of lighting heat load with the AHU. Lighting energy for the measure was calculated as the 
product of the reduced fixture wattage due to the bi-level control and nominal fixture run time. The base 
case assumed no bi–level control and nominal fixture run time. The difference between the results of the 
two bin models was the estimated savings for the measure.  

4.12.2. Evaluation Approach 
Data gathered 

EMS Data: N/A 

Short term metering: Light loggers on the bi-level controlled fixtures and amp logger on the bi-level 
controlled lighting circuits. 

One time measurements (and other data sources): Verified LPD of bi-level controlled light fixtures. 
Exercised controls to verify measure operation. 

Light logger and fixture circuit amp logger data was gathered from four areas of the corridors and 
stairwell, including the connecting bridge to the adjacent building. From the data set, the average fixture 
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on-time estimated during occupancy hours was reduced by 50% on a schedule basis since only 50% of the 
corridor and stairwell fixtures were affected by the occupied bi-level control. Additionally, the lighting 
power densities were derived from drawings of the corridors and the stairwell. . The data has been 
summarized and is located in Appendix 5.2.13. 

Verification 

The installed bi-level control was verified from lighting and amp logger data and site observations. The 
reduced data set indicated that circuits feeding the fixtures were being de-energized during normal hours 
of occupancy, which constituted verification of proper measure operation. It was noted that 10 fixtures 
remained illuminated during non-occupied hours, which are assumed to serve as emergency egress 
lighting as well.  

Analysis Method 

Within the eQUEST model, the installed case bi-level off-time was scheduled based on logged data. The 
base case lighting on-time was assumed to be 100% during occupied hours. Ten percent of the corridor 
fixtures and twenty five percent of the stairwell fixtures (10 fixtures or approximately 0.6 kW) were 
assumed to be operational during non-occupied hours for both the base and installed measure cases. The 
measure energy savings was the difference in the eQUEST model output for the base case and the 
installed measure conditions. Table 31 summarizes measure parameters that affect savings.  
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Table 31: Key Evaluation and TA Bin Model/eQUEST Inputs for Automatic Bi-level Hallway 
Lighting   

Parameter  Definition  
TA Study  

Model  
eQUEST Evaluation  

Model  
Source  

Bi-level 
watts/LPD 

Lighting power and density of 
fixtures in corridors and 
stairwell.  

1,716 watts 50% of 2,937 connected 
fixture watts (non-efficient 
LPD) 

Logger data, field 
observations 

Base case 
Connected 
watts/LPD 

Nominal lighting power 
density  

2,145 watts 100% of connected fixture 
watts (non-efficient LPD) 

Building drawings 

Non-occupied 
fixture LPD 

Connected wattage of fixtures 
during non-occupied periods 

100% off 25% of base case LPD on 
(10 fixtures or 0.6 kW)  

field observations 

Bi-level fixture 
run time 

Time that corridor and 
stairwell fixtures are on 
during occupied hours 

Same as base 
case run time 

Schedule of % on time 
applied to each zone LPD 

Lighting and amp 
logger data 

 

4.12.3. Evaluated Savings  
Table 32: ECM-12 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 9,096  3,414 38% 
Percent Energy On-peak 40% 73% 182% 
Summer Peak Diversified kW  0.60 0.4 68% 
Winter Peak Diversified kW  1.03 0.5 46% 

 

The primary reason for the difference in savings between the tracking and evaluation estimates is due to 
the difference of bi-level controlled fixture off-time between the TAS projected estimate and the fixture 
off-time estimated from assessment of the logger data from the installed fixture operation. It should be 
noted that the tracking estimate appears to be significantly overstated. The TAS savings exceeds what 
would be achievable if the reduction in LPD occurred 8760 hours per year.  
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5. APPENDICES 
5.1. EMS and Short-Term Monitoring Details 
 



MA CDA Impact Evaluation National Grid Project 522351 

46  SBW Consulting, Inc.  

Table 33: Monitored Points  
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2,5,6 OA Dry Bulb Temperature, °F n/a n/a n/a 10 min  Intermittent EMS  OA-T 

2 OA Relative Humidity, % n/a n/a n/a 10 min  Intermittent EMS  OA-H 

2 OA Enthalpy (Btu/lb) n/a n/a n/a 10 min >1 yr EMS  OA Enthalpy 

2 AHU 2 RA CO2 ppm n/a n/a n/a 10-20 min  >1 yr EMS (AHU2).RA-CO2 

2 AHU 2 Cooling Command n/a n/a n/a 10-20 min  >1 yr EMS (AHU2).CLG-C 

2,3 AHUs 1-3 OA Damper Position  n/a n/a n/a 10-20 min  >1 yr EMS (AHU[1,2]).OAD-
O 

2,3,8 AHUs 1-3 RA Flow Rate n/a n/a n/a 10-20 min  >1 yr EMS (AHU[2,3]).RA-F 

2,3 AHUs 1-3 RA Enthalpy BTU/lb n/a n/a n/a 10-20 min >1 yr  EMS (AHU[1-3]).RA-
Enthalpy 

2,3 AHUs 1-3 OA Flow CFM n/a n/a n/a 10-20 min >1 yr  EMS (AHU[3].OA-F 

3 OA Dry Bulb Temperature, °F Onset Hobo U12-011 Temp/RH Logger Magnetic  15 min   2-5 mos Evaluator  

3 OA Relative Humidity, % Onset Hobo U12-011 Temp/RH Logger Magnetic  15 min   2-5 mos Evaluator  

3 AHUs 1-3 RA Tdb n/a n/a n/a 10-20 min  >1 yr EMS (AHU[1-3]).RA-T 

3 AHUs 1-3 RA RH n/a n/a n/a 10-20 min  >1 yr EMS (AHU[1-3]).RA-H 

3 AHUs 1-3 DATdb n/a n/a n/a 10-20 min >1 yr  EMS (AHU[1-3]).DA-T 

3,5,8 AHUs 1,3 SF Operation % n/a n/a n/a 10-20 min >1 yr  EMS (AHU[1,3].SF-O 

3 AHU 3 RF Operation % n/a n/a n/a 10-20 min >1 yr  EMS (AHU[3].RF-O 

4 Temp Room 110 Zone temp, HTG/CLG SP n/a n/a n/a 10-20 min  intermittent EMS   

4 Temp Room 101 Zone temp n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 102 Zone temp, HTG/CLG SP n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 103 Zone temp, HTG/CLG SP n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 120 Zone temp, HTG/CLG SP n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 104 Zone temp, HTG/CLG SP n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 107 Zone temp, HTG/CLG SP n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 212 Zone temp, HTG/CLG SP n/a n/a n/a 10-20 min  Intermittent EMS   
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4 Temp Room 111 Zone temp n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 121 Zone temp n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 105 Zone temp, HTG/CLG SP n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 211 Zone temp n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 202 Zone temp n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 203 Zone temp n/a n/a n/a 10-20 min  Intermittent EMS   

4 Temp Room 208 Zone temp n/a n/a n/a 10-20 min  intermittent EMS   

4 Temp/RH Room: 101 Temperature; RH Onset Hobo U12-011 Temp/RH Logger Magnetic  15 min   2-5 mos Evaluator   

4 Temp/RH Room: 102 Temperature; RH Onset Hobo U12-011 Temp/RH Logger Magnetic  15 min    2-5 mos Evaluator   

4 Temp/RH Room: 103 Temperature; RH Onset Hobo U12-011 Temp/RH Logger Magnetic  15 min    2-5 mos Evaluator   

4 Temp/RH Room: 111 Temperature; RH Onset Hobo U12-011 Temp/RH Logger Magnetic  15 min    2-5 mos Evaluator   

4 Temp/RH Room: 201 Temperature; RH Onset Hobo U12-011 Temp/RH Logger Magnetic  15 min    2-5 mos Evaluator   

4 Temp/RH Room: 206 Temperature; RH Onset Hobo U12-011 Temp/RH Logger Magnetic  15 min    2-5 mos Evaluator   

4 Temp/RH Room: 208 Temperature; RH Onset Hobo U12-011 Temp/RH Logger Magnetic  15 min    2-5 mos Evaluator   

4 Temp/RH Room: 202 Temperature; RH Onset Hobo U12-011 Temp/RH Logger Magnetic  15 min    2-5 mos Evaluator   

5  AHU 3 Window Damper 
Command 

n/a n/a n/a 10 min Intermittent EMS  AHU 3.WIN-C 

 5 AHU 3 Atrium EF Status n/a n/a n/a 10 min  Intermittent EMS  AHU 3.RF1-S 
(CUPOLA FAN) 

 6 HW Pump 1 HW Pump Speed % n/a n/a n/a 10 min Intermittent  EMS   

6  HW Pump 2 HW Pump Speed % n/a n/a n/a 10 min Intermittent EMS   

6  HW  Supply Temperature n/a n/a n/a 10 min  Intermittent EMS   

6  HW Return Temperature n/a n/a n/a No trend, data 
only 

  EMS   

8 AHUs 1,3 Discharge Static Pressures n/a n/a n/a 10 min >1 yr EMS AHU1/3.DA-P 

9 Lights Room: S1 TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic  COS/15 min  5 mos Evaluator   

9 Lights Room: 101 TOU/ % time on  Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min 5 mos  Evaluator   
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9 Lights Room: 102  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 102  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 103  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 117  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 114  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 103  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 111  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 104  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 105  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 205  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 201  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 211  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 202  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 206  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 207  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 208  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   
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9 Lights Room: 200  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 202  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Flr: 2 Corridor to old bldg  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Flr: 2 Corridor to old bldg  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

9 Lights Room: 300  TOU/ % time on Dent LightingLogger Logging 
Transducer 

Magnetic   COS/15 min  5 mos Evaluator   

10,11,12 Lighting panel - ckt 19 Room: 
103 

 Amps  PocketLogger CT  Clamp-on 15 min   5 mos Evaluator   

10,11,12 Lighting panel - ckt 33 Room: 
201 

 Amps  PocketLogger CT  Clamp-on 15 min    5 mos Evaluator   

10,11,12 Lighting panel - ckt 21 Room: 
106 

 Amps  PocketLogger CT  Clamp-on  15 min   5 mos Evaluator   

10,11,12 Lighting panel - ckt 9 Room: 103  Amps  PocketLogger CT  Clamp-on  15 min   5 mos Evaluator   

10,11,12 Lighting panel - ckt 29 Room: 
108 

 Amps  PocketLogger CT  Clamp-on  15 min   5 mos Evaluator   

10,11,12 Lighting panel - ckt 17 Room: 
105 

 Amps  PocketLogger CT  Clamp-on  15 min   5 mos Evaluator   

10,11,12 Lighting panel - ckt 8 Room: 205  Amps  PocketLogger CT  Clamp-on  15 min   5 mos Evaluator   

10,11,12 Lighting panel - ckt 4 Room: 203  Amps  PocketLogger CT  Clamp-on  15 min   5 mos Evaluator   

10,11,12 Lighting panel - ckt 12 Room: 
201 

 Amps  PocketLogger CT  Clamp-on  15 min   5 mos Evaluator   

10,11,12 Lighting panel - ckt 20 Room: 
204 

 Amps  PocketLogger CT  Clamp-on  15 min  5 mos  Evaluator   

General  Rm 117 PUH Temperature, °F n/a n/a n/a Snapshot   EMS   

 General Rm 300 PUH Temperature, °F n/a n/a n/a Snapshot   EMS   

 General AHU 1 EF VFD % speed n/a n/a n/a Snapshot   EMS   

 General AHU 1 EA Flow CFM n/a n/a n/a Snapshot   EMS   
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 General AHU 1 EA Temperature n/a n/a n/a Snapshot   EMS   

 General AHU 1 EA Heat Wheel Bypass % n/a n/a n/a Snapshot   EMS   

 General AHU 1 OA Heat Wheel Bypass % n/a n/a n/a Snapshot   EMS   

 General AHU 1 MAT  n/a n/a n/a Snapshot   EMS   

 General AHU 2 MAT  n/a n/a n/a Snapshot   EMS   

 General AHU 3 MAT  n/a n/a n/a Snapshot   EMS   
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5.2. Data Summaries by Measure 
5.2.1. ECM-A Improved Envelope Insulation 

No data 

5.2.2. ECM-1 Improved Glazing Selection 

No data 
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5.2.3. ECM-2 AHU 2 Demand-controlled Ventilation 
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The three charts above display one-week snapshots of outside air flow and damper position and return air 
CO2 levels.  With the exception of the surge when the air handler shuts off for the day, the CO2 levels 
remain below the set point.  However, for the measure to be functioning properly, the OA damper 
positions should be dropping below the minimum setting of 25% during occupied hours. 
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5.2.4. ECM-3 AHU’s 1, 2, 3 Enthalpy Economizer 
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In the nine charts above, outside air flow (OA-F) and damper position (OAD-O), cooling command 
(CLG-C) and difference between return air and outside air enthalpy (RAH-OAH) are shown.  One can 
observe that the enthalpy economizer is operating properly by noting that the OA damper increases from 
minimum (50% AHU 1, 25% AHU 2 and 10% AHU 3) when there is a simultaneous call for cooling and 
return air enthalpy is greater than outside air enthalpy, i.e., RAH-OAH > 0.  
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5.2.5. ECM-4 Occupancy-based Temperature Setback 
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The two charts above and the first one below exhibit room temperature data coinciding with light %time-
on data (as a proxy for room occupancy).  The first chart is a week in November in the Biology lab while 
the second is a day from that week.  In these two charts one can observe that the room temperature 
decreased when the room  became unoccupied indicating that the heating temperature set point was set 
back.  The first chart below is displays the only two days in the only room that had corresponding 
occupancy and call for cooling during the logging period.  Unfortunately, examination of these two days 
reveals that the data is at best inconclusive, at worst contradictory.  The first day seems to indicate that the 
cooling temperature set point was set up when the room became unoccupied since the room temperature 
increased;  however, on the second day, the room temperature appeared to be modulating to stay below 
the cooling temperature occupied set point when the room was unoccupied. 
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The chart above shows hourly average logged temperatures across all monitored rooms for each day type 
and the corresponding heating set point schedule used in the model.  The temperature schedule tracks the 
lighting schedule for the instruction zone. 
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5.2.6. ECM-5 Cupola Ventilation 
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The chart above shows the one-to-one correlation of cupola fan status to window command, i.e. confirms 
that windows open when cupola fan is on and close when the fan is off as well as the correlation of cupola 
fan status to AHU 3 supply fan status, i.e. that the supply fan is off when the cupola fan is on and vice 
versa. 
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Data for this chart was developed by extracting from 10 minute interval EMS trend data the Cupola Fan 
Status during normally occupied hours (when the air handler is scheduled to be in operation) and 
corresponding outside air temperatures during three 6 week periods in mid-Spring, mid-Summer and early 
Fall. The temperatures were rounded to whole numbers and the percent of fan on time (where status 
0=Off, 1=On) was calculated for each temperature. The weighted average of percent time on across all 
temperatures in identified operation range of 65°F to 82°F was 24% as opposed to the expected 100% 
time on. An examination of outside air enthalpy during the temperature range and times the Cupola fan 
was anticipated to be on but was not revealed that perhaps there is a small band of temperatures and 
enthalpies that the fan operation is restricted to, but that control algorithm was not available from facility 
or HVAC control personnel. This measure was modeled externally in the hourly simulation results by 
reducing air handler and cooling energy with the percent of time the Cupola fan was on according to the 
results above, i.e., New Energy = Old Energy * (1 - %Time Cupola Fan On) + Cupola Fan Energy * 
%Time Cupola Fan On, as a function of outside air temperature.  
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5.2.7. ECM-6 VSD on Hot Water Pumps 
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Hot water reset schedule determined from trend established with EMS data. 
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The chart above shows the range of speeds the hot water pumps operated by outside air temperature.  One 
can observe that the pumps never ran below about 80% speed. 
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5.2.8. ECM-7 Efficient DX Selection 

No data 
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5.2.9. ECM-8 Efficient Motors 
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The two charts above show the actual operation speeds of the fans on AHUs 1 and 3 that affect the energy 
use of the associated drive motors. AHU 2 is a constant volume system and no fan speed trend data were 
available. 
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5.2.10. ECM-9 Efficient Lighting Design 

 Area (Sq Ft) 
Installed 

Power (W) 
Installed 

LPD 

Instruction 12231 15892 1.30 
Lecture 2850 7788 2.73 
Corridor 8495 7514 0.89 
Penthouse 4991 1168 0.23 
Restrooms 606 481 0.79 
Vestibule 190 292 1.54 
Stairwell 593 350 0.59 
All normally occupied areas 29956 33485 1.12 
Mechanical/Electrical 5653 1632 0.29 
IT 163 180 1.11 
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5.2.11. ECM-10 Occupancy-based Lighting Controls 
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The first chart above shows hourly average logged % time-on across all monitored instruction zone rooms 
by day type and zone.  The second chart above displays how the hourly averaged lighting profiles were 
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incorporated into the model as lighting schedules for academic weekdays, acting as lighting diversity 
factors.  The “Adjusted” lines represent the base case schedules as they were adjusted to remove the effect 
of the occupancy sensors.  Schedules were developed in a similar fashion for the other three day types. 
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5.2.12. ECM-11 Daylighting Controls 
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The chart above and two below show amp, light %time-on and %cloud cover data for one-week periods 
in three different rooms.  The amps were logged on a fixture in the room with a coinciding light logger.  
One can observe a reduction in amps when the room was still occupied.  The less cloud cover, the greater 
decrease in amps, thereby indicating that the fixtures dimmed when ample daylight was available to 
sufficiently illuminate the rooms. 



MA CDA Impact Evaluation National Grid Project 522351 

72  SBW Consulting, Inc.  

0.0%

12.5%

25.0%

37.5%

50.0%

62.5%

75.0%

87.5%

100.0%

112.5%

0

2

4

6

8

10

12

14

16

18

%
Ti

m
e 

O
n,

 %
Cl

ou
d 

Co
ve

r

A
m

ps
Chemistry Lab (SE) Daylighting: Amp and Light Logger Data

Amps %Time On %Cloud Cover
 

0.0%

12.5%

25.0%

37.5%

50.0%

62.5%

75.0%

87.5%

100.0%

112.5%

0

1

2

3

4

5

6

7

8

9

%
Cl

ou
d 

Co
ve

r

A
m

ps

Auditorium (W) Daylighting: Amp Data

Amps %Cloud Cover
 



MA CDA Impact Evaluation     

SBW Consulting, Inc. 73 

Zone Floor %Daylighting 
AHU 1 Lower 48% 
AHU 1 Upper 37% 
AHU 2 Upper 92% 
AHU 3 Upper 24% 

 

5.2.13. ECM-12 Automatic Bi-level Hallway Lighting 
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The chart above and first three below display amp and light logger data taken in various parts of the 
corridors.  The amps were logged on the line of the fixture being controlled by bi-level switching causing 
the logged amps to approach zero when bi-level switching switched 50% of the fixture off.  Observation 
of the logged amp and corresponding light %time-on data confirms that the fixture is still on but at 
reduced wattage. 
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The chart above shows the average hourly logged %time-on across all monitored corridor areas and how 
that data was scheduled in the model.   The dashed lines were applied in the installed measure model 
whereas the solid lines were applied in the base case.  The increase in %time-on for the base case 
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schedules were derived by increasing the %time-on by 50% to indicate that only 50% of the fixture was 
switched off, then further increasing by 68% to account for the corridor fixtures not controlled by bi-level 
switching.
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5.3. Model Outputs by Measure 
5.3.1. Baseline 

Table 34: Baseline4

NGrid05 Site 522351                                                                                                                                                                                                      DOE-2.2-47h2   3/02/2011    10:59:16  BDL RUN  6 

 REPORT- BEPU Building Utility Performance 

                                                                                                                               
REPORT- BEPU Building Utility Performance                                                                                                                                                                       WEATHER FILE- LAWRENCE MUNI     MA 

              

 LIGHTS TASK 
LIGHTS 

MISC 
EQUIP 

SPACE 
HEATING 

SPACE 
COOLING 

HEAT 
REJECT 

PUMPS & 
AUX 

VENT 
FANS 

REFRIG 
DISPLAY 

HT PUMP 
SUPPLEM 

DOMEST 
HOT WTR 

EXT 
USAGE TOTAL 

              
EM1 ELECTRICITY              

KWH  90967 0 37023 0 37050 0 4561 56734 0 0 0 4462 230798 
              

FM1 NATURAL-GAS             
THERM 0 0 0 10127 0 0 0 0 0 0 1327 0 11454 

              
              
              

TOTAL ELECTRICITY    230798. KWH         6.926 KWH     /SQFT-YR GROSS-AREA    6.926 KWH     /SQFT-YR NET-AREA  
         TOTAL NATURAL-GAS     11454. THERM       0.344 THERM   /SQFT-YR GROSS-AREA    0.344 THERM   /SQFT-YR NET-AREA  

              
                            PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 28.62      
                            PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                       =  0.00       
                            HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                  =   193      
                            HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                  = 2315      

              
                            NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      

                                                                 
4 Baseline for ECMs 1, 3, 4, 5, 6, 7, 8, 10 and 11 
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Table 35: Baseline5

NGrid05 Site 522351                                                                                                                                                                                                      DOE-2.2-47h2   4/07/2011    16:05:33  BDL RUN  1 

 REPORT- BEPU Building Utility Performance 

       
REPORT- BEPU Building Utility Performance                                                                                                                                                                        WEATHER FILE- LAWRENCE MUNI     MA 

              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1 ELECTRICITY              
KWH 96331 0 37023 0 37348 0 4562 56787 0 0 0 4462 236513 

              
FM1 NATURAL- GAS              

THERM 0 0 0 10030 0 0 0 0 0 0 1326 0 11356 
              
              
              
              
 TOTAL ELECTRICITY    236513. KWH         7.097 KWH     /SQFT-YR GROSS-AREA    7.097 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS     11356. THERM       0.341 THERM   /SQFT-YR GROSS-AREA    0.341 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 28.42     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                        =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                  =   212      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                  = 2279      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      

                                                                 
5 Baseline for ECM9, ECM12 and Package of all ECMs.  Late in the analysis, a change needed to be made in the baseline model corridor lighting schedule.  It was determined that this change only 

detectably impacted ECM9, ECM12 and the Package of all measures. 
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5.3.2. ECM-A Improved Envelope Insulation 

This measure was included in the baseline model. 
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5.3.3. ECM-1 Improved Glazing Selection 

Table 36: ECM-1 REPORT- BEPU Building Utility Performance 

NGrid05 Site 522351                                                                                                                                                                                                      DOE-2.2-47h2   3/02/2011    11:20:08  BDL RUN  6 
       

REPORT- BEPU Building Utility Performance                                                                                                                                                                        WEATHER FILE- LAWRENCE MUNI     MA 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1  ELECTRICITY             
KWH 90967 0 37023 0 35457 0 4541 56423 0 0 0 4462 228873 

              
FM1  NATURAL-GAS            

THERM 0 0 0 10138 0 0 0 0 0 0 1329 0 11466 
              
              
              
              
 TOTAL ELECTRICITY    228873. KWH         6.868 KWH     /SQFT-YR GROSS-AREA    6.868 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS     11466. THERM       0.344 THERM   /SQFT-YR GROSS-AREA    0.344 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 28.71     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                       =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =   149      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 = 2366      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.4. ECM-2 AHU 2 Demand-controlled Ventilation 

Evaluation determined this measure not functioning therefore not modeled. 
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5.3.5. ECM-3 AHUs 1, 2, 3 Enthalpy Economizer 

Table 37: ECM-3 REPORT- BEPU Building Utility Performance 

NGrid05 Site 522351                                                                                                                                                                                                      DOE-2.2-47h2   4/08/2011    16:10:27  BDL RUN  4 
       

REPORT- BEPU Building Utility Performance                                                                                                                                                                        WEATHER FILE- LAWRENCE MUNI     MA 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1  ELECTRICITY             
KWH 90967 0 37023 0 37483 0 4561 58607 0 0 0 4462 233103 

              
FM1  NATURAL-GAS            

THERM 0 0 0 7818 0 0 0 0 0 0 1325 0 9142 
              
              
              
              
 TOTAL ELECTRICITY    233103. KWH         6.995 KWH     /SQFT-YR GROSS-AREA    6.995 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS      9142. THERM       0.274 THERM   /SQFT-YR GROSS-AREA    0.274 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 34.01     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                        =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                  = 1098      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                  = 1952      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.6. ECM-4 Occupancy-based Temperature Setback 

Table 38: ECM-4 REPORT- BEPU Building Utility Performance 

NGrid05 Site 522351                                                                                                                                                                                                      DOE-2.2-47h2   3/02/2011    11:44:02  BDL RUN  9 
       

REPORT- BEPU Building Utility Performance                                                                                                                                                                        WEATHER FILE- LAWRENCE MUNI     MA 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1  ELECTRICITY             
KWH 90967 0 37023 0 37056 0 4561 56850 0 0 0 4462 230919 

              
FM1  NATURAL-GAS            

THERM 0 0 0 10069 0 0 0 0 0 0 1327 0 11396 
              
              
              
              
 TOTAL ELECTRICITY    230919. KWH         6.929 KWH     /SQFT-YR GROSS-AREA    6.929 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS     11396. THERM       0.342 THERM   /SQFT-YR GROSS-AREA    0.342 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 28.65     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                       =   0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =    193      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 =  2318      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.7. ECM-5 Cupola Ventilation 

Not modeled in eQuest but rather in MS Excel based on results from Baseline model in which the energy for AHU 3 fans and cooling is reduced 
according to Cupola fan run time. 
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5.3.8. ECM-6 VSD on Hot Water Pumps 

Table 39: ECM-6 BEPU Building Utility Performance 

NGrid05 Site 522351                                                                                                                                                                                                     DOE-2.2-47h2   3/02/2011    12:01:18  BDL RUN 11 
       

REPORT- BEPU Building Utility Performance                                                                                                                                                                        WEATHER FILE- LAWRENCE MUNI     MA 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1  ELECTRICITY             
KWH 90967 0 37023 0 37050 0 3687 56734 0 0 0 4462 229923 

              
FM1  NATURAL-GAS            

THERM 0 0 0 10196 0 0 0 0 0 0 1327 0 11523 
              
              
              
              
 TOTAL ELECTRICITY    229923. KWH         6.899 KWH     /SQFT-YR GROSS-AREA    6.899 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS     11523. THERM       0.346 THERM   /SQFT-YR GROSS-AREA    0.346 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 28.62     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                       =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =   193      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 =  2315      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.9. ECM-7 Efficient DX Selection 

Table 40: ECM-7 BEPU Building Utility Performance 

NGrid05 Site 522351                                                                                                                                                                                                     DOE-2.2-47h2   3/02/2011    12:05:27  BDL RUN 12 
       

REPORT- BEPU Building Utility Performance                                                                                                                                                                        WEATHER FILE- LAWRENCE MUNI     MA 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1  ELECTRICITY             
KWH 90967 0 37023 0 33864 0 4561 56734 0 0 0 4462 227612 

              
FM1  NATURAL-GAS            

THERM 0 0 0 10127 0 0 0 0 0 0 1327 0 11454 
              
              
              
              
 TOTAL ELECTRICITY    227612. KWH         6.830 KWH     /SQFT-YR GROSS-AREA    6.830 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS     11454. THERM       0.344 THERM   /SQFT-YR GROSS-AREA    0.344 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 28.62     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =   0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =   193      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 = 2315      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.10. ECM-8 Efficient Motors 

Table 41: ECM-8 REPORT- BEPU Building Utility Performance 

NGrid05 Site 522351                                                                                                                                                                                                     DOE-2.2-47h2   3/02/2011    12:11:46  BDL RUN 13 
         

REPORT- BEPU Building Utility Performance                                                                                                                                                                        WEATHER FILE- LAWRENCE MUNI     MA 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1  ELECTRICITY             
KWH 90967 0 37023 0 36946 0 4564 55781 0 0 0 4462 229742 

              
FM1  NATURAL-GAS             

THERM 0 0 0 10140 0 0 0 0 0 0 1327 0 11467 
              
              
              
              
 TOTAL ELECTRICITY    229742. KWH         6.894 KWH     /SQFT-YR GROSS-AREA    6.894 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS     11467. THERM       0.344 THERM   /SQFT-YR GROSS-AREA    0.344 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 28.62     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =   192      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 =  2316      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.11. ECM-9 Efficient Lighting Design 

Table 42: ECM-9 REPORT- BEPU Building Utility Performance 

NGrid05 Site 522351                                                                                                                                                                                                      DOE-2.2-47h2   4/08/2011    13:11:44  BDL RUN  2 
        

REPORT- BEPU Building Utility Performance                                                                                                                                                                       WEATHER FILE- LAWRENCE MUNI     MA 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1  ELECTRICITY             
KWH 78975 0 37023 0 36776 0 4564 56630 0 0 0 4462 218430 

              
FM1  NATURAL-GAS             

THERM 0 0 0 10402 0 0 0 0 0 0 1327 0 11729 
              
              
              
              
 TOTAL ELECTRICITY    218430. KWH         6.554 KWH     /SQFT-YR GROSS-AREA    6.554 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS     11729. THERM       0.352 THERM   /SQFT-YR GROSS-AREA    0.352 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 28.91     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =   183      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                =  2350      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.12. ECM-10 Occupancy-based Lighting Controls 

Table 43: ECM-10 REPORT- BEPU Building Utility Performance 

NGrid05 Site 522351                                                                                                                                                                                                     DOE-2.2-47h2   3/02/2011    12:29:56  BDL RUN 16 
        

REPORT- BEPU Building Utility Performance                                                                                                                                                                       WEATHER FILE- LAWRENCE MUNI     MA 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1  ELECTRICITY             
KWH 86392 0 37023 0 36960 0 4561 56651 0 0 0 4462 226050 

              
FM1  NATURAL-GAS             

THERM 0 0 0 10240 0 0 0 0 0 0 1327 0 11567 
              
              
              
              
 TOTAL ELECTRICITY    226050. KWH         6.783 KWH     /SQFT-YR GROSS-AREA    6.783 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS     11567. THERM       0.347 THERM   /SQFT-YR GROSS-AREA    0.347 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 28.66     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =   0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                =    191      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                =  2320      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.13. ECM-11 Daylighting Controls 

Table 44: ECM-11 REPORT- BEPU Building Utility Performance 

NGrid05 Site 522351                                                                                                                                                                                                     DOE-2.2-47h2   3/02/2011    12:26:47  BDL RUN 15 
        

REPORT- BEPU Building Utility Performance                                                                                                                                                                        WEATHER FILE- LAWRENCE MUNI     MA 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1  ELECTRICITY              
KWH 80194 0 37023 0 36567 0 4562 56603 0 0 0 4462 219410 

              
FM1  NATURAL-GAS              

THERM 0 0 0 10313 0 0 0 0 0 0 1327 0 11640 
              
              
              
              
 TOTAL ELECTRICITY    219410. KWH         6.584 KWH     /SQFT-YR GROSS-AREA    6.584 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS     11640. THERM       0.349 THERM   /SQFT-YR GROSS-AREA    0.349 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 28.60     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =   178      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 =  2328      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.14. ECM-12 Automatic Bi-level Hallway Lighting 

Table 45: EMC-12 REPORT- BEPU Building Utility Performance 

NGrid05 Site 522351                                                                                                                                                                                                       DOE-2.2-47h2   4/08/2011     7:36:03  BDL RUN  1 
        

REPORT- BEPU Building Utility Performance                                                                                                                                                                       WEATHER FILE- LAWRENCE MUNI     MA 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1  ELECTRICITY             
KWH 92961 0 37023 0 37305 0 4563 56786 0 0 0 4462 233099 

              
FM1  NATURAL-GAS             

THERM 0 0 0 10128 0 0 0 0 0 0 1327 0 11455 
              
              
              
              
 TOTAL ELECTRICITY    233099. KWH         6.995 KWH     /SQFT-YR GROSS-AREA    6.995 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS     11455. THERM       0.344 THERM   /SQFT-YR GROSS-AREA    0.344 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 28.60     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =   212      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                =  2295      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.15. All ECMs 

Table 46: All ECMs REPORT- BEPU Building Utility Performance 

NGrid05 Site 522351 As-built DI                                                                                                                                                                                  DOE-2.2-47h2   4/08/2011    12:49:44  BDL RUN  1 
        

REPORT- BEPU Building Utility Performance                                                                                                                                                                       WEATHER FILE- LAWRENCE MUNI     MA 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM1  ELECTRICITY              
KWH 64426 0 35949 0 31493 0 3686 56736 0 0 0 4462 196752 

              
FM1  NATURAL-GAS              

THERM 0 0 0 8478 0 0 0 0 0 0 1328 0 9805 
              
              
              
              
 TOTAL ELECTRICITY    196752. KWH         5.904 KWH     /SQFT-YR GROSS-AREA    5.904 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS      9805. THERM       0.294 THERM   /SQFT-YR GROSS-AREA    0.294 THERM   /SQFT-YR NET-AREA  
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 24.44     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                       =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =   159      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 =  1983      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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1. SUMMARY 
This site report presents the results of an impact evaluation performed by SBW Consulting, Inc. for a 
Comprehensive Design Approach project installed through National Grid’s C&I New Construction & 
Major Renovation1

This project includes 4 efficiency improvements that were incorporated during initial construction of an 
airport terminal building. One measure improved the envelope, two measures improved the efficiency of 
the HVAC system, and one measure improved the control of the lighting system. 

 program in 2009 for Application #525900. This site is one of three National Grid  
sites sampled for the Massachusetts program evaluation. The purpose of the evaluation is to re-estimate 
the original Technical Assistance Study (TAS) energy and demand to verify the results for which 
incentives were paid to the customer.  

Table 1 summarizes 
estimates of savings for the package of measures in this project, from the original tracking database and 
the evaluation analysis. 

Table 1: Savings Summary  

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 335,580 317,589 95% 
Percent Energy On-peak 46% 54% 117% 
Summer Peak Diversified kW  99.1 59.9 60% 
Winter Peak Diversified kW  79.4 57.8 73% 

 

The evaluation results show that 95% of the estimated annual energy savings were realized in the installed 
building.  The difference between the tracking and evaluated savings estimates is due to a combination of 
variances between the proposed and installed measure configurations, how they were operated, and 
methods of analysis.  Specific differences in the savings estimates are contained in the discussions of 
measures in Section 4.  

 

                                                                 
1 The National Grid name for this statewide program is Design2000plus. 
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2. PROJECT DESCRIPTION 
This C&I New Construction & Major Renovation project includes four efficiency improvements that 
were installed during an addition and renovation project at the facility in Massachusetts. There is a 
multistory control tower and a restaurant at the site that are not part of the project. The overall floor area 
of the affected building is approximately 40,000 square-feet and is served electricity by National Grid.  

The building includes the following space types: Restrooms, airport departure lobby, large corridors, 
luggage screening and security areas, offices, electrical and mechanical rooms.  

The HVAC system consists of five rooftop air handling units with heating and cooling coils and variable 
speed fans. There are no outside air economizers. Heat wheels are installed in each of these units. Heating 
hot water and chilled water are provided by a central system of four staged “heat pump / chillers” which 
exchange heat with ground water via a plate and frame heat exchanger. Hot water (HW) and chilled water 
(CHW) pumps are variable speed. Ground water heat exchanger pumps are constant speed. The control 
tower and the “back-of-house” area, consisting of electrical/mechanical rooms and a small security office, 
are served by cabinet unit heaters with heating hot water from the heat pump/chillers. The restaurant area 
is served by an existing rooftop unit with heating hot water from the heat pump/chillers. All HVAC 
equipment is controlled by a central DDC system. Figure 1 below shows the general layout of the 
installed HVAC system. 

CH/HP-1

H
X

CH/HP-2 CH/HP-4

HWR

HWS

CHWR

CHWS

RTU-5RTU-3RTU-2 RTU-4RTU-1

Note:  HVAC units not related to 
EEMs are omitted for brevity.

Supply 
Air

Return 
Air
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To 
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CHWS = Chilled Water Supply
CHWR = Chilled Water Return
HWS = Hot Water Supply
HWR = Hot Water Return
GXS = Ground Source Supply
GXR = Ground Source Return

To Terminal 
Units/Radiant 

Heaters

CH/HP-3

 

Figure 1: Installed HVAC System Diagram 

The installed improvements impact the HVAC and lighting systems. These four energy conservation 
measures (ECMs) were selected by the owner from a list of twelve proposed measures that were 
identified in a technical assistance (TA) study performed in 2009. The installed measures are described in 
Table 2 as presented in the TA study. The estimate of energy savings of the individual ECMs, taken from 
the TA report, is also provided in the table. It is observed that the total interactive savings of all four 
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ECMs combined is 4% greater than the sum of the individual ECM savings modeled without the 
interactive effects. 

Table 2: Installed Energy Conservation Measures and Estimated Savings 

ECM and Description of ECM 
Tracking System Savings 

Estimate 
(kWh) 

ECM-1a Lighting Controls 
Install 17 occupancy sensors to control 44 light 
fixtures.  

  30,000  

ECM-2 Convert Constant Volume Rooftop Units to 
Variable Air Volume Systems 
Install five variable air volume rooftop units (RTUs) 
with energy recovery wheel. Heating and cooling 
energy is provided by water to air heat-pumps coupled 
with a ground sourced water loop.  

 196,320  

ECM-4 Water to Water Geothermal Ground Source Heat 
Pump System  
Install four ground source chiller/heaters (to supply 
both chilled water and heating hot water to a coil in 
each of the five VAV rooftop units. 

  72,640  

ECM-8a Door Insulation 
Install doors with an R-value greater than or equal to 
3.8. 

  23,400  

 Total Measure Non- Interactive Savings 322,360 
 Total Calculated Interactive Package Savings 335,580 

The total savings between the Baseline and Proposed eQUEST models was 341,311 kWh, which is slightly different than the reported 335,580 
kWh. Individual measure savings are also slightly different from those reported above. We discussed this discrepancy with the original energy 
modeler but were unable to find an explanation for it. 
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3. PROJECT-LEVEL ANALYSIS AND RESULTS 
3.1. TA Study Methodology 
The tracking estimate approach used the eQUEST building simulation program to estimate the energy 
savings potential for each of the energy conservation measures. The building energy simulation was used 
to estimate the baseline energy consumption and modified to estimate the reduction in energy 
consumption for each of the installed measures independently. An estimate of the energy savings for the 
entire measure package was also prepared, accounting for the interactive effects between measures. All 
models used a TMY2 weather file containing typical weather data. 

The baseline conditions were determined by the TA vendor for the TA analysis through discussions with 
the owner’s design team. The baseline was defined as the lighting and HVAC configuration that would 
have satisfied the minimum applicable codes. Energy conservation measures were identified with respect 
to the baseline conditions. The baseline energy use was modeled using eQUEST building energy-analysis 
software.  

The proposed conditions were based on the final bid set of drawings and specifications. The TA report 
stated 5:00 AM – 11:00 PM daily operating hours of the facility for the eQUEST building simulation 
program. 

3.2. Evaluation Methodology 
The evaluation estimated the actual energy impacts realized by each of the four installed measures and the 
measure package. A similar approach was taken for all of the measures. The interactive eQUEST model 
used in the TA study for the measure package was used as the starting point for the evaluation as-built 
model. The model was verified and changed as needed to reflect the as-built conditions of the building, as 
observed and measured during the evaluation site visits and subsequent data collection periods (see data 
collection below). The inputs to the model accurately reflected as much as possible the as-built 
configuration and operating characteristics for each of the installed measures. The inputs include actual 
weather data for the corresponding post-installation period. 

The model was checked for accuracy of non-measure characteristics such as building geometry and 
envelope characteristics to verify that it was a reasonable description of the physical facility. The most 
recent plans available were obtained for this verification. These aspects of the model were found to be 
reasonable and no modifications were made. 

The installed model was calibrated to monthly utility electric consumption for the most recent one-year 
period that was available immediately after installation and commissioning of the measures. The model 
was calibrated to electric consumption by matching billed electric consumption to within 5 percent on an 
annual basis and 10 percent on a monthly basis. To aid in the calibration, hourly electrical usage was 
obtained for the period of October-December 20102

                                                                 
2 Hourly electrical usage data was not available for this facility prior to October 2010. 

. Hourly end-use energy for RTU fans, pumps, and 
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heat pump/chillers was also measured by loggers during the period of September-November 2010. After 
the installed model was calibrated, it was rerun under 30-year average weather conditions to estimate 
typical as-built energy system performance.  

The baseline model was created using the initial baseline with 30-year average weather conditions. 
Certain initial inputs were modified based on some incorrect initial baseline assumptions (see Section 
3.3.2).  

Additional modifications were made to account for other measures installed at the site but which were not 
included in the measure package. These measures were accounted for as follows:  

1) Heat wheels on RTUs. This measure was recommended in the TA study and included in the TA 
interactive savings, so it was included in the evaluation Interactive and ECM 2 models, but not 
included in baseline.  

2) Electrically commutated motors installed on terminal units.  This measure was given a 
prescriptive rebated through a separate project application (#537801) but the savings were 
claimed through this CDA project, so this measure was included in the evaluation Interactive and 
ECM 4 models, but not included in baseline.  

3) Premium efficiency motors installed for RTU supply and return fans and all pumps except ground 
heat exchanger pumps.  This measure was installed through a separate project application 
(#537788) so the measure savings should not be included in this evaluation.  Therefore, this 
measure was included in all evaluation models including the baseline model.  

4) Lighting power density reduction. This measure was installed through a separate project 
application (#554785) so the measure savings should not be included in this evaluation.  
Therefore, this measure was included in all models including the baseline model.  

The evaluated annual energy savings for the measure package is defined as the difference between the 
baseline and the post-installation interactive model under typical weather conditions.  

Four additional eQUEST runs were completed to disaggregate the package savings into the four 
individual measures. Following the guidelines in Attachment C of the RFP an estimate of the summer 
peak kW, winter peak kW and percent on-peak energy saved was also made. 

This evaluation required that data be collected during the post-installation period to support the 
development of the as-built eQUEST simulation. The data requirements included the general building 
physical and operational conditions that were characterized to verify the eQUEST model of energy 
system performance. The requirements also included specific energy system characteristics relevant to the 
performance of each of the four measures that were necessary to verify the performance of the measures 
and specify/confirm the model inputs. To support model calibration, the data requirements also included 
electric billing records (calendarized for each month) and weather data for 2010.  

Data sources included discussions with the customer and the TA consultant, the most recent plans 
available for the installed conditions, interrogation of the EMS, manufacturer’s literature, reference 
materials, the utility billing system, and observations and measurements made during the site visits. 
Fifteen-minute data collected from the interrogation of the EMS included RTU supply air temperatures, 
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RTU return air temperatures, RTU hot water return temperatures, and outside air temperature. This data 
was available in one-week increments only due to limitations of the EMS.  

The data that were collected by one-time and short-term measurements are summarized in Table 15 in the 
appendix. 

3.3. Evaluation Results 

3.3.1. Model Verification 
The TA Study utilized an eQUEST model to evaluate the tracking system measure savings. Verification 
was achieved by first calibrating lighting, fan, pump, and heat pump end-uses based on available data, 
then adjusting end-uses for which data was not available (miscellaneous equipment, runway lighting). 
Domestic hot water was estimated and not adjusted.  

3.3.2. Model Energy Use 
The interactive model was calibrated to utility bills as described above. Table 3 summarizes the utility 
billing and building model data which included the installed measures and base case modifications for the 
2010 evaluation period. 

Table 3: eQUEST As-built Building Model and Billing Data kWH 

   
2010  Model kWh Metered Data  

(kWh) 
%dif

f 
Jan  119,666 126,420 -5% 
Feb  108,793 121,108 -10% 
Mar  116,223 129,788 -10% 
Apr  106,272 111,590 -5% 
May  106,703 96,973 10% 
Jun  113,413 112,364 1% 
Jul  127,153 131,283 -3% 
Aug  124,811 122,611 2% 
Sep  112,448 102,166 10% 
Oct  114,150 111,841 2% 
Nov  109,018 113,084 -4% 
Dec  118,591 131,732 -10% 
Total  1,377,243 1,410,962 -2% 

 

Calibrating the model to the 10% annual and 5% monthly tolerance bands was challenging due to the 
large unknown electrical loads on the meter. After calibrating the “known” end-uses (lighting, fan, pump, 
heat pump kWh), the model showed an annual usage that was approximately 50% low compared to utility 
bill usage. This was largely due to the absence of the control tower, runway lighting and significant 
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equipment loads such as baggage conveyors, x-ray machines, etc. in the original model.  The TA study 
model for the proposed building addition did not include exterior and miscellaneous facility electric loads 
such as the control tower, runway lighting and process equipment.  Because these loads do not 
significantly affect the efficiency measures installed for this CDA project, they were not required for in 
the TA model to estimate savings.  However, because these loads are included in the facility’s electric 
meter, they must be included in the evaluation model that is calibrated to actual facility consumption.  

The control tower was not included in the original model. There are two contributions to site energy from 
the tower: miscellaneous electrical loads and fin-tube radiant heat. To address the fin-tube radiant heaters, 
a load was added to the hot water loop in the Interactive and ECM4 models with a fractional schedule to 
account for load variations throughout the year. In the baseline and other models, a direct electric load 
was added (no hot water heat is available for these models). The schedule for the load was identical in the 
installed and baseline models. To address the miscellaneous electrical load, readings were taken off the 
FAA submeter for the control tower. This submeter represents all electric load including lights, 
equipment, plug loads, etc. It was added as a direct load to the main meter with a 24/7 schedule (this 
assumes that the control tower is always in operation). 

A major source of uncertainty for the project was the runway lighting system, part of the exterior usage 
end-use. After discussion with the site personnel about the runway lighting operating hours, a schedule 
was created based on civil twilight hours for the geographical area (this is the typical operating schedule 
used for runway lighting systems). No data was available on the power draw of the runway lighting 
system.  The evaluation team estimated this value based on the assumed runway lighting schedule, the 
facility 15-minute kW data from the utility meter, and the eQUEST installed building model output for 
electric consumption.  

The miscellaneous equipment loads were summed based on the latest available electrical plans and found 
to be 110 kW total. A constant load of 110 kW was added to the eQUEST model, followed by a variable 
load based on nighttime hours for the runway system. This variable load was adjusted so that total 
electrical usage matched utility bill usage to within the tolerance bands. The constant 24/7 110 kW load 
was assumed to be constant based on the necessary adjustment to overall energy usage to calibrate to 
utility bills. It was not based on actual equipment schedules. A large portion of the base load is from an 
unknown source. However, because the end-uses associated with installed measures are known, this 
unverified base load does not affect the savings calculation. It is identical in both the baseline and 
installed models. 

Miscellaneous equipment load was also increased from 0.5 watts/sf to 1.0 watts/sf to further aid in 
accounting for the unknown load. This portion of the load, although identical in the baseline and installed 
cases, contributes heat to the spaces and thus affects HVAC end-uses, so this adjustment was also used to 
help calibrate the HVAC end-uses. 

During the calibration process, schedules were adjusted to match actual usage. Adjustments were made to 
all models, including the baseline. Occupancy and miscellaneous equipment schedules, constant 
throughout the year in the original model, were adjusted to account for the seasonal differences at the 
airport (the number of passengers peaks during the summer and drops off sharply in the winter). Fan 
schedules were adjusted from 24/7 operation to the observed 1am to 11pm, 7 days/week throughout the 
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year. The original baseline and proposed fan schedules were different. This was corrected (the fan 
schedules should have been identical as no installed measure affected them). Room temperature setback 
schedules were also changed to match fan operation. 

Occupant heat gain was set to that of a sitting person at rest. This was changed in all models to reflect the 
ASHRAE value of a person doing moderate work (walking, carrying luggage, etc.). 

For models with variable speed fan control, the control setting was changed from “Variable Speed” to 
“Fan FPLR” to allow for the selecting of efficiency part-load curves. Insufficient data was available to 
create a curve, so default eQUEST curves were used. 

To account for the installed premium efficiency motors, pump kW inputs were changed to match those 
calculated from data. For all models, pump efficiency was changed to "premium efficiency" with the 
exception of the ground heat exchanger outside pumps (GXOP )pumps, which were not part of the 
premium efficiency motor application. 

In all original models, lighting power density was overestimated and was adjusted down in the evaluation 
model based on gathered data. Lighting schedules in both the baseline and proposed models were also 
adjusted to match schedules suggested from lighting logger data.  

In both the original baseline and proposed models, fan power was overestimated. This was adjusted in all 
models to match measured fan power. Since no measure incented under this application affected fan 
power, it was adjusted to be the same in both the baseline and installed models (this was not the case in 
the original model). This represents the fan power impacted by the premium efficiency motor application. 

In the original model, the bag screening area was served by a cabinet unit heater system and the “back of 
house” area was served by a rooftop unit. In actuality, the bag screening area is served by RTU-3 and the 
“back of house” area is served by unit heaters. This was corrected in all models. For those models that did 
not have central heating water (all except ECM4 and Interactive), electric heat was used for the unit 
heaters. 

3.3.3. Annual Energy Savings 
The evaluation of annual savings for the measure interactive package produced an estimate of savings that 
was 5.0 percent less than the tracking estimate as indicated in Table 4 below. The evaluated packaged 
measure savings was determined by running the calibrated installed measure eQUEST model with typical 
weather data and comparing the evaluation usage to the base case model estimated usage. Individual runs 
were made to determine measure savings. Individual measure runs do not include interactive effect with 
other measures. Individual measure savings are contained in Section 4.  

Table 4: Evaluated Annual Energy Savings 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 322,295 416,562 129% 
Total Interactive  335,580 317,589 95% 
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The evaluated savings is slightly lower than the tracking estimate for the interactive total. However, the 
non-interactive evaluation savings is significantly larger than tracking estimates. This is due primarily to 
the overperformance of ECM4 (geothermal heat pumps – see discussion below). These increased savings 
were offset in the interactive model by the underperformance of ECM2 (CV to VAV HVAC system), 
where fan power had been overestimated in the original model. 

The evaluated savings for ECM1 (lighting controls) was 31% higher than the tracking estimate. In the 
original model, this measure was simulated by reducing lighting density by 10% for all spaces. The 
evaluation model used a more accurate method of modeling this (see discussion below). 

Evaluated savings for ECM8 (door insulation) was slightly higher than the tracking estimate due to 
changes in other HVAC-related areas of the model that affected how the model was impacted when the 
door U-value was changed. 

3.3.4. Percent Energy On-Peak Savings 
The evaluation of percent energy savings that occurred during the on-peak period is shown in Table 5 
below. The non-interactive percent was unavailable.  

Table 5: Evaluated Percent Energy On-Peak Savings 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive n/a n/a n/a 
Total Interactive  46% 54% 117% 
  

3.3.5. Summer Peak Diversified kW Reduction 
The evaluation estimate of summer peak diversified kW reduction is shown in Table 6. The non-
interactive tracking estimate was unavailable.  

Table 6: Evaluated Summer Peak Diversified kW Reduction 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive n/a(1) 75.0 n/a 

Total Interactive  99.1(1) 59.9 60% 
(1) Sum of Summer kW reduction for all measures. 

3.3.6. Winter Peak Diversified kW Reduction 
Winter peak kW reductions are summarized in Table 7. The non-interactive tracking estimate was 
unavailable.   

Table 7: Evaluated Winter Peak Diversified kW Reduction 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive n/a (1) 78.5 n/a 
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Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Interactive  79.4(1) 57.8 73% 
(1) Sum of Winter kW reduction for all measures.  

3.3.7. Non-electric Benefits 
This is an all-electric building, so no non-electric benefits were estimated. 
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4. MEASURE-LEVEL ANALYSIS AND RESULTS 
4.1. ECM-1a Lighting Controls 

4.1.1. Tracking Estimate Approach 
Measure description 

Installed 17 occupancy sensors to control 44 light fixtures. 

The code specified base case for this ECM is manual control of the wall switches in employee occupied 
spaces and bathrooms. 

Occupancy sensor based lighting controls installed throughout all non-public spaces and bathrooms, 
utilizing bi-level lighting when appropriate. The Minimum Requirements Document (MRD) specified 17 
occupancy sensor to control 44 fixtures, however, the post inspection found 28 occupancy sensors 
controlling 62 fixtures.  

Analysis Method 

The energy saving potential for this measure was determined by changing the fraction of lighting 
utilization in the model to represent a reduction in use due to the occupancy sensors. The difference in 
output results between the baseline and the proposed building simulations quantified the energy saving 
potential. 

4.1.2. Evaluation Approach 
Data Gathered 

EMS data: not applicable. 

Short term metering: see Table 15. 

One time measurements:

For the lighting control measure, all lighting fixtures throughout the building in both measure-effected 
and non-measure-affected areas were documented. Lighting loggers were installed on all fixtures that had 
occupancy sensors installed. Lighting loggers were also installed in select areas with manual switch 
control. A total of ten loggers were installed and 15-minute data was gathered from 11/12/10 to 1/6/11. 
The data gathered was considered sufficient to verify measure performance and to estimate actual fixture 
run times throughout the building. 

 not applicable. 

Verification 

Measure verification was accomplished via document review, site observations, and data collection.  The 
evaluation confirmed the post-inspection finding that 28 occupancy sensors were installed controlling 62 
fixtures. 
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Analysis Method 

For the evaluation, the installed measure was analyzed in the eQUEST model by modifying the lighting 
schedules to represent the collected lighting logger data. All areas with occupancy sensors installed had at 
least one lighting logger. For those non-sensor areas with no lighting loggers, the schedules were based 
on those of a logger schedule representative of non-occupancy sensor areas. The eQUEST zones in the 
original models were simplified to the point where multiple rooms were contained in single zones. In 
many cases, a single zone contained rooms with and without occupancy sensors. To account for this, the 
schedules were modified based on the percentage of total fixture wattage representing the zones with and 
without occupancy sensors. The following procedure was used to develop a lighting schedule from logger 
data: 

1) Calculate the average percent on time for each hour from raw lighting logger data. 

2) If fixtures with and without occupancy sensors were present in the same eQUEST space, 
calculate the percent of occupancy sensors by installed watts for the space, then for each hour 
calculate the weighted percent on time, taking into account the percent of occupancy sensors: 

H = H1 – (H1 – H2) * %Occ 

Where: 

H = Percent of time fixtures are on for each hour 

H1 = Percent of time non-occupancy fixtures are on (from lighting logger data hourly averages) 

H2 = Percent of time occupancy sensor fixtures are on (from lighting logger data hourly 
averages) 

%Occ = Percent of occupancy sensors by installed wattage for this space. 

 

Table 8 summarizes the key measure parameters that were utilized in the TAS and in the eQUEST model.  

Table 8: ECM-1a Key Modeling Parameters 

Definition  
TA Study  

Model  
eQUEST Evaluation  

Model  
Source  

Lighting Schedule 
Hourly Fraction 

No changes between 
base and proposed 

Weighted reductions (see 
description above) 

Lighting logger data, 
lighting plans, and site 
observations 

Lighting Power 
Density 

10% reduction – all 
spaces 

No changes between base and 
proposed 

n/a 
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4.1.3. Evaluated Savings  
Table 9: ECM-1a Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 29,996 39,442 131% 
Percent Energy On-peak n/a1 53%  
Summer Peak Diversified kW   n/a1 7.68  
Winter Peak Diversified kW   n/a1 5.05  

1 Not included in project documentation. 

The evaluated annual energy savings for ECM1 was 31% higher than the tracking estimate. The increase 
in savings is primarily due to the installation of additional occupancy sensors, increased the total lighting 
kW under occupancy sensor control.  In the original model, this measure was simulated by reducing 
lighting density by 10% for all spaces. The evaluation model used a more accurate method of modeling 
this based on actual connected kW and actual fixture runtimes (described above). 

4.2. ECM-2 Convert Constant Volume Rooftop Units to 
Variable Air Volume Systems 

4.2.1. Tracking Estimate Approach 
Measure Description 

Install five variable air volume rooftop units (RTUs). Heating and cooling energy is provided by water-to-
air heat-pumps coupled with a ground sourced water loop. The base case for this measure includes five 
constant volume single zone rooftop units (RTUs).  

Each unit is equipped with a 10 hp supply fan and a 7.5 hp exhaust fan. Heating and cooling energy is 
provided by water to air heat-pumps coupled with a ground sourced water loop. The units have a 
minimum EER of 12.4 for cooling and the COP of 3.0 for heating as prescribed by code. 

The MRD specified supply fans at 10 hp and exhaust fans at 7.5 hp. One of the RTUs had fan motors as 
specified in the MRD, while the other four units had 7.5 hp supply and 5 hp exhaust fans. The units also 
had enthalpy heat recovery wheels with 0.17 hp motor. However it was noted that the energy recovery 
wheels appeared to be disabled. 

Analysis Method 

The energy savings potential for this measure was determined by changing the characteristics of the 
RTUs from constant volume to variable volume. As part of this process, the system type was changed to 
allow for terminal units to be modeled (this is an integral part of a variable air volume system). The 
difference in output results between the baseline and the proposed building simulation quantified the 
energy saving potential. 
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4.2.2. Evaluation Approach 
Data Gathered 

EMS data: see Table 15.  

Short term metering: see Table 15. 

One time measurements (and other data sources):

For this measure, EMS trends for discharge air, return air, and hot water temperatures and VFD speed 
(RTU-2 only) were gathered for the periods of 11/7/10-11/12/10 and 1/1/11 to 1/5/11. RTU fan amperage 
was metered from 9/2/10 to 11/12/10. One time power measurements were taken during November 2010. 
Other sources of data included nameplate photos, commissioning reports, and HVAC plans.  

 see Table 15.  

Verification 

A review of trended data showed that the measure was in operation, but that the minimum fan speed was 
greater than originally modeled.  

Analysis Method 

The trended fan energy was compared with eQUEST hourly fan energy for the same period. Measured 
fan power and nameplate data was used to calibrate the fan power modeled in eQUEST. Fan minimum 
speed was adjusted up to match what was shown in the trends. Modeled fan energy was calibrated to 95% 
of that shown for the trended period.  

Table 10 summarizes the key measure parameters.  

Table 10: ECM-2 Key Modeling Parameters 

Parameter 
TA Study  

Model  
eQUEST Evaluation  

Model  
Source  

Heating Min. Flow Ratio default 74% RTU logger data 
Cooling Min. Fan Ratio default 74% RTU logger data 

 

4.2.3. Evaluated Savings  
Table 11: ECM-2 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 196,320 131,170 67% 
Percent Energy On-peak 46% 56% 122% 
Summer Peak Diversified kW  8.98 13.5 150% 
Winter Peak Diversified kW  43.22 30.8 71% 

 

Evaluated savings for this measure are 67% of the TA study estimated savings.  There were two reasons 
for reduced savings: 1) Fan power had been overestimated in both baseline and proposed cases. Reducing 
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fan power yielded a slight reduction in savings. 2) Fan minimum speed was higher than expected, 
resulting in less fan power reduction and less savings. 

4.3. ECM-4 Water to Water Geothermal Ground Source 
Heat Pump System 

4.3.1. Tracking Estimate Approach 
Measure description 

Install four ground source chiller/heaters (to supply both chilled water and heating hot water to a coil in 
each of the five VAV rooftop units (in actuality four units were installed). 

The base case for this measure is the same as for ECM-2, constant volume single zone rooftop units with 
water to air heat-pumps coupled with a ground source water loop. The units have a minimum EER of 12.4 
for cooling and a COP of 3.0 for heating as prescribed by code. 

Three 75-ton chiller/heater units reject heat/cool to the geothermal wells via a plate and frame heat 
exchanger. Four units were actually installed, however only up to three operate at a time (fourth is 
backup, but cycled into the sequence of three operational units) Chilled water and hot water (four pipe 
system) is pumped to a single coil located in each of the RTUs for cooling or heating the supply air. The 
TA study specified a heating COP of 4.0 and a cooling EER of 18 for the installed equipment, but this 
was not confirmed during the project post-inspection. More complete specifications of the system 
operation such as hot and chilled water loop temperatures, pump sizes and operation were determined 
during the site visit. 

Analysis Method 

The energy savings potential for this measure was determined by changing the characteristics of the 
RTUs from constant volume to variable volume and increasing the efficiency of the heat pumps. The 
efficiencies were based on manufacturer’s data. The difference in output results between the baseline and 
the proposed building simulation quantified the energy saving potential. 

4.3.2. Evaluation Approach 
Data gathered 

EMS Data: CHW, HW, and HX supply and return temperatures; see Table 15 for more detail. 

Short term metering: Heat pump kW; see Table 15 for more detail. 

One time measurements and other data sources: 

Chilled water (CHW), hot water (HW) and heat exchanged (HX) temperature trends from the EMS were 
gathered for the periods of 11/7/10 to 11/12/10 and 1/1/11 to 1/5/11. Power for each heat pump unit was 
metered from 9/2/10 to 11/12/10. Other sources of data included nameplate photos, commissioning 
reports (including sequence of operations), manufacturer data, and HVAC plans. 

N/A 
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Verification 

A review of trended data showed the measure to be using very close to what was expected, even though 
the installed units were different than those used in the original model.  

Analysis Method 

Hourly short-term metering results showing energy usage for each chiller/heater unit were compared with 
eQUEST hourly results for the same period. Calibration was accomplished using the changes below. 

In the interactive and ECM4 models, the ground source heat exchanger CHW supply temperature was 
changed from 60 deg F to 65 deg F and the ground source heat exchanger HW supply temperature was 
changed from 45 deg F to 42 deg F, both based on the latest drawings and trended data. 

In the TA interactive and ECM4 models, one chiller and one boiler were used to simulate the heat 
pump/chiller system. In actuality, there are four such units (with a maximum of three operational at any 
one time). The evaluation models were changed to reflect this. Staging control was added for chillers and 
boilers. The modeling of 4 units means that there would also be four dual temperature pumps, four GXI 
pumps, and four GXO pumps whereas there is only one of each in the actual building. There is no way to 
model single circulation pumps for multiple units in this configuration, so the pump power was split 
evenly between the 4 pairs of circulation pumps. Additionally, chiller and boiler efficiencies were 
changed to match rated efficiencies for the equipment installed, which was slightly different than the 
equipment specified. 

Model results show around 35% of annual hours as being outside the range of heating/cooling setpoints 
for two of the five air handling units. Many times this indicates a control problem within the model. 
However, a check of model outputs shows that space temperatures were only slightly outside setpoint 
range for these hours and this the evaluation team deemed the model appropriate.  

Calibration resulted in heat pump/chiller energy being 81% of metered data. 

4.3.3. Evaluated Savings  
Table 12: ECM-4 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 72,640 221,430 305% 
Percent Energy On-peak 46% 55% 119% 
Summer Peak Diversified kW  76.61 51.1 67% 
Winter Peak Diversified kW  13.56 37.8 279% 

 

Evaluated savings for this measure are 305% of the estimated annual energy savings. The difference 
between the tracking and evaluated savings is due to non-measure related changes made to this measure 
that resulted in increased savings in fan and heating energy. Increases in fan energy savings were largely 
due to what appeared to be an error in the original TA model: the RTU flowrates were allowed to default 
while in the interactive model they had been set to flowrates from balancing reports. For the evaluation, 
since the system is the same in both interactive and ECM4 cases (except for variable fan speed control), 



MA CDA Impact Evaluation National Grid Project 525900 

SBW Consulting, Inc. 17 

the flowrates were carried over from the interactive model to the individual ECM model. Increased 
heating energy savings was due to an increase in heating efficiency between the proposed heat 
pump/chillers and the ones actually installed.  

4.4. ECM-8a Door Insulation 

4.4.1. Tracking Estimate Approach 
Measure description 

Install doors with an R-value greater than or equal to 3.8. 

The base case for this measure is doors with an R-value of 0.7 as described by the Massachusetts Energy 
Code. 

The MRD specified that doors have an R-value of 3.8 or greater. The post inspection report did not verify 
the door R-values.  

Analysis Method 

The energy savings potential for this measure was determined by changing the R value of the doors from 
1.45 to 0.262. The difference in output results between the baseline and the proposed building simulation 
quantified the energy saving potential. 

4.4.2. Evaluation Approach 
Data gathered 

EMS Data: N/A 

Short term metering: N/A 

One time measurements (and other data sources):

Verification 

 Architectural plans, installation report 

We were unable to verify the R-values from construction submittals but confirmed with the modeler that 
values were based on bid documents. These values were also confirmed by the installation report. 

Analysis Method 

Since the measure appeared to be installed as specified and no errors were found in the original modeling 
approach, no changes were made.  

Table 13: ECM-8 Key Modeling Parameters 

Parameter  
TA Study  

Model  
eQUEST Evaluation  

Model  
Source  

Doors Overall U-
Value 

1.45 (baseline); 0.262 
(proposed) 

1.45 (baseline); 0.262 
(installed) 

Architectural plans, installation report, 
discussion with modeler 
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4.4.3. Evaluated Savings  
Table 14: ECM-8a Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 23,378 24,520 105% 
Percent Energy On-peak 46% 50% 108% 
Summer Peak Diversified kW  4.72 2.8 59% 
Winter Peak Diversified kW  6.57 4.8 73% 

 

Evaluated savings for ECM8 was slightly higher than the tracking estimate due to changes in other areas 
of the model that affected how the model was impacted when the door U-value was changed.  
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5. APPENDICES 
5.1. EMS and Short-Term Monitoring Details 
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Table 15: Data Retrieved  

E
C

M
 #

 

E
C

M
 

ke
yw

or
ds

 

1.
 E

qu
ip

m
en

t 
m

on
ito

re
d 

2.
 P

ar
am

et
er

 
m

ea
su

re
d 

3.
 M

ak
e 

an
d 

m
od

el
 o

f 
m

ea
su

re
m

en
t 

eq
ui

pm
en

t 

4.
 T

yp
e 

of
 

m
ea

su
re

m
en

t 
eq

ui
pm

en
t 

5.
 In

st
al

la
tio

n 
of

 m
on

ito
ri

ng
 

eq
ui

pm
en

t 

6.
 F

re
qu

en
cy

 
of

 
ob

se
rv

at
io

ns
 

7.
 D

ur
at

io
n 

of
 

m
et

er
in

g 

9.
 M

et
er

ed
 b

y 

E
M

S 
ch

an
ne

l 
na

m
e 

1 Lighting 
Controls 

Lighting Fixtures On/Off Dent Lighting Logger Logging Transducer Magnetic 15 min 11/12/10 to 
1/6/11 

Evaluator  

3 RTU CV to 
VAV 

RTUs 1-5 Discharge Air Temp (F) EMS EMS EMS 15 min 11/7/10 to 
11/12/10; 

1/1/11 to 1/5/11 

EMS  

3 RTU CV to 
VAV 

RTUs 1-5 Return Air Temp (F) EMS EMS EMS 15 min 11/7/10 to 
11/12/10; 

1/1/11 to 1/5/11 

EMS  

3 RTU CV to 
VAV 

RTUs 1-2 Hot Water Return Temp (F) EMS EMS EMS 15 min 11/7/10 to 
11/12/10; 

1/1/11 to 1/5/11 

EMS  

3 RTU CV to 
VAV 

RTU-2 VFD Speed (%) EMS EMS EMS 15 min 11/7/10 to 
11/12/10; 

1/1/11 to 1/5/11 

EMS  

3 RTU CV to 
VAV 

RTUs 1-5 Total unit amperage Pace Pocket Logger AC Current Sensor Split Core 15 min 9/2/10 to 
11/12/10 

Evaluator  

3 RTU CV to 
VAV 

RTUs 1-5 Amps, Volts, kW Fluke 3-phase Power Meter 3-phase Power 
Meter 

Split Core 
/ Probes 

One time 11/2010 Evaluator  

??  Pumps CHWP-1, 
DTWP-1, GXIP-

1 

Amps, Volts, kW Fluke 3-phase Power Meter 3-phase Power 
Meter 

Split Core 
/ Probes 

One time 11/2010 Evaluator  

??  Pumps CHWP-1, 
CHWP-2, HWP-

1, HWP-2, 
DTWP-1, 

DTWP-2, GXIP-
1, GXIP-2 

Amps Pace Pocket Logger AC Current Sensor Split Core 15 min 9/2/10 to 
11/12/10 

Evaluator  

           

4 GSHP HPs 1-4 Power (kW) Pace Pocket Logger Watthour sensor Split Core 
/ Probes 

15 min 9/2/10 to 
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4 GSHP HPs 1-4 Hot Water Supply Temp (F) EMS EMS EMS 15 min 11/7/10 to 
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5.2. Data Summaries by Measure 
5.2.1. ECM-1a Lighting Controls 

The following chart shows the daily schedules used in the eQUEST models. One schedule is used for the 
baseline and in areas where occupancy sensors were not installed (this is based on logger data from a 
space where the lighting schedule is representative of the typical facility lighting schedule). The other 
four schedules are created from lighting logger data for those spaces. 
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5.2.2. ECM-2 Convert Constant Volume Rooftop Units to Variable Air Volume Systems 

The following chart shows a sample week of RTU metered amps. The larger set of data from which this 
sample was taken was used to calibrate model RTU energy usage. 
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5.2.3. ECM-4 Water to Water Geothermal Ground Source Heat Pump System 

The following chart shows a sample week of heat pump/chiller metered amps. The larger set of data from 
which this sample was taken was used to calibrate model heat pump/chiller energy usage. 

 

 

5.2.4. ECM-8a Door Insulation 

No data. 
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5.3. Model Outputs by Measure 
5.3.1. Baseline 

Table 16: Baseline REPORT- BEPU Building Utility Performance 

DOE-2.2-47d    3/08/2011    12:37:09  BDL RUN  2 
         

REPORT- BEPU Building Utility Performance                                                                                                                                                                                WEATHER FILE- Providence   RI TMY2 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

e-Me ELECTRICITY              
KWH 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
EM1  ELECTRICITY              

KWH 279172 0 260921 190590 121046 0 49795 339605 0 0 14036 442874 1698040 
              

Oil  FUEL-OIL              
GAL 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
              
              
              
 TOTAL ELECTRICITY   1698040. KWH        51.883 KWH     /SQFT-YR GROSS-AREA   51.883 KWH     /SQFT-YR NET-AREA   
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE =  2.9      
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =  0.0       
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.       
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5.3.2. ECM-1a Lighting Controls 

Table 17: ECM-1a REPORT- BEPU Building Utility Performance 

DOE-2.2-47d    3/08/2011    12:40:22  BDL RUN  3       
         

REPORT- BEPU Building Utility Performance                                                                                                                                                                            WEATHER FILE- Providence   RI TMY2 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

e-Me ELECTRICITY              
KWH 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
EM1  ELECTRICITY              

KWH 249861 0 260921 193558 116697 0 50552 330097 0 0 14037 442874 1658596 
              

Oil  FUEL-OIL              
GAL 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
              
              
              
 TOTAL ELECTRICITY   1658596. KWH        50.677 KWH     /SQFT-YR GROSS-AREA   50.677 KWH     /SQFT-YR NET-AREA   
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE =  2.4      
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =   0.0       
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.       
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5.3.3. ECM-2 Convert Constant Volume Rooftop Units to Variable Air Volume Systems 

Table 18: ECM-2 REPORT- BEPU Building Utility Performance 

DOE-2.2-47d    3/08/2011    12:41:36  BDL RUN  4       
         

REPORT- BEPU Building Utility Performance                                                                                                                                                                                WEATHER FILE- Providence   RI TMY2 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

e-Me ELECTRICITY              
KWH 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
EM1  ELECTRICITY              

KWH 279016 0 260921 146051 159361 0 46948 217665 0 0 14033 442874 1566870 
              

Oil  FUEL-OIL              
GAL 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
              
              
              
 TOTAL ELECTRICITY   1566870. KWH        47.875 KWH     /SQFT-YR GROSS-AREA   47.875 KWH     /SQFT-YR NET-AREA   
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE =  1.8      
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                       =  0.0       
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.       
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5.3.4. ECM-4 Water to Water Geothermal Ground Source Heat Pump System 

Table 19: ECM-4 REPORT- BEPU Building Utility Performance 

DOE-2.2-47d    3/08/2011    12:42:36  BDL RUN  5       
         

REPORT- BEPU Building Utility Performance                                                                                                                                                                                WEATHER FILE- Providence   RI TMY2 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

e-Me ELECTRICI TY              
KWH 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
EM1  ELECTRICI TY              

KWH 279016 0 268268 85184 66854 0 29065 289388 0 0 15030 443804 1476610 
              

Oil  FUEL-OIL              
GAL 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
              
              
              
 TOTAL ELECTRICITY   1476610. KWH        37.183 KWH     /SQFT-YR GROSS-AREA   37.183 KWH     /SQFT-YR NET-AREA   
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 35.7      
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                       =   0.0       
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.       
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5.3.5. ECM-8a Door Insulation 

Table 20: ECM-8a REPORT- BEPU Building Utility Performance 

DOE-2.2-47d    3/08/2011    12:44:49  BDL RUN  6       
         

REPORT- BEPU Building Utility Performance                                                                                                                                                                                WEATHER FILE- Providence   RI TMY2 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

e-Me ELECTRICITY              
KWH 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
EM1  ELECTRICITY              

KWH 279172 0 260921 176907 119170 0 48600 331841 0 0 14034 442874 1673518 
              

Oil  FUEL-OIL              
GAL 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
              
              
              
 TOTAL ELECTRICITY   1673518. KWH        51.133 KWH     /SQFT-YR GROSS-AREA   51.133 KWH     /SQFT-YR NET-AREA   
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE =  2.0      
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                       =  0.0       
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.       
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5.3.6. All ECMs 

Table 21: All ECMs REPORT- BEPU Building Utility Performance 

DOE-2.2-47d    3/08/2011    12:22:14  BDL RUN  1      
         

REPORT- BEPU Building Utility Performance                                                                                                                                                                                WEATHER FILE- Providence   RI TMY2 
              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

e-Me ELECTRICITY              
KWH 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
EM1  ELECTRICITY              

KWH 249707 0 268252 52625 66157 0 25073 259804 0 0 15029 443804 1380451 
              

Oil  FUEL-OIL             
GAL 0 0 0 0 0 0 0 0 0 0 0 0 0 

              
              
              
              
 TOTAL ELECTRICITY   1380451. KWH        34.762 KWH     /SQFT-YR GROSS-AREA   34.762 KWH     /SQFT-YR NET-AREA   
              
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE =  1.3      
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                       =  0.0       
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.       
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1. SUMMARY 
This site report presents the results of an impact evaluation performed by SBW Consulting, Inc. for a 
Comprehensive Design Approach project completed in 2008 for Application # 526633. This site is one of 
three National Grid sites sampled for the Massachusetts program evaluation. The purpose of the 
Evaluation is to re-estimate the original Technical Assistance Study (TAS) energy and demand savings to 
verify the results for which incentives were paid to the customer.  

This project includes 10 efficiency improvements selected by the building owner from a list of 11 
presented in a 2008 TA Study (TAS) for consideration. The 10 incorporated measures were installed 
during initial construction of a large office building. Seven measures improved the efficiency of HVAC 
equipment in the building, two addressed lighting efficiency and controls, and one addresses the building 
envelope with the installation of low-e glass. Table 1 summarizes estimates of savings for the package of 
measures in this project from the original tracking database and the Evaluation analysis. 

A comparison of Tracking and Evaluation savings estimates shows the annual energy savings to be 23 
percent greater than the Tracking Estimate while the evaluated Winter Peak Diversified demand reduction 
is slightly less than half the Tracking Estimate. Percent On-Peak savings and Summer Peak Diversified 
Demand reduction are close to the corresponding Tracking Estimates. Specific differences in the savings 
estimates are contained in the discussions of measures in Section 4.  

Table 1: Savings Summary 

Savings Quantity Tracking Estimate1 Evaluated Savings1 Evaluated % of Tracking 
Annual Energy, kWh 717,256 881,787 123% 
Percent Energy On-peak 62%2 61.2% 98.7% 
Summer Peak Diversified kW  199.02 188.8 94.9% 
Winter Peak Diversified kW  218.02 107.6 49.3% 
1Values in these columns take into account interactive effects among the measures. 
2These values appear to have been calculated incorrectly; see text for explanation.  

Tracking estimate values other than annual energy savings in Table 1 appear to have been calculated for 
the TAS using a different procedure than that prescribed by National Grid for the Evaluation. The Percent 
Energy On-Peak appears to have been calculated only once for the entire project and the resulting value 
applied to every ECM modeled using TRACE.  

Seasonal peak diversified kW reductions also appear to have been calculated using a different method 
than the one used for the Evaluation. Winter peak diversified kW reductions were determined in a manner 
similar to those for the summer, except the daily start and end times were correct, but December was 
omitted altogether. 

In addition, comparisons between the TAS and Evaluation models are difficult to make because the TAS 
approach was to use the reduced-year calculation option available in TRACE. This is the normal mode for 
running TRACE as a design tool, which is the purpose for which the program was designed. The 
Evaluation used the full-year modeling approach, which performs calculations on an hourly basis for the 
entire year, taking into account hourly weather variations. For each month, the reduced-year approach 
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employs a design heating and a design cooling day to size equipment, and then runs a single average day 
for each daytype (e.g. weekdays, weekends, and holidays). The results for each of these daytypes are then 
extrapolated for the respective months. Because the reduced-year approach cannot take into account 
variations in weather, comparing the two modes of calculation cannot be done in a rigorous manner. This 
approach is likely to yield reasonable estimates of monthly and annual energy consumption; however, 
estimates of electric demand may be weaker as demand calculations can be influenced by extreme 
conditions that would not be found among averages.  
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2. PROJECT DESCRIPTION 
This C&I New Construction and Major Renovation1

Cooling for the data center is provided by two frictionless air-cooled Turbocor chillers installed in parallel 
with a glycol dry-cooler economizer (baseline: standard 1.24 kW/Ton chillers and no economizer). The 
chillers are sized such that only one normally runs to meet the data center cooling load. Four ultrasonic 
humidifiers were installed to provide humidification to the data center during winter months as necessary 
to avoid static buildup (baseline: infrared humidifiers). 

 project includes ten efficiency improvements that 
were installed during initial construction of an office building in Marlborough, Massachusetts. The office 
building is a newly-constructed four-story 146,000 square-foot building served by National Grid. It 
includes both open and private offices, a data center, lobbies, conference rooms and a training room, plus 
a cafeteria with kitchen and servery. 

Five packaged rooftop units (RTUs) serve the HVAC needs of the rest of the building, with a sixth 
constant-volume RTU serving a pedestrian bridge to another building at the site. The five RTUs serving 
the building have evaporative condensers installed (baseline: air-cooled condensers) and demand 
controlled ventilation (DCV) controls the minimum outside air dampers in four of the five RTUs, with the 
kitchen/cafeteria area excluded (baseline: minimum outside air dampers with fixed minimum setpoints). 
RTU heating coils are gas-fired. 

Electronically commutated motors (ECMs) ranging from 0.25- to 1-hp are installed on 117 fans in serial 
fan-powered terminal boxes (FPBs) serving perimeter spaces (baseline: SPC-controlled standard 
induction motors). The ECMs are set to deliver constant air volumes at all times rather than to vary their 
air flow rates. Although the FPBs do not operate as variable speed fans, savings over the baseline motors 
are realized because the ECMs are more efficient than SPC-controlled induction motors throughout their 
speed range, especially at lower speeds. 

Low-e reflective glazing (U-value = 0.28, Shading Coefficient (S-C) = 0.32) occupies 43% of the exterior 
walls in the building (baseline: U-value = 0.48, S-C = 0.51; 43% wall area).  

Lighting power densities were reduced from an overall baseline value of 1.3 to 1.15 W/ft2 in all spaces 
except the data center, the kitchen and the cafeteria (0.92 and 0.69 W/ft2, respectively) for which no 
lighting efficiency measures were installed. Occupancy controls were operative in most enclosed spaces 
in the building. 

Seventeen NEMA premium efficiency motors were installed on various fans and pumps in the facility 
(baseline: motors with EPACT efficiencies). Three of these motors drive chilled water pumps, only one of 
which operates at any time. This means that the savings from these three pumps is equivalent to the 
savings of just one pump running continuously. 

                                                                 
1 C&I New Construction and Major Renovation is the statewide program name implemented in 2011.  This project was 

implemented in 2008 under the National Grid program name Design 2000plus. 
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Table 2 summarizes the energy efficiency measures with the TA Study estimated savings for each 
measure individually and for all measures combined. 

Table 2: Proposed Energy Conservation Measures and Estimated Savings 

ECM and Description of ECM 
Tracking System Savings 

Estimate 
(kWh) 

ECM-1 
Evaporatively-cooled DX Compressors 
Install evaporatively-cooled DX compressors on five of the 
six air handling units.  

88,608 

ECM-2 
Equip Fan Powered Boxes with ECM Motors 
Install electronically commutated motors (ECMs) on 117 
fan powered boxes. 

35,626 

ECM-3 

DDC Upgrade 
Upgrade DDC system to include automation control 
strategies including enthalpy economizer1 and demand 
based ventilation. 

76,540 

ECM-4 
Premium Efficient Motors 
Install premium efficiency motors on HVAC equipment 
including pumps, air handler fans, and exhaust fans. 

6,572 

ECM-5 
High Performance Glazing 
Install efficient glazing to improve insulating factor and 
shading coefficient. 

124,410 

ECM-6 Lighting Control Upgrades 
Install 130 occupancy sensors in private offices. 

22,811 

ECM-7 
Lighting Upgrades 
Install high efficiency fixtures with T5 lamps. 

121,951 

ECM-8A 
Optimized Air Cooled Chillers for Data Center 
Install two premium efficiency chillers utilizing magnetic 
oil free bearings.  

116,855 

ECM-9 Ultra-Sonic Humidification 
Install ultrasonic humidifiers in the data center 

53,970 

ECM-10 
Data Center Dry Cooler Economizer 
Install a dry cooler in the data center to provide “free” 
cooling when outdoor temperatures are sufficiently low. 

132,750 

 Total Measure Non- Interactive Savings 780,093 
 Total Calculated Interactive Package Savings 717,256 

(1) Enthalpy economizer was not installed 
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3. PROJECT-LEVEL ANALYSIS AND RESULTS 
3.1. TA Study Methodology 
The tracking estimate approach used the TRACE 700 building simulation program to estimate the energy 
savings potential for each of the energy conservation measures (ECMs), except ECM-9. The TRACE 
simulation was used to estimate the baseline energy consumption, and then modified to estimate the 
reduction in energy consumption for each of the proposed measures. An estimate of the energy savings 
for the entire measure package was also prepared (including the energy use from ECM-9), accounting for 
the interactive effects between measures. 

Baseline conditions were determined by the TA vendor in the original TA analysis through discussions 
with the owner’s design team. The baseline was defined as the lighting and HVAC configuration that 
would have satisfied applicable codes. Energy conservation measures were compared to the baseline 
conditions to determine their performance. The baseline energy use was modeled using TRACE 700 
building energy-analysis software. 

ECM 9 was analyzed in a temperature bin spreadsheet model because TRACE does not provide an option 
to model ultrasonic humidifiers. The humidification load for the data center was estimated for 5° 
temperature bins using dry bulb and mean coincident wet bulb outside air temperatures combined with an 
outdoor air ventilation rate. Energy consumption for the base and proposed humidifiers was determined 
by applying a specific energy rate for the vaporization of water for the two types of humidifiers. 

Specific ECM base case assumptions and proposed measure efficiency changes utilized in the TAS 
TRACE model are indicated in Section 4. For each measure, the difference between the base case and 
proposed model results quantified the energy saving potential proposed in the TA Study. 

In determining the peak demand savings for the summer months, the TAS indicates the daily start and end 
times are from 3 p.m. to 5 p.m. Monday through Friday, with only 2 “hours per period” reported for each 
month. Actual hours should start at 1 p.m. and, unless the kW reductions are constant throughout the 
month, values for all the hours occurring in a month should be included when taking the average. 

3.2. Evaluation Methodology 
The Evaluation estimated actual energy impacts realized by each of the ten installed measures on an 
individual basis and for the measure package. Similar to the TA Study, all measures were modeled using 
the TRACE 700 building performance software except for ECM-9. ECM-9 was modeled in a manner 
based on the bin model used in the TAS, but adapted to allow calculations on an hourly basis using actual 
hourly weather data for an entire year. The Evaluation as-built TRACE model was based on the TAS 
model, modified to reflect the actual building as observed and measured during the Evaluation site visits 
and subsequent data collection period (see data collection below). Inputs also included hourly weather 
data for the 2010 calendar year. 

The TAS proposed model was adjusted to provide a model that more accurately reflected the building as 
it was actually constructed and is operated. These adjustments included a significant change to how 
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HVAC system was modeled. The TAS model provided a single RTU serving all spaces other than the 
kitchen/cafeteria, the south wing of the building and the data center. This included both interior and 
perimeter spaces. Because only one type of terminal unit can be modeled for any one system in TRACE, 
series fan-powered boxes (FPBs) were assumed for all spaces served by the single RTU and standard 
minimum airflow VAV boxes could not be modeled. The Evaluation model was adjusted by defining new 
systems that used FPBs in the perimeter spaces and VAV boxes in core spaces, as exist in the building. 

Supply air temperature reset control was added to the Evaluation model and RTU cooling capacities were 
changed to reflect actual installed RTU cooling capacities. Lighting schedules for rooms without 
occupancy sensors were also adjusted to reflect daily lighting profiles obtained from logger data obtained 
on-site. In general, these schedule changes reduced hourly weekday lighting profiles and created lighting 
profiles for the weekends, where none existed for the TAS model. 

Another significant adjustment made for the Evaluation was the generation of hourly results for the entire 
year. For the TAS, TRACE was used strictly as a design tool, which is the purpose for which the software 
was developed. Used in this manner, the program models heating and cooling design days to size 
equipment, then models average days for a limited number of daytypes (e.g. weekdays, Saturdays, 
Sundays, holidays) each month, extrapolating the results to the full respective months. This results in 
simulations based on averaged monthly weather for a limited number of day types. Providing hourly 
calculations and actual hourly weather allows the model to take into account variations in weather on an 
hour-by-hour basis. 

The installed, or as-built, model was compared to monthly utility billing data for the 2010 calendar year 
as an indication of how closely the model matched actual energy consumption. The installed model was 
then run with 30-year typical weather data (TMY3) to establish the as-built modeling results to be used in 
the determination of annual energy savings for the comprehensive package of ECMs. 

The baseline model was created by changing the as-built typical weather model inputs to reflect the 
performance of the assumed baseline conditions. Adjustments made to achieve the base case model 
include both those associated with the implemented ECMs and those identified as-built operating 
conditions not associated with or influenced by the ECMs (e.g. occupancy schedules). The difference 
between the base and installed models, under typical weather conditions, was taken as the evaluated 
annual energy and demand savings for the measure package.  

Additional TRACE runs were completed to disaggregate the modeled package savings into the nine 
TRACE-modeled individual measures. Each measure was modeled by adjusting the baseline model to 
reflect the changes made in the as-built model for that specific measure only. For each measure, the 
difference between its as-built model and the base case model was taken as the non-interactive measure 
savings. 

Summer and winter on-peak kW savings values were determined by taking the average modeled 
reduction in kW draw over the hours of the year specified for the respective summer and winter on-peak 
periods.  

Percent on-peak energy saved was determined by summing the hourly kW reductions identified for the 
on-peak period, defined as non-holiday weekday hours from 6 a.m. to 10 p.m. throughout the year. 
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Energy savings for ECM-9 were obtained employing the equations used in the TA analysis bin model for 
the ultrasonic humidifiers. After verifying the equations were appropriate, the bin model was altered to 
allow hourly calculations, using the same dry-bulb and relative humidity data incorporated into the 
Evaluation TRACE 700 models. This approach incorporated the cooling effect of the humidifiers and its 
impact on the data center cooling equipment. Both as-built and baseline humidifier energy consumption 
were calculated. The impacts of this measure were included in the determination of interactive measure 
savings as described above for the TRACE 700-modeled measures. 

Data were collected during the post-installation period to support verification of ECM implementation 
and operation, as well as the development of inputs to as-built TRACE model. Electric billing records and 
hourly weather data from a weather station located in Worcester, Massachusetts were also obtained for 
use in the calibration effort. 

Data sources included: discussions with the customer; construction plans for the installed conditions; 
interrogation of the EMS; contractors’ submittal literature; the WeatherBank weather data collection 
service; reference materials; the utility billing system; National Grid’s Energy Profile Online (EPO) 
service; and observations and measurements made during site visits.  

Trended data from the building’s EMS were recorded at 15-minute intervals from September 7, 2010 to 
January 7, 2011. Dataloggers and sensors were used to collect data on the ECMs installed in fan-powered 
boxes (five channels with multiple boxes) and lighting circuits affected by lighting controls. These data 
were collected between August 12 and November 10, 2010. Other types of data included one-time 
measurements of power draw on various pumps, plan drawings, submittals, nameplate data and screen 
shots of particular types of equipment obtained from the EMS. A table summarizing the data collected by 
various means for this Evaluation is provided in the Appendix. 

3.3. Evaluation Results 

3.3.1. Model Verification 
The TA Study utilized a TRACE 700 building simulation model to project building energy consumption 
for the base and proposed conditions. Energy savings for individual measures and the comprehensive 
package of recommended measures were calculated from the results of these models. 

Glazing areas obtained from plan takeoffs were found to not precisely match those in the TAS model, 
with a maximum variance of 11% for the northeast-facing exterior walls. The overall glass area was 
found to match within 1%. Due to the complexity of model adjustments and the minor impact of this 
issue, the Evaluation team selected not to make this adjustment in the Evaluation models. These 
discrepancies were considered well within an acceptable range and were not considered to have a 
significant impact on any differences between TAS and Evaluation results. 

3.3.2. Model Energy Use 
The TAS proposed energy model was used as the basis for developing an installed model for the 
Evaluation. Inputs to the installed model were derived from several data sources, including observations 
and one time measurements made during the Evaluation site visits; energy and temperature data logged 
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beginning in late summer and carrying past the end of the year; EMS trend data; construction 
documentation; manufacturer’s literature; discussions with facilities staff; and professional judgment. For 
calibration purposes, the model was run using actual hourly weather for the 2010 calendar year and the 
resulting energy consumption was compared to utility-metered electrical energy data. Table 3 below 
summarizes the billing and installed model data, which included the installed measures and base case 
modifications for the 2010 evaluation period.  

Table 3: As-built Building Model and Billing Data kWh 

2010  Model Data 
 (kWh) 

Billing Data 
 (kWh) 

% Diff 

Jan  200,519  295,280 -32.1% 
Feb  193,659  272,897 -29.0% 
Mar           

219,631  
287,416 -23.6% 

Apr           
234,458  

264,064 -11.2% 

May           
246,654  

269,341 -8.4% 

Jun           
276,170  

275,227 0.3% 

Jul           
291,798  

287,863 1.4% 

Aug           
282,522  

283,667 -0.4% 

Sep           
257,685  

265,319 -2.9% 

Oct           
222,477  

258,834 -14.0% 

Nov           
223,034  

269,519 -17.2% 

Dec           
217,683  

305,407 -28.7% 

Total  2,866,288  3,334,835 -14.1% 
 

Considerable effort was expended attempting to calibrate this model to within 10% of billing data on a 
monthly basis and within 5% on an annual basis. Throughout these efforts, the TRACE model retained an 
annual electric energy consumption profile that would be considered typical for a gas-heated building, 
i.e., a summer cooling peak with lower consumption in the colder months. In contrast, utility billing data 
showed an essentially flat profile with slight increases in July, January and December. The reason for this 
discrepancy was investigated, including discussions with site personnel, but no resolution was identified. 
The decision was made to proceed with the calibrated model as indicated in Table 3. A plot of the data 
presented in Table 3 is provided in Figure 1. 
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Figure 1: Building Calibration Model and Utility kWh Consumption 

The discrepancy between winter electric billing data and modeled electric energy consumption on 
Evaluation estimates of savings has little to no impact on the results for the ECMs. Because the as-built 
model matches summer billing consumption, it is assumed ECMs whose savings are based primarily on 
cooling loads are not significantly impacted by the winter discrepancy. Overall, the cooling end use 
accounts for 56 percent of the annual savings with the lighting end use adding another 25 percent. The 
remaining savings are split nearly evenly between heating (as reheat) and supply fans. Because the model 
outputs show space temperatures are maintained throughout the year, the heating end use is considered to 
have been modeled with reasonable accuracy. Those ECMs with heating interactions (two lighting and 
one glazing ECM) would be most likely to be impacted by the winter calibration discrepancy, but the fact 
that space temperatures are maintained argues against any such impacts as being significant. 

3.3.3. Annual Energy Savings 
The Evaluation of annual savings for the measure interactive package produced an estimate of savings 
that was greater than the tracking estimate as indicated in Table 4 below. The evaluated comprehensive 
measure savings was determined by running the TRACE installed model with typical weather data 
(TMY3 for Worcester) and comparing the Evaluation usage to the base case model estimated usage. 
Individual runs were made to determine measure savings. Individual measure runs do not include 
interactive effects with other measures. Individual measure savings are contained in Section 4.  

Table 4: Evaluated Annual Energy Savings 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 780,093 874,375 112.1% 
Total Interactive  717,256 881,787 122.94% 
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The values in Table 4 show the evaluated non-interactive savings to be quite close to those of the TAS. 
This is the result of compensating differences obtained from analysis of the individual measures. The 
corresponding values for individual measures ranged from a -102% to 278%. The negative comparison is 
one in which the Evaluation actually estimated an increase in energy consumption as a result of measure 
implementation. 

3.3.4. Percent Energy On-Peak Savings 
The Evaluation of percent energy savings that occurred during the on-peak period was slightly lower than 
the tracking estimate as indicated in Table 5 below. While the comparison of Tracking and Evaluated 
values indicates a good comparison, the Tracking method used to estimate percent of savings on-peak 
appears to be incorrect for at least nine of the ten ECMs. No equation was provided to allow evaluation of 
the approach used, but all of the nine ECMs modeled in TRACE were assigned the same value of 62 
percent. ECM-9 was not calculated in this way as this measure was calculated in a spreadsheet model 
rather than a TRACE model, but the method of that calculation was not clear. 

Table 5: Evaluated Percent Energy On-Peak Savings 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 62%1 59.1% 95.4% 

Total Interactive  62%1 61.2% 98.7% 
1These values appear to have been incorrectly calculated for all measures except ECM-9.  

3.3.5. Summer Peak Diversified kW Reduction 
The Evaluation estimate of summer peak diversified kW reduction is slightly lower than the tracking 
estimate, as shown in Table 6. As was the case for the percent savings on-peak, the Tracking estimate of 
these values was not clear, but did not appear to be done correctly. For all except ECM-9, kW reductions 
were entered for each month in the defined diversified peak periods, with an indication that there were 
only two hours in each month, both summer and winter. Average hourly reduction values were then 
calculated for each month by dividing the entered values by the number of hours (i.e. 2) per month and 
the resulting values averaged across the months. This approach would yield accurate results if the hourly 
reductions were constant over the diversified peak period and the values were entered correctly, but there 
is no means of checking this. The approach taken may have been necessitated by using TRACE as a 
design tool, rather than running the hourly simulation required to arrive at a meaningful peak diversified 
kW reduction. Comparisons of Tracking and Evaluation summer peak diversified kW reductions should 
not be taken as a meaningful reflection of the relative performances of the respective calculations for this 
Evaluation. 

ECM-9 was a bin spreadsheet model, and the determination of the summer peak diversified kW reduction 
was not performed in the same manner as for the other ECMs, but the source of values used in the 
calculation was not clear. 
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Table 6: Evaluated Summer Peak Diversified kW Reduction 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 2511 193.2 77.0% 

Total Interactive  199 188.8 94.9% 
1Sum of summer kW for all measures. 

3.3.6. Winter Peak Diversified kW Reduction 
A comparison of the Tracking and Evaluated estimates of winter peak diversified kW reductions is less 
favorable than the corresponding summer value; however, the same caveats set forth for the TAS summer 
values apply here. While the Evaluation annual energy savings exceeds the Tracking estimate, six of the 
ten ECMs showed less winter peak diversified kW reduction in the Evaluation and two others showed no 
change. The non-prescribed approach used in determining the Tracking values makes it difficult to 
determine this apparent potential discrepancy. The Evaluation’s use of hourly demand values applied 
according to prescribed calculation procedures more is believed to more realistically portray the actual 
demand reductions. Winter peak kW reductions are summarized in Table 7. 

Table 7: Evaluated Winter Peak Diversified kW Reduction 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 2451 107.8 44.0% 

Total Interactive  218 107.6 49.3% 
1Sum of winter kW for all measures.  

3.3.7. Non-electric Benefits 
Non-electrical impacts on natural gas consumption were identified by the Evaluation. While gas savings 
were reported in the TAS, the Evaluation found that total gas consumption increased as a result of 
implementing the measures. These estimates are listed in Table 8. 

All measures with interactive gas effects have been included in the Evaluation TRACE model of the 
electrical measures in this Evaluation. The non-electrical benefit that was expected based on the TA 
analysis was from gas energy savings interactive with the electrical savings. Table 8 lists the non-
interactive and interactive Tracking and Evaluation savings estimates for gas impacts.  

For the tracking estimates presented in the TA Study, two measures (ECM-3, DDC upgrade and ECM-5, 
low-e glazing) were reported to save gas in conjunction with electrical savings. However, the TAS 
identified no penalty for heating impacts arising from measures that decreased internal gains. The 
Evaluation found a significant increase in gas consumption due to demand controlled ventilation, 
presumably as a result of ventilation rates being increased to avoid high CO2 concentrations during 
inopportune weather conditions. This affect is discussed further in Section 4.3. Smaller gas penalties were 
also identified in the Evaluation for the lighting measures. The glazing measure (ECM-5) was the only 
measure reported to result in gas savings. 
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Table 8: Evaluated Total Gas Savings in therms 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 149 -14,8111 -10,000% 
Total Interactive  274 -23,6151 -8,720% 
1As-built modeled gas consumption increased when DCV was specified; adjustment to the baseline model was required 

to obtain commensurate gas consumption.  

To model demand controlled ventilation for ECM-3, TRACE required the ventilation rate to be 
determined by a specific algorithm. Employing this approach resulted in a significant increase in modeled 
gas consumption. Because this ventilation algorithm is required to model DCV, it was also instituted in 
the baseline for the non-interactive evaluation of ECM-3. In order to have ECM-3 properly accounted for 
in the interactive model, this algorithm was again instituted for the interactive model baseline.  
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4. MEASURE-LEVEL ANALYSIS AND RESULTS 
4.1. ECM-1 Evaporatively-cooled DX Compressors 

4.1.1. Tracking Estimate Approach 
Measure description 

Install evaporatively-cooled DX condensers on five of the six air handling units. 

The base case for this ECM is six air-cooled DX condensers installed on the six rooftop RTUs. The 
modeled RTUs range in capacity from 16 tons to 122 tons. The kW/ton characteristics of the 
compressors/condensers as mandated by Massachusetts Building Code are listed in the Table 9. 

Table 9: Massachusetts state code for kW/Ton for compressors/condensers 

Base Cooling Tons Compressors kW/ton Condenser Fans kW/ton 
RTU - 1, 2(each) 122 1.13 0.04 
RTU – 3 (Kitchen) 64 1.13 0.04 
RTU - 4 97 1.13 0.04 
RTU - 5 58 1.13 0.04 
RTU – 6 (Bridge) 16 1.10 0.04 

 

The proposed measure employed optional evaporatively-cooled DX condensers instead of standard air-
cooled DX condensers on RTUs 1-5. Energy savings realized by this equipment upgrade are somewhat 
offset by the addition of a pump in each unit to spray water on the condenser coils. The characteristics of 
these cooling system upgrades are listed in Table 10. 

Table 10: Efficient cooling system kW/Ton for compressors/condensers 

Base Cooling Tons Compressors kW/ton Condenser Fans kW/ton Sump Pump kW 
RTU - 1, 2(each) 122 0.86 0.04 2.59 
RTU - 3 64 0.79 0.04 1.78 
RTU - 4 97 0.88 0.04 2.59 
RTU - 5 58 0.81 0.04 1.78 

 

Post-Installation Inspection notes: 5 of the 6 RTUs received evaporatively-cooled condensers. RTU-1 was 
inspected and found not to be the model described in the TA Study. The installed RTU is oversized as 
compared with the study RTU. RTUs 2-5 were verified to have been installed but were not field 
inspected. Contractor submittals indicate RTU-2 is identical to RTU-1. The measure was deemed to be 
noncompliant because the fan sizes of RTUs 1 & 2 were greater than the proposed fan sizes. 
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Analysis Method 

The energy saving potential for this measure was determined by changing the compressor efficiencies and 
adding pumping power for each of the affected RTUs as indicated in Table 9 and Table 10. The 
difference in the TRACE model-estimated energy consumption between the baseline and the proposed 
building quantified the energy saving potential. 

4.1.2. Evaluation Approach 
Data Gathered 
EMS data: not applicable. 

Short term metering: not applicable. (Planned short-term measurement of condenser fans and sump 
pumps could not be accomplished due to inaccessibility of locations to make electrical connections). 

One time measurements (and other data sources): Data to support the Evaluation were obtained from a 
review of the contractor submittals, plan mechanical schedules and field identification of the RTU-1 
model number. 

Verification 
Measure verification was accomplished by confirming consistent information among the construction 
drawings mechanical schedule, the contractor submittals and nameplate data for RTU-1. The Evaluation 
model was based on specifications provided in the submittals. 

Analysis Method 
For the Evaluation, the installed measure was analyzed using the methods described in Section 3.2. A 
comparison of the changes made between the base and proposed or installed models for the TAS and 
Evaluation are provided in Table 11. As indicated in this table, the TAS model improved the cooling 
efficiency of the RTUs, but did not indicate evaporative condensers as a heat rejection mechanism. 

Table 11: ECM-1 Key Modeling Parameters 

Definition 
RTU 

Numbers 
TAS TRACE 

Model 
Evaluation TRACE 

Model Sources 

Full-Load Compressor 
Efficiency (kW/Ton) 

1 & 2 
Proposed 0.86 
Base case 1.13 

Installed 0.86 
Base case 1.13 

TAS, 
Drawings, 
Submittals, 
Field 
Observation 

3 
Proposed 0.79 
Base case 1.13 

Installed 0.81 
Base case 1.13 

4 
Proposed 0.88 
Base case 1.13 

Installed 0.83 
Base case 1.13 

5 
Proposed 0.81 
Base case 1.13 

Installed 0.76 
Base case 1.13 

Heat Rejection Equipment All Air-cooled condenser Evaporative condenser TRACE Models 

Condenser Sump Pump kW 
(proposed/installed case only) 

1 & 2 5.18 (total) 5.18 (total) 

TRACE Models 
3 1.78 1.78 
4 2.59 2.59 
5 1.78 1.78 
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4.1.3. Evaluated Savings  
Evaluated annual kWh savings for ECM-1 were found to be 73.6% of those estimated in the TAS. The 
TAS model did not specify the heat rejection equipment for the RTUs as evaporatively-cooled 
condensers, as was done for the Evaluation. The impact of these model differences is uncertain because 
the outputs from the reduced-year approach used in the TAS are not directly comparable to the hourly 
calculations of the Evaluation. Although in general they would be expected to be approximately the same, 
differences could easily arise when hourly weather conditions vary from the average values assumed for 
the reduced-year calculations. 

In addition, adjustments made to the TAS model to more accurately reflect actual building equipment and 
operations in the Evaluation model may have influenced the cooling loads on the RTUs. Implementation 
of supply air temperature reset is a case in point, as it would presumably reduce the cooling load as 
compared to the TAS model, thus providing less potential for savings from the evaporative condensers.  

Table 12: ECM-1 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 88,608 65,242 73.6% 
Percent Energy On-peak 62% 87.1% 140.5% 
Summer Peak Diversified kW  109.2 62.3 57.1% 
Winter Peak Diversified kW  0.0 0.0 100% 

 

The Evaluation percent on-peak savings are significantly greater than the corresponding TAS value due to 
a difference in methods of calculation. The TAS appears to have calculated this parameter once for the 
overall project and applied the result to each ECM modeled in TRACE; Section 3.3.4 provides a more 
detailed description. The Evaluation savings value takes into account hourly weather and schedule 
variations to more accurately determine this value. The Evaluation value is greater because schedules shut 
off the equipment for significant portions of the year, thereby concentrating more of the savings in the on-
peak periods 

The method used in the TAS to determine summer and winter peak diversified kW reductions is not 
described, but for each ECM, a standard summary results sheet was included in the TAS report. Based on 
the values entered in these tables, the TAS peak diversified kW savings were not calculated correctly and 
are not comparable to the Evaluation values in a meaningful way. More detailed descriptions are provided 
in Sections 3.3.5 and 3.3.6 of this report. 

4.2. ECM-2 Equip Fan Powered Boxes with ECM Motors 

4.2.1. Tracking Estimate Approach 
Measure Description 

Install electronically commutated motors (ECMs) in 117 fan powered boxes. 
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The office areas of the facility were assumed to employ fan-powered boxes throughout to condition their 
areas. These units are typically equipped with fractional horsepower standard permanent split capacitor 
(SPC) motors with silicon controlled rectifiers (SCRs), which allow fan speeds to be set according to 
required airflows. 

SPC motors deliver maximum efficiency at a specific voltage, load and speed. At other conditions the 
efficiency of these motors drops off dramatically. The TAS provided the values in Table 13 as 
representative of the base case and proposed total kW values that would be incurred by the respective 
baseline fan motor types. The actual derivation of these numbers was not provided, but the TAS includes 
a note that the baseline motors typically operate between 0.2 and 0.3 W/cfm and proposed ECMs 
typically operate between 0.1 and 0.2 W/cfm. 

Table 13: Fan powered boxes kW values assumed for the Tracking Estimates 

Unit Air 
Quantity 

No. of Fan Powered 
Boxes 

Fan Powered Boxes – 
Baseline kW 

Fan Powered Boxes – 
Measure kW 

RTU - 1, 2(total) 70,000 69 19.5 11.7 
RTU - 3 15,000 6 2.4 1.4 
RTU - 4 25,000 34 10.1 6.1 
RTU - 5 12,000 8 2.4 1.4 

 

Analysis Method 

The TAS simulated energy savings for this ECM in the TRACE model by first calculating terminal fan 
kW for both the base case and proposed conditions for 117 terminal units spread across the RTUs as 
indicated in Table 13. The resulting values were then entered as exhaust fan power in the respective 
rooms served by the RTUs according to the specifications provided in Table 13. TRACE does not allow 
specification of quantities of terminal boxes; rather the type of box is indicated and TRACE determines 
the overall required capacity of the boxes to meet the space conditioning loads. 

The difference in output results between the baseline and the proposed building simulations quantified the 
energy saving potential. The TRACE model influenced energy savings according to the exhaust fan 
schedules; however, in essence, savings were identified by calculations outside the TRACE program and 
“hard-coded” into the model. 

4.2.2. Evaluation Approach 
Data Gathered 

EMS data: Not applicable. 

Short term metering: Short-term metering of 12 electrical circuits serving fan-powered boxes commenced 
August 10 and ended November 10, 2010. Because the circuits included both fan and reheat electric usage 
and some circuits included multiple FPBs, it was not possible to extract box-specific information from the 
data. 
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One-time measurements (and other data sources): One-time measurements of FPB kW values were 
obtained for electrical circuits serving five fan-powered boxes. Measurements were taken when heating 
coils were off. 

Verification 

The presence of ECMs in fan-powered boxes was verified from submittals provided to the site by the 
installing contractor. 

Analysis Method 

For the Evaluation, the TAS proposed model was modified to allow both fan-powered boxes and standard 
minimum-flow VAV boxes to be modeled. This required the creation of additional systems to serve the 
perimeter zones. The added systems were specified as having fan-powered boxes while the interior spaces 
were modeled with VAV boxes. 

The ECMs were modeled in TRACE by using the TRACE default ECM fan power draw of 0.0002 
kW/cfm. This value was corroborated based on results of measurements made on ECMs in FPBs and 
presented in a white paper ("ECM Motors in Series Flow Fan Powered Terminals and Unit Ventilators"; 
Jenny Abney; Dan Int-Hout; Gordon Jones; July 7, 2000). We derived an average value of 0.000215 
kW/cfm from the data in the white paper before identifying the TRACE default value. 

A base case value of 0.0004 kW/cfm for the FPBs was also derived from data in the same white paper 
referenced in the previous paragraph.  These derivations are described in detail in Section 5.1.2. 

Table 14 summarizes the key measure parameters for this measure. Input parameters are different for the 
TAS and Evaluation models because different methods were employed. 

Table 14: ECM-2 Key Modeling Parameters 

Parameter Definition  
TA Study  

Model  
Evaluation  

Model  
Source  

Terminal box 
type 

Serial Fan-Powered Boxes 
(FPBs) or minimum flow 
variable air volume (VAV) boxes 

FPBs only 
FPBs in perimeter 

spaces, VAV boxes in 
interior spaces 

TAS model, 
Mechanical plans 

Terminal box 
fan power 

Sum of terminal unit fan power 
expressed as exhaust fan power 
in individual spaces 

Refer to 
Table 13 Not Applicable TAS model 

Terminal box 
fan efficiency 

Power draw per cfm applicable to 
all FPBs 

Not 
Applicable 

Installed 0.0002 kW/cfm 
Base 0.0004 kW/cfm  

 

White paper, 
TRACE default, 

one-time 
measurements 

 

4.2.3. Evaluated Savings  
The Evaluated kWh savings for this measure are greater than the TAS value primarily due to the 
difference in the methods used to model the savings. The TAS approach effectively modeled a 13.8 kW 
reduction in exhaust fan energy for approximately 2,580 full-load fan hours. An efficiency improvement 
of 40% was assumed based on the values provided in Table 13. The Evaluation allowed for a 50% 
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efficiency improvement and, as modeled, the FPBs could run during unoccupied hours to maintain space 
temperatures by recirculating plenum air in the spaces, thus incurring more run hours and accumulating 
greater savings. 

Table 15: ECM-2 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 35,626 73,659 206.8% 
Percent Energy On-peak 62% 89.7% 144.7% 
Summer Peak Diversified kW  21.0 22.5 107.1% 
Winter Peak Diversified kW  13.0 11.0 84.6% 

 

The Evaluation percent on-peak savings are significantly greater than the corresponding TAS value due to 
a difference in methods of calculation. The TAS appears to have calculated this parameter once for the 
overall project and applied the result to each ECM modeled in TRACE; Section 3.3.4 provides a more 
detailed description. The Evaluation savings value takes into account hourly schedule variations to more 
accurately determine this value. The Evaluation value is greater because schedules shut off the equipment 
for significant portions of the year, thereby concentrating more of the savings in the on-peak periods. 

The method used in the TAS to determine summer and winter peak diversified kW reductions is not 
described, but for each ECM, a standard summary results sheet was included in the TAS report. Based on 
the values entered in these tables, the TAS peak diversified kW savings were not calculated correctly and, 
in essence, are not comparable to the Evaluation values in a meaningful way. More detailed descriptions 
are provided in Sections 3.3.5 and 3.3.6 of this report. 

4.3. ECM-3 DDC Upgrade 

4.3.1. Tracking Estimate Approach 
Measure description 

Upgrade DDC system to include automation control strategies including enthalpy economizer and 
demand-controlled ventilation. Although credit for the enthalpy economizer controls was taken in the 
Tracking Estimate of savings, this part of the measure was not implemented. 

Analysis Method 

The energy saving potential for this measure was determined by changing the economizer control method 
from dry bulb to a proportional enthalpy economizer and including modeled input from CO2 sensors to 
modulate the outdoor air dampers. TRACE determines ventilation requirements using an ASHRAE 
Standard 62 algorithm using occupant density as an input. Beyond this input, the modeler has little 
influence in determining DCV-determined ventilation rates. The difference in output results between the 
baseline and the proposed building simulation quantified the energy saving potential. 



MA CDA Impact Evaluation National Grid Project 526633 

24  SBW Consulting, Inc.  

4.3.2. Evaluation Approach 
Data gathered 

EMS Data: Return air CO2 concentrations (ppm), minimum OA damper position (%), economizer damper 
positions (%), and OA dry-bulb temperatures. 

One time measurements (and other data sources): Screen shots of EMS CO2 control setpoints for each 
affected RTU. 

EMS trend data were obtained to verify the performance of the measure as well as to determine specific 
inputs for the Evaluation TRACE model. Data were reviewed and plotted to evaluate the relationships 
among the various parameters.  Samples of this data are shown in Section 5.1.3. 

Verification 

The lack of enthalpy economizer controls was indicated first by site personnel and was then verified by a 
distinct economizer shutdown at a dry-bulb OA temperature of 60°F. Had enthalpy controls been 
installed, this cutoff point would not be as clearly indicated as it is on the respective RTU plots. At 
temperatures above 60°F only the minimum outside air damper was modulating, presumably in response 
to ventilation requirements. 

Screen shots of minimum OA damper flow setpoints and the CO2 concentrations at which those damper 
positions are to occur were obtained to inform the analysis of trended data. A summary of the setpoints is 
provided in Table 16. While the flow values in Table 16 cannot be directly compared to the % damper 
position trend data because damper position and flow rates are not necessarily linearly related, the values 
provided do indicate the minimum outside air dampers are programmed to be adjusted in proportion to the 
return air CO2 concentration.  

Table 16: Minimum OA Flow Reset Values for DCV 

 RTU-1 RTU-2 RTU-3 RTU-4 RTU-5 RTU-6 
Low CO2 Value (ppm) 600 600 600 600 600 NA 
Minimum OA Flow Setpoint (cfm) 100 100 100 200 50 NA 
High CO2 Value (ppm) 1000 1000 1000 1000 1000 NA 
Minimum OA Flow Setpoint (cfm) 800 600 600 600 500 NA 

 

Review of plots of minimum OA damper position and RA CO2 concentrations show a good relationship 
between minimum OA damper position and RA CO2 when outside air temperatures are above 60°F. 
Below this temperature, economizer dampers are operating to take advantage of free cooling and the 
minimum outside air dampers operate in parallel with the economizers. During these periods, CO2 
concentrations are kept well below 600 ppm. The economizer dampers close at temperatures above 60°F 
and the minimum OA damper provides sufficient ventilation air to keep RA CO2 concentrations from 
exceeding 600 ppm by very much. Plots for RTUs 1- 4 are provided in the Appendix. 
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Analysis Method 

For each RTU, the economizer control type was set to “dry-bulb temperature” with a shutdown setpoint 
of 60°F in both the installed and baseline models. For the installed model only, DCV controls were set to 
be applied with a single-setpoint type of control. Sensors were specified as located in the return air ducts. 
TRACE then determined the CO2 concentrations that would accumulate in the respective return air ducts 
based on occupancy levels and indicated occupant activities, as well as the response of the minimum OA 
damper. 

Table 17 summarizes the key measure parameters that were utilized in the TAS proposed model and how 
they were changed for use in the Evaluation installed TRACE model. These changes reflect the installed 
measure conditions as determined from observations and collected trend and logger data. 

Table 17: ECM-3 Key Modeling Parameters for Proposed and Installed models 

 Definition  
TA Study  

Model  
Evaluation  

Model  
Source  

Economizer Control 
Type Economizer control parameter Dual Enthalpy Dry-bulb 

TAS model 
EMS trend data 

Economizer Shutdown 
Point 

Value of control parameter 
when economizer dampers are 

closed 
OA enthalpy > RA enthalpy OATdb > DATdb-Fan 

Heat dT 
TAS model 
Site Staff 

Minimum OA Minimum air permitted by OA 
damper 0 0 

TAS Model 
EMS setpoints 
EMS Trends 

DCV Min OA Control Min OA damper control Proportional Proportional 
TAS Model 

 EMS Trends 

CO2 Sensor Location 
TRACE requires this variable to 
be set to “Room” for DCV to be 

in effect 
None 

Actual location: RA 
Model location: Room 

TAS Model 
EMS Schematic 

 

4.3.3. Evaluated Savings  
ECM-3 was found to consume slightly more energy than the base case. The reason there is essentially no 
match between the TAS and Evaluation savings model is that different measures were modeled. The TAS 
assumed enthalpy economizer controls would be in place, but failed to specify CO2 sensor locations as 
being in the rooms, which negates the effect of setting other parameters in TRACE to provide DCV. For 
the Evaluation, it was discovered that enthalpy economizers were not installed, but DCV was, so the 
Evaluation installed model included DCV but not enthalpy economizers. 

TRACE does not provide outputs that allow investigation of outside air quantities for any period other 
than for the heating and cooling peak loads. While DCV should allow minimum outside air dampers to 
close further than would be the case for a non-DCV minimum OA air setting, which would save energy, 
the methods employed by TRACE are not known. It may be that the minimum OA dampers were actually 
modeled to allow more outside air to keep CO2 concentrations in check, based on building occupancy 
schedules, thereby increasing the energy required to condition the ventilation air. TRACE allows DCV to 
be implemented, but does not allow specification of CO2 concentration limits. 
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Table 18: ECM-3 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 76,540 -1,718 -2.2% 
Percent Energy On-peak 62% 98.8% 159.4% 
Summer Peak Diversified kW  10.0 -3.4 -134% 
Winter Peak Diversified kW  0.0 0.0 100% 

 

The Evaluation percent on-peak impacts are significantly greater than the corresponding TAS value due 
to a difference in methods of calculation. The TAS appears to have calculated this parameter once for the 
overall project and applied the result to each ECM modeled in TRACE; Section 3.3.4 provides a more 
detailed description. The Evaluation savings value takes into account hourly schedule variations to more 
accurately determine this value. The Evaluation value is greater because the measure is only effective 
during occupied periods, which coincide with on-peak periods, thereby concentrating more of the impacts 
in the on-peak periods. To clarify, for this ECM the energy increases occurred essentially entirely during 
on-peak hours. 

The method used in the TAS to determine summer and winter peak diversified kW reductions is not 
described, but for each ECM, a standard summary results sheet was included in the TAS report. Based on 
the values entered in these tables, the TAS peak diversified kW savings were not calculated correctly and, 
in essence, are not comparable to the Evaluation values in a meaningful way. More detailed descriptions 
are provided in Sections 3.3.5 and 3.3.6 of this report. 

4.4. ECM-4 Premium Efficiency Motors 

4.4.1. Tracking Estimate Approach 
Measure description 

This measure recommended installation of 16 premium efficiency motors in place of standard efficiency 
motors on RTU supply and return fans, chilled water pumps and selected exhaust fans. 

The horsepower and efficiency for each affected motor is tabulated in Table 19 for both the base and 
proposed cases. 

Table 19: TAS base and proposed full load power motor draw and percent improvement 

Fan/Pump HP 
Base 

Full Load kW 
Proposed Full Load kW Proposed % Improvement 

RTU – 1 & 2 
(SF/RF) 

50/25 68.2 / 30 67.4 / 29.3 1.2% / 2.4% 

RTU – 3 (SF/RF) 25/10 15.2 / 6.4 14.9 / 6.2 2.0% / 3.2% 
RTU – 4 (SF/RF) 40/15 25.1 / 10.0 24.8 / 9.8 1.2% / 2.0% 
RTU – 5 (SF/RF) 20/7.5 12.3 / 4.6 12.0 / 4.5 2.5% / 2.2% 
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Fan/Pump HP 
Base 

Full Load kW 
Proposed Full Load kW Proposed % Improvement 

RTU - 6 (Bridge) 
(SF) 

15 7.8 7.8 0% 

CHWP – 1, -2 1 15 12.3 kW 12.0 kW 2.5% 
EF – 2 1.5 

3.443 3.333 3.3% EF – 3 2.0 
EF – 4 3.0 2 
1 -A third chilled water pump was found installed with a premium efficiency motor; its presence does not influence energy consumption as only 

one chilled water pump operates at any one time 
2 -This motor was found to be a 2-hp exhaust fan motor 
3 -These values were entered as a single exhaust fan in the kitchen 

Analysis Method 

The energy saving potential for this measure was determined by changing the motor full load power draw 
of the 16 affected motors. The efficiencies were based on motor manufacturer’s data. The standby chilled 
water pump was not considered in this analysis; because only one chilled water pump operates at a time, 
savings are effectively modeled as a single pump operating throughout the year. The motors in this 
analysis were assumed to be open drip proof with a synchronous speed of 1,800 RPM. The formula that 
was used to calculate electrical consumption is given by: 

kW = HP x LF x 0.746 / motor efficiency, 

where HP is the nameplate motor horsepower and LF is the motor load factor. Load factor values were 
not provided in the TAS to allow verification of the calculated full load kW for each motor. 

The difference in output results between the baseline and the proposed building simulation quantified the 
energy saving potential. 

4.4.2. Evaluation Approach 
Data gathered 

EMS Data: Not applicable 

Short term metering: Not applicable 

One time measurements (and other data sources): Observation of nameplate data 

Direct observation of motor nameplate data was made for seven of the 16 affected motors. The remaining 
motors were assumed to have been upgraded to premium efficiency motors and efficiencies were obtained 
from a list of NEMA efficiencies. 

Verification 

Nameplates for seven of the affected motors were observed and monitored. Other motors were assumed to 
have been upgraded to premium efficiency motors and efficiency values were obtained from a listing of 
NEMA efficiency standards. Exhaust fan motors were not directly observed, but motor horsepower and 
synchronous speed were obtained from catalog data. Premium efficiencies for these motors were not 
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available in the NEMA efficiency standards and premium efficiency motors for these motors is assumed 
not to exist, thus the base and installed cases show the same efficiencies. 

Table 20. Evaluation base and installed case motor efficiencies 

Fan/Pump HP RPM Enclosure 
Type Base Installed  Installed % 

Improvement 
RTU – 1 & 2 
(SF/RF) 

50/25 1800 TEFC 69/19.9 kW 
93.0 / 92.4 % 

eff 

69/19.9 kW 
94.5 / 93.61 % 

eff 

1.6% / 1.3% 

RTU – 3 
(SF/RF) 

25/10 1800 TEFC 24.3/9.8 kW 
92.4 / 89.5 % 

eff 

24.3/9.8 kW 
93.6 / 91.7 % eff 

1.3% / 2.5% 

RTU – 4 
(SF/RF) 

40/15 1800 TEFC 24.3/9.8 kW 
93.0 / 91.0 % 

eff 

24.3/9.8 kW 
94.1 / 92.41 % 

eff 

1.2% / 1.5% 

RTU – 5 
(SF/RF) 

20/7.5 1800 TEFC 13.1/4.5 kW 
91.0 / 89.5 % 

eff 

13.1/4.5 kW 
93.0 / 91.7 % eff 

2.2% / 2.5% 

RTU - 6 
(Bridge) 
(SF) 

15 1800 TEFC 7.6 kW 
91.0 % eff 

7.6 kW 
92.4 % eff 

1.5% 

CHWP – 1, -2, -
3 

15 1800 ODP 7.2 kW 
91.0 % eff 

7.2 kW 
93.01 % eff 

2.2% 

EF – 2 1.5 900 TEFC 77.0 77.0 2 0% 
EF – 3 & 4 2.0 900 TEFC 82.5 82.5 2 0% 
1 – Data from motor nameplate 
2 – Nameplates not observed; no premium efficiency NEMA listings for these motors 

Analysis Method 

For each motor, nominal efficiency was entered in the respective base and installed case models to reflect 
the effect of the different motor efficiencies. The difference in energy consumption between the two 
models provided annual energy savings. 

Table 21: ECM-4 Key Modeling Parameters 

Parameter Definition 
TA Study 

Model 
Evaluation 

Model Source 

Motor full-
load kW 

Motor power draw at full 
load 

Base: 
Calculated base kW 

Proposed: 
Calculated proposed 
kW 

Not changed between 
base and installed 

TAS TRACE 
Model 
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Parameter Definition 
TA Study 

Model 
Evaluation 

Model Source 

Motor 
efficiency 

Nominal motor 
efficiencies for affected 
motors. 

Not changed between 
base and proposed 

Base: 
NEMA Epact 
efficiencies 

Installed: 
NEMA Premium 
efficiencies 

Motor 
Nameplates, 

NEMA 
Efficiency ratings 

 

4.4.3. Evaluated Savings  
Evaluated savings for this measure are 24.8% of those claimed in the Tracking estimate. Although the 
modeling techniques were different for the Tracking and the Evaluation models, comparing the respective 
percent improvement values for the two approaches does not indicate a difference of this magnitude. 
Adjustments made to the TAS TRACE model to more accurately reflect actual building performance may 
have influenced the savings. 

Table 22: ECM-4 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 6,572 1,627 24.8% 
Percent Energy On-peak 62% 52.9% 85.3% 
Summer Peak Diversified kW  2.7 0.3 11.1% 
Winter Peak Diversified kW  2.0 0.02 1.0% 

 

The Evaluated percent on-peak savings being lower than the Tracking estimate is influenced by the 
continuous operation of the chilled water pumps, one of which operates continuously. The TAS appears 
to have calculated this parameter once for the overall project and applied the result to each ECM modeled 
in TRACE; Section 3.3.4 provides a more detailed description. The Evaluation savings value takes into 
account hourly weather and schedule variations to more accurately determine this value. 

The method used in the TAS to determine summer and winter peak diversified kW reductions is not 
described, but for each ECM, a standard summary results sheet was included in the TAS report. Based on 
the values entered in these tables, the TAS peak diversified kW savings were not calculated correctly and, 
in essence, are not comparable to the Evaluation values in a meaningful way. More detailed descriptions 
are provided in Sections 3.3.5 and 3.3.6 of this report. 

Peak diversified kW reductions are very low for both the Tracking and the Evaluation in both seasons. 
The Evaluated savings are lower than expected, but the reason for these values was not identified. 
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4.5. ECM-5 High Performance Glazing 

4.5.1. Tracking Estimate Approach 
Measure description 

This measure resulted in the installation of glazing with improved performance when compared to 
baseline glass performance. 

Approximately 43% (15,335 ft2 glazing) of the above grade wall area is covered with glazing. 

Table 23 provides the thermal and optical characteristics assumed for the base case used for the TAS and 
the Evaluation, as well as the proposed and installed values for the respective models.  

Table 23. Glazing characteristics for the TAS and Evaluation models 

TAS & Eval TAS Evaluation As-Built Specifications
Baseline Proposed (From the Glazing Manufacturer)

Glass Type Double Coated 
1/4"

1/4" Clear - Low 
E G1 G2 G3

Panes 2 1 1 2 2 2

Summer u-factor 0.5 0.32 0.26 0.26 0.26

Shading coefficient 0.55 0.5 0.32 0.37 0.33

Visible transmissivity 0.301 0.4 0.64 0.56 0.49

Inside visible reflectivity 0.199 0.65 0.12 0.11 0.1

Solar transmissivity 0.276 0.34 0.25 0.2 0.17

Inside solar reflectivity 0.17 0.74 0.53 0.13 0.08

Outside long wave emissivity 0.84 0.84 0.84 2 0.84 2 0.84 2

Inside long wave emissivity 0.84 0.84 0.84 2 0.84 2 0.84 2

1 - This is an apparent inadvertent error. Specified thermal performance characteristics should compensate for this error.
2 - These values were not provided by the manufacturer.  

Analysis Method 

The energy-saving potential for this measure was determined by changing the thermal and optical 
characteristics of the glazing as indicated for the TAS model in Table 23. The difference in simulated 
energy consumption between the two models was used to quantify energy savings for the building. 

4.5.2. Evaluation Approach 
Data gathered 

EMS Data: Not applicable. 

Short term metering: Data not applicable. 

One time measurements (and other data sources): Construction plan elevations with glazing 
specifications. 
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Takeoffs from the construction plans were performed to obtain the locations and relative quantities of 
each installed glass type. Submittals from the installing contractor provided the thermal and optical 
characteristics of each glass type and are provided in Table 23 above. 

Verification 

It was not possible to verify by inspection the specified glass types were installed. The submittals 
provided by the installing contractor and the glass specifications in the plan elevations were assumed to 
be accurate. 

Analysis Method 

For the Evaluation, individual windows in the TRACE model were specified as glass-type G1, G2 or G3 
according to the locations obtained from the plan takeoffs. The properties of each of these glass types 
were specified as provided in Table 23. The base case model was left with all glazing having the 
properties indicated for the base case in Table 23. The key modeling parameters for this measure are 
provided in Table 24 

Table 24: ECM-5 Key Modeling Parameters 

Parameter Definition 
TA Study 

Model 
Evaluation 

Model Source 

Glazing 
properties 

Thermal and optical properties of 
glazing in the building  See Table 23 See Table 23 

TAS, 
Manufacturer 
specifications 

 

4.5.3. Evaluated Savings 
Evaluated energy savings for ECM-5 exceed the Tracking estimate by 23.5% due to the improved glass 
characteristics, both thermal and radiant, of the installed glass compared to the TAS proposed glazing. 

Table 25: ECM-5 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 124,410 153,708 123.5% 
Percent Energy On-peak 62% 42.9% 69.2% 
Summer Peak Diversified kW  18.0 46.9 260.6% 
Winter Peak Diversified kW  107.0 -18.6 -117.4% 

 

The Evaluation percent on-peak savings are less than the corresponding TAS value due to a difference in 
methods of calculation. The TAS appears to have calculated this parameter once for the overall project 
and applied the result to each ECM modeled in TRACE; Section 3.3.4 provides a more detailed 
description. The Evaluation savings value takes into account hourly weather and schedule variations to 
more accurately determine this value. 

The method used in the TAS to determine summer and winter peak diversified kW reductions is not 
described, but for each ECM, a standard summary results sheet was included in the TAS report. Based on 
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the values entered in these tables, the TAS peak diversified kW savings were not calculated according to 
the methods prescribed for the Evaluation by National Grid and, in essence, are not comparable to the 
Evaluation values in a meaningful way. The relative values of the tracking estimates of seasonal peak kW 
reductions are unusual in that the winter value would be expected to be lower than the summer value due 
to reductions in solar gains that would offset some heating load in the winter. Reductions in summer solar 
load would reduce the cooling load for the building. More detailed descriptions of the methods used to 
calculate these values for the TAS are provided in Sections 3.3.5 and 3.3.6 of this report. 

The summer peak diversified kW reduction is greater than the tracking estimate due to improved glass 
characteristics used in the Evaluation. As compared to the TAS model, there is less solar gain and, to a 
lesser extent, heat transfer into the building is reduced when outside air temperatures exceed space 
temperatures in the building. These advantages occur primarily during the hours that define the summer 
diversified peak period. 

The Evaluation shows an increase in kW draw during the winter peak diversified period. The reason for 
the increase in demand during the winter peak diversified kW period is uncertain, although it is likely 
associated with reduced solar gain that would reduce electric reheat in the perimeter spaces. 

4.6. ECM-6 Lighting Control Upgrades 

4.6.1. Tracking Estimate Approach 
Measure description 

ECM-6 was to install 130 occupancy sensors in private offices throughout the building. 

Post-Installation Inspection notes: The private office areas have functioning occupancy sensors installed. 
The exact number of sensors and the hours of operation were not confirmed. 

Analysis Method 

For the TAS base case, the private office areas were modeled with lighting power densities (LPDs) of 1.3 
W/ft2. Lighting circuits were assumed to be on only non-holiday weekdays with a lighting profile at 
100%-on between the hours of 8 A.M. and 5 P.M. and on at lesser percentages from 6 A.M. to 8 AM and 
from 5 P.M. to 7 PM. 

The energy saving potential for this measure was determined by assuming a 30% electrical savings from 
the occupancy sensors during the hours of 8 A.M. to 5 P.M., primarily in perimeter spaces in the building. 
The lighting reduction for the proposed case was modeled by reducing the base case lighting schedule 
hourly percent-on values by 30% during the specified hours. For hours outside this time frame, lighting 
schedules were not changed from the base case schedules. This schedule change was applied primarily to 
perimeter areas in the building. No criteria for the selection of spaces to receive this treatment were 
specified. In general, areas in the model are not grouped by usage type; several different types of space 
uses may be included in any one model area. The difference in output results between the baseline and the 
proposed building simulation quantified the energy saving potential. 
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4.6.2. Evaluation Approach 
Data gathered 

EMS Data: Not applicable 

Short term metering: 15 light loggers deployed in a sample of offices throughout the building; amp 
loggers on 12 lighting circuits in different areas of the building; data collected between early August and 
early November, 2010. 

One time measurements (and other data sources): Lighting plans were used to qualitatively determine 
areas affected by occupancy controls. 

Lighting loggers provided indications of fixtures in office spaces turning on and off during the hours of 
normal operation. Logged amp data included a greater diversity of spaces and provided a better general 
lighting schedule profile than the lighting loggers. Lighting plans showed occupancy sensors were 
installed in more areas than was assumed in the TAS model. 

Verification 

Light logger data shows an obvious reduction in the lighting power draw during specific times of day 
(e.g. during lunch) that provide a good indication lights are being shut off when spaces are unoccupied 
and turned back on when the spaces are re-occupied. 

Review of lighting plans showed that considerably greater areas of each floor are affected by occupancy 
controls on lighting circuits than was assumed for the TAS model. Most of these additional areas are 
enclosed spaces in the interiors of each floor of the building, and are not constrained to office uses. 

Analysis Method 

Light logger data were converted from time stamps associated with change-of-state values (i.e. from “on” 
to “off” or vice versa) to fixture status in 15-minute intervals to allow the data to be easily analyzed in 
spreadsheet format. A count of the number of fixtures “on” in each 15-minute interval allowed a 
calculation of percentage of fixtures either on or off during each 15-minute period. The number of 
fixtures controlled by each logged occupancy sensor was used to weight the derived percentages. 
Aggregating these values into hourly averages provided daily profiles of the operation of lighting fixtures 
in the sampled offices as influenced by the occupancy sensors. 

The resulting profiles were averaged by hour of the day across four different types of days (weekdays, 
Saturdays, Sundays and one holiday). These profiles were assumed applicable to all occupancy sensor-
controlled spaces within the building. 

Amp logger data were treated in a manner similar to the light logger data in that the data from the various 
circuits was combined to determine hourly profiles of percent of lighting load “on” for each of the four 
daytypes. In contrast to the lighting loggers, the amp loggers captured whole circuits of lighting, some of 
which could be controlled by occupancy sensors. Thus no data were obtained that can be definitively 
specified as free of the impact of occupancy sensors. 

Base case lighting profiles were estimated from the amp logger data using professional judgment. 
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Occupancy sensors were installed in many areas in the interior spaces that were not represented in the 
proposed TAS model. This discrepancy was not quantified, but visual inspection indicates an estimated 
half of the interior area does have occupancy sensors. Occupancy sensor lighting profiles were applied to 
interior spaces on the second and third floors of the building for the installed case Evaluation model to 
more accurately account for these sensors. This left the first and fourth floor interior spaces modeled 
without occupancy sensors. Key modeling parameters are listed in Table 26. 

Table 26: ECM-6 Key Modeling Parameters 

Parameter Definition 
TA Study 

Model 
Evaluation 

Model Source 

Lighting 
schedules 

Hourly average values of percentage 
of connected lighting load that is on 
in each space for each unique day 
type 

Base 
On 6 A.M. – 7 P.M. 
Weekdays; 100% on 8 
A.M. – 5 PM 

Proposed 
On 6 A.M. – 7  P.M. non-
holiday Weekdays; 70% 
on 8 A.M. – 5 P.M. 

Base 
Schedules based 
on logged data 

Installed 
Schedules based 
on light logger 
data 

TAS 
model; 
Logged 

data 

Lighting 
power 
densities 

Lighting connected load in terms of 
Watts per square foot 1.3 W/ft2 1.3 W/ft2 

TAS 
model 

 

4.6.3. Evaluated Savings 
The Evaluation estimated energy savings at 2.78 times the Tracking savings. This is due to both a greater 
number of affected fixtures and differences in the lighting schedules; the Evaluation providing more 
realistic schedules due to their being based on logged data. This approach also allowed the Evaluation to 
take into account lighting loads that occur during weekends and holidays. 

Table 27: ECM-6 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 22,811 63,430 278.1% 
Percent Energy On-peak 62% 92.8% 149.7% 
Summer Peak Diversified kW  14.7 16.0 108.8% 
Winter Peak Diversified kW  15.0 11.2 74.7% 

 

The Evaluation calculated 92.8% of the annual savings to occur during on-peak hours. This is because the 
on-peak hours coincide largely with occupied hours. Once spaces in the building are vacated, most lights 
shut off and there are no savings to be had. The TAS appears to have calculated this parameter once for 
the overall project and applied the result to each ECM modeled in TRACE; Section 3.3.4 provides a more 
detailed description. The Evaluation savings value takes into account hourly weather and schedule 
variations to more accurately determine this value. The Evaluation value is greater because schedules shut 



MA CDA Impact Evaluation National Grid Project 526633 

SBW Consulting, Inc. 35 

off the equipment for unoccupied portions of the year, thereby concentrating more of the savings in the 
on-peak periods. 

The method used in the TAS to determine summer and winter peak diversified kW reductions is not 
described, but for each ECM, a standard summary results sheet was included in the TAS report. Based on 
the values entered in these tables, the TAS peak diversified kW savings were not calculated correctly and, 
in essence, are not comparable to the Evaluation values in a meaningful way. More detailed descriptions 
are provided in Sections 3.3.5 and 3.3.6 of this report. 

4.7. ECM-7 Lighting Upgrades 

4.7.1. Tracking Estimate Approach 
Measure description 

This measure was to upgrade lighting efficiency in most areas of the building through the installation of 
fixtures more efficient than allowed by applicable energy standards. Lighting in the data center was not 
included in this measure. 

For most of the building, lighting power densities (LPDs) were assumed to reach 1.0 W/ft2 for the 
proposed case. Exceptions include the data center, with an LPD of 1.3 W/ft2, and storage/loading areas, 
with LPDs of 0.05 W/ft2. The hours of operation follow the same lighting schedule described in the 
previous section. 

Analysis Method 

The energy saving potential for this measure was determined by changing the LPDs in the building. The 
TAS base case assumed a value of 1.3 W/ft2 in all spaces except storage/loading spaces, which were 
modeled at 0.05 W/ft2. The 1.3 W/ft2 value is the maximum allowable under the Massachusetts Building 
Code for an office. 

The TAS proposed case model assumed LPDs of 1.0 W/ft2 throughout the building with the exceptions of 
the data center and the storage/loading areas. The data center LPD was left at the base case value of 1.3 
W/ft2 and the storage/loading areas retained their 0.05 W/ft2 LPDs. Lighting schedules were not altered 
between the two models. 

The difference between the base and proposed case models was taken as the energy savings for this 
measure. 

4.7.2. Evaluation Approach 
Data gathered 

EMS Data: N/A 

Short term metering: Amp loggers on a sample of lighting circuits; lighting loggers on a sample of 
occupancy-sensor controlled fixtures. 

One time measurements (and other data sources): Field inspection of lighting fixture types installed in a 
sample of areas in the building; takeoffs from electrical plans to determine installed LPDs. 
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Light logger and amp logger data were gathered primarily for use in evaluating ECM-6 but also provided 
an indication of normal start and end times for lighting circuits by day type. 

Verification 

Lighting fixtures were inspected in 16 spaces in different parts of the building and the findings compared 
to lighting plans to verify the accuracy of the plans. No discrepancies were found. 

Analysis Method 

LPDs were determined for 80% of the spaces in the building from plan takeoffs, after having verified the 
accuracy of the lighting plans from a sample of spaces within the building. Results showed an overall 
installed LPD of 1.12 W/ft2. The data center, dining area and kitchen LPDs were calculated separately 
with values of 1.41, 0.63 and 0.92 W/ft2, respectively. The LPDs for these spaces were input into the 
installed Evaluation model because these spaces are served by specific HVAC systems, whereas the rest 
of the building is served by RTUs that do not specifically serve unique spaces. The overall average LPD 
for the remainder of the building is 1.15 W/ft2, which is the value used in the installed case Evaluation 
model. 

The Evaluation base case model assumed an overall average LPD of 1.3 W/ft2, to match the 
Massachusetts Building Code allowable LPD. The base case LPD for the data center was assumed the 
same as the installed case, i.e. 1.41 W/ft2 assuming the lighting for this specialized area was based on 
lighting needs. 

Key modeling parameters for ECM-7 are provided in Table 28. 

Table 28: ECM-7 Key Modeling Parameters 

Parameter Definition 
TA Study 

Model 
Evaluation 

Model Source 

Lighting 
Power 
Density 

Connected lighting load for 
spaces in units of Watts per 
square foot 

Base: 
all @ 1.3 W/ft2 
except storage @ 
0.05 W/ft2 

 
Proposed:  

all @ 1.0 W/ft2 
except storage @ 
0.05 W/ft2  

Base:  
all @ 1.3 W/ft2  

except data center @ 
1.41 dining @ 0.63 
kitchen @ 0.92 

Installed:  
all @ 1.15 W/ft2 
except data center @ 
1.41 dining @ 0.63 
kitchen @ 0.92 
 

TAS, 
Lighting plans 

Lighting 
Schedules 

Profiles of lighting % on for 
each hour of the day for 
unique day types; excludes 
affect of occupancy sensors 

Base & Proposed  
Data center all on 24/7 
Kitchen 100% on 0600 
- 1600 
Remainder of Bldg: 
Weekdays: 

0600 - 1900 
Weekends & Holidays: 

Lights are off 

Base & Installed  
Data center all on 24/7 
Remainder of Bldg: 
Weekdays: 
0600-2200 
Weekends & Holidays: 
0600-1900 

TAS, 
Light loggers on 
fixtures and amp 

logging of 
lighting circuits 
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4.7.3. Evaluated Savings 
Evaluated annual energy savings are 56.4% of those of the Tracking estimate. This is due primarily to the 
difference in LPDs between the two analyses. The Evaluation savings are based on a 0.15 W/ft2 LPD 
reduction as opposed to the 0.30 W/ft2 LPD reduction assumed for the TAS. Table 29 provides a 
summary of the savings. 

The affected floor area of the TAS models was greater than that used in the Evaluation models because 
the TAS LPD reduction was applied to the data center and kitchen/dining areas. This affect is offset by 
the longer hours of operation in the actual lighting schedules determined for the Evaluation. 

The reduction in LPD also impacts HVAC energy consumption by reducing cooling energy in the 
summer and increasing reheat energy during the heating season.  The actual impact of this measure on the 
HVAC system is less than proposed due to the lower than expected LPD reduction. 

Table 29: ECM-7 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 121,951 68,754 56.4% 
Percent Energy On-peak 62% 94.2% 151.9% 
Summer Peak Diversified kW  56.9 24.2 42.5% 
Winter Peak Diversified kW  49.0 10.7 21.8% 

 

Most of the savings for this measure occur during on-peak hours over the course of the year. This is due 
to the lights and HVAC systems operating primarily during hours included in the on-peak periods. The 
Evaluation percent on-peak savings are less than the corresponding TAS value due to a difference in 
methods of calculation. The TAS appears to have calculated this parameter once for the overall project 
and applied the result to each ECM modeled in TRACE; Section 3.3.4 provides a more detailed 
description. The Evaluation savings value takes into account hourly weather and schedule variations to 
more accurately determine this value. The Evaluation value is greater because schedules shut off the 
equipment for significant portions of the year, thereby concentrating more of the savings in the on-peak 
periods. 

The method used in the TAS to determine summer and winter peak diversified kW reductions is not 
described, but for each ECM, a standard summary results sheet was included in the TAS report. Based on 
the values entered in these tables, the TAS peak diversified kW savings were not calculated correctly for 
and, in essence, are not comparable to the Evaluation values in a meaningful way. More detailed 
descriptions are provided in Sections 3.3.5 and 3.3.6 of this report. 

The Evaluation summer peak diversified kW reduction is less than half that estimated for the Tracking 
estimate. The difference due to the direct impact of the LPD reduction should be proportional to the 
difference in LPDs, but the indirect impact on HVAC savings due to reduced cooling loads causes the 
summer peak kW reduction to exceed the impact of just the LPD change. 
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The Evaluation winter peak diversified kW reduction is 21.8% of the Tracking estimate value. This is 
because the greater TAS-assumed LPD reduction leads to increased electric reheat during the heating 
season and the greater diversity modeled in the Evaluation lighting schedules during the defined peak 
hours.  

4.8. ECM-8a Optimized Air Cooled Chillers 

4.8.1. Tracking Estimate Approach 
Measure description 

Two premium efficiency chillers were installed to exclusively serve the data center cooling needs. The 
chillers are twin 115-ton York air cooled chillers. The chillers are sized so that either may serve the total 
data center cooling needs; only one operates at any one time. 

The proposed case chillers are Turbocor chillers with magnetic bearings. 

Analysis Method 

The energy saving potential for this measure was determined by changing the EERs of the chillers from 
9.7 in the base case to 11.5 in the proposed case in the respective TAS TRACE models. In both models, 
default part-load performance curves embedded in TRACE were allowed to determine the performance of 
the chillers as loads changed. The difference in output results between the baseline and the proposed 
building simulation quantified the energy saving potential. 

4.8.2. Evaluation Approach 
Data gathered 

EMS Data: Not applicable 

Short term metering: Not applicable 

One time measurements (and other data sources): Nameplate and submittal data were inspected to 
determine model numbers and performance specifications of the installed chillers. 

Verification 

The efficiency of the installed chillers was verified by the manufacturer’s specifications after comparing 
nameplate model numbers to the data provided in the submittals. 

Analysis Method 

The Evaluation used the same analysis method and model input values as were used in the TAS analysis 
method. The key modeling parameters are provided in Table 30. 

Table 30: ECM-8a Key Modeling Parameters 

Parameter Definition 
TAS 

Model 
Evaluation 

Model Source 
Chiller Performance 
Specification EER Rating 

Base: 9.7 
Proposed: 11.5 

Base: 9.7 
Installed: 11.5 

TAS, 
Submittal 



MA CDA Impact Evaluation National Grid Project 526633 

SBW Consulting, Inc. 39 

 

4.8.3. Evaluated Savings 
Evaluated kWh savings are 85.4% of those estimated for the Tracking estimate. This is due to a difference 
in internal loads between the TAS and Evaluation models. The TAS model assumed a constant cooling 
load of 99 tons whereas the Evaluation model employed a load of 85 tons. The Evaluation load was 
obtained during the calibration of the TRACE as-built model and was based on short periods of trend 
data. A summary of the savings is presented in Table 31. 

Table 31: ECM-8a Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 116,855 99,800 85.4% 
Percent Energy On-peak 62%  48.2% 77.7% 
Summer Peak Diversified kW  17.3 13.2 76.3% 
Winter Peak Diversified kW  14.0 11.5 82.1% 

 

The percent energy savings on-peak is 48.2% for the Evaluation. The TAS appears to have calculated this 
parameter once for the overall project and applied the result to each ECM modeled in TRACE; Section 
3.3.4 provides a more detailed description. The Evaluation savings value takes into account hourly 
weather and schedule variations to more accurately determine this value.  The Evaluation %On-peak 
result is consistent with savings distributed over all hours due to the constant operation of the data center 
loads. 

The method used in the TAS to determine summer and winter peak diversified kW reductions is not 
described, but for each ECM, a standard summary results sheet was included in the TAS report. Based on 
the values entered in these tables, the TAS peak diversified kW savings were not calculated correctly and, 
in essence, are not comparable to the Evaluation values in a meaningful way. More detailed descriptions 
are provided in Sections 3.3.5 and 3.3.6 of this report. 

The summer peak diversified kW reduction for both the Evaluation and the Tracking estimates are 
somewhat greater than the corresponding winter-related values due to the lower temperatures that reduce 
cooling loads and make the chillers more efficient due to lower condenser temperatures. 

4.9. ECM-9 Ultra-Sonic Humidification 

4.9.1. Tracking Estimate Approach 
Measure description 

The recommendation made for this measure was to install three ultrasonic humidifiers in the data center.  

The data center requires winter humidification to maintain required relative humidity. Loads on the space 
come from ventilation air and infiltration from the outdoors and surrounding spaces. The TAS base case 
assumed eighteen computer room air conditioning units (52,200 cfm) would provide space temperature 
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and humidity control. The room set points were specified as 75°F and 40% to 50% relative humidity. 
Humidification would be provided through three electric infrared humidifiers. The packaged infrared 
humidifiers each have a capacity of 14.7 lb/hr (4.8 kW). 

The proposed design included three ultrasonic humidifiers in place of the baseline electric infrared 
humidifiers to maintain 40-50% relative humidity.  

Analysis Method 

The base and proposed case energy consumption were estimated using a bin temperature spreadsheet 
which accounts for the base case electric humidifier consumption, the proposed ultrasonic humidifier 
consumption and evaporative cooling savings. The calculations assumed that the space was maintained at 
75°F and 45% relative humidity. The proposed ultrasonic humidifier energy was entered as an electric use 
of 0.024 kWh/lb of water vaporized. The base case electric humidifier would require 1127 BTU/lb (0.33 
kWh/lb) of water. The pounds of water required for humidification were calculated using psychrometrics, 
comparing ventilation air and data center conditions and an assumed ventilation air flow rate of 1300 cfm. 

Evaporative cooling savings were determined through comparing the cooling effect (ton-hrs/lb water) to 
the moisture rate (lbs/hour water) required to raise the room conditions to saturation while moving along a 
constant wet bulb temperature line on the psychrometric chart. The moisture addition rate would be 12.94 
lbs/hr and the corresponding cooling effect would be 1.26 tons to get to saturation. Dividing the latter 
value by the former yields 0.097 ton-hrs/lb water. Ton-hours of cooling savings were then determined 
knowing the required pounds of water, and converted to kWh using an assumed 1.24 kW/ton chiller 
performance. 

Since the operation of the Data Center is continuous, custom bin calculations were estimated by dividing 
the savings over the 5,917 hours below 60°F when humidification is estimated to occur.  

4.9.2. Evaluation Approach 
Data gathered 

EMS Data: Not applicable 

Short term metering: Not applicable 

One time measurements (and other data sources): Hourly weather data from the Worcester TMY3 
weather file were obtained and used. 

Hourly outdoor air dry bulb temperature and relative humidity were used to determine outdoor air 
conditions. 

Verification 

Four ultrasonic humidifiers were observed to have been installed in the data center, as opposed to the 
three humidifiers proposed in the TAS. 

Analysis Method 

For the Evaluation, the spreadsheet model used in the TAS was modified to perform hourly calculations 
for the entire 2010 calendar year. Similar to the TAS analysis, a comparison of outdoor air and data center 
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humidity ratios, coupled with an assumed equivalent outdoor air flow rate to meet ventilation 
requirements yielded the quantity of water necessary to bring the room relative humidity to the target 
value of 45%. The energy required to vaporize this quantity of water was then determined for both the 
infrared and ultrasonic humidifiers. The difference between these values provided the humidification 
energy savings attributable to the ultrasonic humidifier. 

The TAS assumed the proposed ultrasonic humidifiers would consume 0.024 kWh/lb of water, but 
manufacturer’s specifications for the installed units indicated a specific energy of 0.032 kWh/lb. The 
latter value was used in modeling the Evaluation savings. 

The water vapor added to the space also has a cooling effect, which reduces the cooling demand on the 
chillers. The reduction in cooling demand was determined by multiplying the mass of water added by the 
cooling effect of each pound of water (ton-hrs per pound of water). A 1.24 kW/ton chiller efficiency was 
used to convert this cooling reduction to the reduced chiller kWh consumption for each hour. This saving 
was added to the humidifier vaporization savings to determine the total savings for the ultrasonic 
humidifier for each hour of the year. Summing these savings over the entire year yielded the annual 
energy savings. Demand reductions during peak periods were simply determined for the specified demand 
periods. Table 32 provides the key modeling parameters for this measure. 

Table 32: ECM-9 Key Modeling Parameters 

Parameter  Definition  
TA Study  

Model  
Evaluation  

Model  Source  

Ambient 
weather 

conditions 

Outside air dry bulb 
temperature and 

moisture conditions 

Bin OA dry bulb 
temperatures, mean 
coincident wet bulb 

temperatures and annual 
hours of occurrence 

Hourly OA dry 
bulb temperatures 

and relative 
humidity 

TAS, 
Worcester, MA 
TMY3 weather 

data  

Room 
conditions 

Space temperature and 
relative humidity 

targets 

75°F and 45% relative 
humidity 

75°F and 45% 
relative humidity TAS, Site Staff 

Equivalent 
outdoor air CFM 

for load 

Outdoor air flow rate 
to address ventilation 

requirements 
1,300 CFM 1,300 CFM TAS 

Heat of 
vaporization of 

water 

Heat required to 
evaporate 1 lb water 

with infrared 
humidifier 

1127 BTU/lb 1127 BTU/lb TAS 

Ultrasonic 
specific 

vaporization 
energy 

Electrical energy 
required for ultrasonic 
humidifier to vaporize 

1 lb of water 

0.024 kWh/lb 0.032 kWh/lb 
TAS, 

Manufacturer’s 
literature 

Chiller 
efficiency Base chiller kW/ton 1.24 kW/ton 1.24 kW/ton Baseline chiller 
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4.9.3. Evaluated Savings  
The savings summary for this measure is provided in Table 34. While the Evaluation model for this ECM 
is based on the same calculations used for the TAS, there are differences in the analysis methods 
employed, which lead to differences in the results. Both employed spreadsheet analysis, however, the 
TAS used a bin model based on dry bulb and mean coincident wet bulb outside air temperatures, whereas 
the Evaluation calibration based its model on hourly values of actual dry bulb temperature and relative 
humidity of outside air for the 2010 calendar year; savings calculations were performed on an hourly 
basis using TMY3 weather data for Worcester. The algorithms used in the two models were essentially 
the same. 

The 20% increase in annual kWh savings driven by a 22% increase in the total lbs of water required for 
humidification estimated in the Evaluation hourly analysis compared to the TAS analysis.  This increase 
is due to more precise modeling of weather data and calculated humidification requirements allowed by 
the hourly analysis.   

The Table 33 shows a comparison of the TAS and Evaluation model humidification requirements.  This 
difference is also demonstrated in Figure 2 and Figure 3. 

Table 33: Humidification Requirements 

Parameter 
TAS 

Model 
Evaluation 

Model Difference 

Hours with humidification requirement 5,917 6,066 3% 

Annual pounds of  water required 126,399 154,837 22% 
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Figure 2: Data Center Humidification Requirements vs. OAT for the TAS and Evaluation 

Figure 2: Data Center Humidification Requirements vs. OAT for the TAS and Evaluation portrays the 
main difference between the two approaches to determining humidification requirements for the TAS and 
the Evaluation. Although the basic algorithms are the same, the hourly calculations performed for the 
Evaluation show how much broader the range of humidification requirements are than can be determined 
in a bin model depending on a single combination of outside air temperature/mean coincident wet bulb 
temperature within each bin of a bin temperature model. The Evaluation approach uses the outside air 
temperature and relative humidity for each hour of the year for its calculations. 

Figure 3 shows the cumulative effect of the difference between the TAS and Evaluation approaches to 
calculating the data center’s humidification requirements over the course of a year. 



MA CDA Impact Evaluation National Grid Project 526633 

44  SBW Consulting, Inc.  

Comparison of TAS and Eval Weather Data (OATdb)
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Figure 3: Comparison of TAS and Evaluation Modeled Humidification Requirements 

Performing hourly calculations also allowed a more precise determination of Peak Diversified kW 
reductions and percent of savings on-peak as the hourly values for the time periods defined as the peak 
periods could be averaged. The TAS approach assumed all savings would be realized in the winter and 
divided the total savings by the hours of winter operation to arrive at an average kW savings for that time 
period. 

Table 34: ECM-9 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 53,970 64,873 120.2% 
Percent Energy On-peak 37% 1 44.9% 121.3% 
Summer Peak Diversified kW  0.0 0.67 N/A 
Winter Peak Diversified kW  9.1 1,2 13.6 149% 
1 –Values from TAS spreadsheet calculations; not provided in TAS Report 
2 –This value is consistent with other TAS values in this table but conflicts with a value of 16 provided in the Custom Screening Tool sheet in 

the TAS Report for this measure. 

The percent energy savings on-peak of the Evaluated savings is greater than the corresponding value from 
the Tracking estimate. Although the method used to derive this value for the TAS is not clear, the TAS 
analysis assumed there would be no savings whatsoever during the summer. This would reduce the 
savings on-peak by eliminating all of the summer hours from the analysis. The Evaluation found that 
some savings would be realized during that time period. 



MA CDA Impact Evaluation National Grid Project 526633 

SBW Consulting, Inc. 45 

As mentioned above, the TAS assumed no savings would be realized during the summer, but the 
Evaluation approach found some savings would be realized. 

The TAS calculated the winter peak diversified kW reduction as the average savings taken over all hours 
in which humidification was required, whereas the Evaluation calculated this parameter as the average of 
all hours defined as falling within the defined winter peak hours. The Evaluation approach adheres to the 
method prescribed by National Grid. 

4.10. ECM-10 Data Center Dry Cooler 

4.10.1. Tracking Estimate Approach 
Measure description 

The measure recommended the installation of a “free-cooling” dry cooler for the data center cooling 
system. 

The Data Center has two air-cooled chillers for providing chilled water cooling. Each chiller is rated at 
115 tons with one always in standby. The data center requires cooling year-round. When operating at full 
load, each chiller draws 142 kW. 

The proposed measure was to install a glycol dry cooler with a plate-and-frame heat exchanger and a 
pump to serve the data center cooling load whenever the dry-bulb OAT drops to a low enough 
temperature. When the dry cooler operates, both chillers are turned off. 

Analysis Method 

This measure was modeled for the TAS by specifying a parallel dry cooler serving the data center in the 
proposed case TRACE model, as opposed to no dry cooler in the base case model. A circulation pump 
drawing 4 kW when in operation was also added for glycol circulation between the cooler and the heat 
exchanger. TRACE does not allow specification of conditions that determine when the dry cooler is to 
run, so the model dictates whether it is running or not. The TAS report indicates the dry cooler would be 
expected to operate 1,000 hours per year at outside air temperatures below 35°F, but these assumptions 
are not verified. The difference in output results between the baseline and the proposed building 
simulation quantified the energy saving potential. 

4.10.2. Evaluation Approach 
Data gathered 

EMS Data: Dry bulb outside air temperature. 

Short term metering: A motor logger was installed on the dry cooler circulation loop to record the times at 
which the motor turned on or off. 

One time measurements (and other data sources): One-time measurement of the dry cooler circulation 
pump kW; visual inspection of dry cooler and heat exchanger. 

The motor logger data was used as an indicator of dry cooler on-time. Coupling that information with the 
dry-bulb OAT showed dry cooler operation is not dependent solely on OAT. 



MA CDA Impact Evaluation National Grid Project 526633 

46  SBW Consulting, Inc.  

Verification 

Installation of the dry cooler and heat exchanger was verified by visual inspection and logged data 
showed that the dry cooler does operate, although at a greater temperature range than we originally 
anticipated. 

Analysis Method 

For the Evaluation dry cooler pump operation was used as the indicator for dry cooler operation. Pump 
start and stop times were synchronized with 15-minute OAT data to determine the relationship between 
pump status (“On”, “Off” or “Changing”) and OAT within each 15-minute time interval. The dry cooler 
pump operation was observed for 3 months; however, due to operating issues detected by the facility 
manager2

For the Evaluation, dry cooler operations were modeled in TRACE by specifying a dry cooler working in 
parallel with the chillers and the associated pump was specified to operate at 1.9 kW, based on a one-time 
measurement of pump power. A “switchover” temperature of 40°F was assumed based on the data 
analysis. A plot of this data can be found in the appendix, showing an increase in the number of 
occurrences of “Off” at this temperature while the number of “On” occurrences goes to zero in the 45°F 
bin. 

, only the data period from December 6, 2010 through January 7, 2011 was used to represent 
typical dry cooler operation. OAT values were rounded to the nearest five degrees and the synchronized 
data were segregated into the respective pump statuses. Counts of the number of occurrences of each 
status within each temperature bin were used to identify the relative frequencies of dry cooler operation 
within each temperature bin. A plot of this data is provided in the Appendix. 

Discussions with TRACE support staff indicated the temperature at which the dry cooler switchover 
occurs could be influenced by adjusting the dry cooler approach temperature. Changing it from a default 
value of 12°F to 3°F achieved a switchover point of 37°F in the TRACE model. This is the highest 
switchover temperature achievable in TRACE. Inspection of hourly results from TRACE confirmed 
operation of the dry cooler at temperatures below 40°F but not above. Inspection of the TMY3 weather 
data used as input to the TRACE model indicated 3,018 hours of outside air temperatures at or below 
37°F. This is in comparison to the 1,000 hours of dry cooler operation assumed in the TAS report. 

Table 35 provides summary descriptions of the differences between the TAS model inputs and those used 
for the Evaluation. 

                                                                 
2 A leak in the glycol loop prevented normal operation of the dry cooler for the first two months of data collection. Site personnel 

were aware of this problem prior to the start of the Evaluation process and the Evaluation had no influence on the eventual 
repair. 
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Table 35: ECM-10 Key Modeling Parameters 

Parameter Definition 
TA Study 

Model 
Evaluation 

Model Source 
Waterside 
Economizer 
Equipment 

Specification of dry cooler  Parallel dry 
cooler 

Parallel dry 
cooler 

TAS, 
Field Inspection 

Dry cooler pump 
kW Power draw of dry cooler circulation pump 4 kW 1.9 kW 

TAS, 
One-time 

measurements 

Dry cooler 
approach 

How close the dry cooler discharge water 
temperature can get to the ambient OATwb 
at the design flow rate 

Defaulted to 
12°F 3°F 

TRACE Support 
Staff, 

Trial & error 
modeling 

 

4.10.3. Evaluated Savings  
Savings for this measure were evaluated at more than twice those estimated for the Tracking estimate. 
This is due to the difference in approach temperatures specified for the dry cooler. Trended data showed 
the dry cooler operates up to approximately 40°F and the Evaluation model nearly achieved this point by 
setting the approach temperature at 3°F. The TAS estimate allowed the default value of 12°F as the 
approach temperature, which limits free cooling to temperatures below approximately 35°F. Comparing 
the assumed 1,000 hours of dry cooler operation from the TAS report to the 3,018 hours in the TMY3 
weather data during which TRACE modeled the dry cooler as operating for the Evaluation, results in 
approximately three times as many hours during which the Evaluation-modeled chillers would be turned 
off. Figure 15 in the appendix indicates the dry cooler operates primarily at temperatures below 35°F so 
the modeled hours of dry cooler operation is considered more accurate than the number of hours assumed 
in the TAS. A summary of Tracking and Evaluation savings is provided in Table 36. 

Table 36: ECM-10 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 132,750 284,998 214.7% 
Percent Energy On-peak 62% 45.0% 72.6% 
Summer Peak Diversified kW  0.7 10.5 1500.0% 
Winter Peak Diversified kW  35.0 68.2 194.9% 

 

The percent on-peak savings for the Evaluated model are based on outside air conditions, which occur 
randomly. For hours in which savings do occur, they are relatively constant at the baseline chiller kW 
draw, but those hours are distributed through the year according to outside air temperatures. The TAS 
appears to have calculated this parameter once for the overall project and applied the result to each ECM 
modeled in TRACE; Section 3.3.4 provides a more detailed description. The Evaluation savings value 
takes into account hourly weather and schedule variations to more accurately determine this value. 
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The Evaluated seasonal peak diversified kW reductions are significantly greater than those of the TAS. 
This is likely due to the way in which the TRACE models calculated the performance of the dry cooler, 
both because of changes to the inputs and because of the difference in TRACE reduced- vs full-year 
calculations. As is true for all the ECMs, the method used in the TAS to determine summer and winter 
peak diversified kW reductions is not described, but for each ECM, a standard summary results sheet was 
included in the TAS report. Based on the values entered in these tables, the TAS peak diversified kW 
savings were not calculated correctly and, in essence, are not comparable to the Evaluation values in a 
meaningful way. More detailed descriptions are provided in Sections 3.3.5 and 3.3.6 of this report. 
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5. APPENDICES 
5.1. EMS and Short-Term Monitoring Details



MA CDA Impact Evaluation National Grid Project 526633 

50  SBW Consulting, Inc.  

Table 37: Summary of trended data from the building EMS, logged data from Evaluator’s equipment and one-time measurements 

ECM # ECM keywords
1. Equipment 

monitored 2. Parameter measured

3. Make and model of 
measurement 

equipment

4. Type of 
measurement 

equipment 

5. Installation 
of monitoring 

equipment 
6. Frequency of 

observations 
7. Duration of 

metering 8. Metered by

1 Evaporative Consdensers RTUs 1-5 Power 15 min 9/7-1/7 EMS

2 Fan Powered Terminal 
Unit ECMs Fan-powered boxes Amps HOBO Energy Pro Datalogger/CT Split core CT 15 min 11/10-1/7 Evaluator

3 DDC Upgrade OAT/RH OAT/RH HOBO OAT/RH Place in desired 
location 15 min 9/7-1/7 Evaluator

3 DDC Upgrade RTUs 1-5 Min. OA Damper % 15 min 9/7-1/7 EMS

3 DDC Upgrade RTUs 1-5 Economizer Damper % 15 min 9/7-1/7 EMS

3 DDC Upgrade RTUs 1-5 OAT Hourly 9/7-1/7 EMS

3 DDC Upgrade RTUs 1-5 RA CO2 level 15 min 9/7-1/7 EMS

6, 7 Lighting Controls
Lighting Efficiency Occ sensors (n=15) Lighting Loggers Dent Light Logger Change of state Place in light 

fixture 15 min 9/7-1/7 Evaluator

7 Lighting Efficiency Main breakers: DL4N1 Lighting Power 15 min 9/7-1/7 EMS

10 Dry Cooler Economizer Dry-Cooler Pump Pump Motor Status Dent Mag Logger Time of Use Magnet Change of State 11/10-1/7 Evaluator

10 Dry Cooler Economizer Dry-Cooler Pump Pump kW Fluke 39 Power Meter Handheld 1-time 11/10 Evaluator
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5.2. Data Summaries by Measure 
5.2.1. ECM-1 Evaporatively-cooled DX Condensers 

Amp data was logged for the RTU condensers and compressors. TRACE does not provide outputs that 
would allow an analyst to compare modeled performance to specific pieces of equipment. The logged 
data could not be used to tune the TRACE models. The evaporative condensers were observed. 

5.2.2. ECM-2 Equip Fan Powered Boxes with ECM Motors 

As indicated in the body of the report, TRACE model inputs for this measure were developed from the 
white paper referenced below. 
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1-hp Motor 2300 CFM full capacity
Watts Watts W/cfm W/cfm W/cfm

CFM % Cap ECM PSC Delta ECM PSC % Diff
1283 56% 199 410 211 0.16 0.32 51%
1350 59% 210 520 310 0.16 0.39 60%
1601 70% 280 610 330 0.17 0.38 54%
1786 78% 385 720 335 0.22 0.40 47%
1849 80% 420 810 390 0.23 0.44 48%
2081 90% 585 970 385 0.28 0.47 40%
2162 94% 640 1010 370 0.30 0.47 37%
2200 96% 801 1160 359 0.36 0.53 31%

avg 336 avg 46%

1/2-hp Motor 1500 CFM full capacity
Watts Watts W/cfm W/cfm W/cfm

CFM % Cap ECM PSC Delta ECM PSC % Diff
509 34% 85 270 185 0.17 0.53 69%
752 50% 105 300 195 0.14 0.40 65%
1000 67% 195 390 195 0.20 0.39 50%
1415 94% 385 500 115 0.27 0.35 23%

avg 173 avg 52%

Data obtained from:
White Paper: "ECM Motors in Series Flow Fan Powered Terminals and Unit Ventilators"
Authors: Jenny Abney (Titus); Dan Int-Hout (Krueger); Gordon Jones (Krueger)
Date: 7/7/2000

ECM PSC
Avg of highlighted cells (kW/cfm) 0.000215 0.000415

 

Figure 4: ECM White Paper Results 
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Figure 5 shows the percent improvement in motor efficiency as a function of fan capacity when 
comparing an ECM to an SPC motor. The plot was prepared using the data provided on the previous 
page. The two sets of data are for 1-hp and ½-hp motors. The specific flow values selected to represent 
each motor size (1849 cfm for 1-hp and 1000 cfm for ½-hp) were selected as the approximate midpoints 
of the range of percent-capacity values over which measurements were taken for the respective fan sizes. 
The efficiency values used in the Evaluation TRACE model were 0.00020 kW/cfm for the ECM (i.e. 
installed case) and 0.00040 for the SPC motors (i.e. base case). 

ECM vs PSC Motor Efficiency Comparison
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Figure 5: ECM and PSC Motor Efficiency Comparison 

5.2.3. ECM-3 DDC Upgrade 

On the following pages, plots of data relevant to the DCV and economizer controls are presented for 
RTUs 1 – 4 as evidence of the operation, or lack thereof, for the respective measures. Data to create 
similar plots for RTU-5 were not available. 
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The plot below shows the positioning of the RTU-1 economizer and minimum outside air dampers in response to outside air temperatures and 
return air CO2 concentrations. Data for this plot were obtained from the building’s EMS. Due to an error in setting up the trends, OAT values were 
only recorded once each day. The plot shows the economizer and minimum outside air dampers operating in unison on Monday and Friday, 
presumably because OAT values are in a range that allowed free cooling via the economizer. During the middle of the week the economizer 
dampers are closed, again presumably because of OAT values, and the minimum OA damper opens to control CO2 values. This function does not 
appear to operate properly as the CO2 values exceed the setpoint of 600 ppm but the damper never fully opens. When the two sets of dampers 
operate together, the CO2 concentrations are seen to be maintained below the setpoint. 

RTU1 Damper Functions vs OAT & RA CO2
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Figure 6: RTU1 Damper and CO2 Trend Data 
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The next plot is similar to the previous plot, but is for RTU-2 during a period of colder weather. Both the economizer and minimum OA dampers 
operate throughout the week with the exception of a brief period on Wednesday morning, when the minimum OA damper opens wider than the 
economizer damper. In this case, the dampers are only about 30% open and still maintain low CO2 concentrations. This is likely influenced by the 
fact that this time period is around Christmas and the CO2 concentrations indicate occupancy rates drop as the week progresses. 
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Figure 7: RTU2 Damper and CO2 Trend Data 
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RTU-3 serves the kitchen/cafeteria area of the building and the plot below shows its damper positions in response to OAT and CO2 concentrations. 
This system is seen to open its minimum OA damper for a short period in the early morning, and then closes for rest of the day in most cases. The 
economizer dampers open in response to OAT values and this is sufficient to maintain CO2 concentrations below the setpoint. 

RTU3 Damper Functions vs OAT & RA CO2
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Figure 8: RTU3 Damper and CO2 Trend Data 
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A plot of RTU-4’s damper positions is provided below. OAT values are high enough in the middle of the week to cause the economizer dampers 
to close and the minimum OA dampers open completely to maintain the CO2 concentrations at or below the setpoint. Based on this plot, the 
minimum OA damper appears to be well-sized in that it is, in essence, completely open and the CO2 concentrations reach but don’t exceed the 
setpoint. 
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Figure 9: RTU4 Damper and CO2 Trend Data 

Data to create plots similar to the previous four plots were not available for RTU-5. 
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The plot on this page shows the RTU-2 economizer is controlled according to outside air temperature with an upper temperature limit of 60°F. 
Enthalpy control is not in effect; if it was, there would be more scatter of the economizer damper position at OAT values greater than 60°F. RTUs 
3 and 4 show essentially the same pattern. Insufficient OAT values were available for RTU-1 and insufficient data were available for RTU-5. 
Enthalpy economizers for all RTUs were assumed to not be in effect for ECM-3 based on this evidence. 
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Figure 10: RTU2 Dampers vs. OAT 
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5.2.4. ECM-4 Premium Efficient Motors 

No data in addition to that in the body of the report. 

5.2.5. ECM-5 High Performance Glazing 

The Table 38 provides a summary of wall and glass areas in the building by facing direction, based on 
takeoffs from plan elevations performed for the Evaluation. While some azimuth-specific differences 
were found between the TAS and Evaluation glass areas, the overall glass areas agreed within 1% and the 
differences are considered minor. 

Table 38: Window Area and Facing Direction 

Azimuth
Wall Area 

(ft2)
Window 
Area (ft2) % Glass

0 429 150 35%
45 8,455 3,610 43%
90 4,060 2,523 62%
135 1,635 582 36%
180 6,258 3,273 52%
225 5,628 1,824 32%
270 4,904 2,245 46%
315 4,556 1,128 25%

Total 35,925 15,335 43%  

 

5.2.6. ECM-6 Lighting Control Upgrades 

Figure 11 provides a plot of daily lighting schedules obtained from connected-load-weighted averages of 
data from 15 dataloggers. Data were collected between August 13 and November 10, 2010 in spaces with 
occupancy sensors. Mid-day load reductions are obvious and are assumed to reflect the impact of 
occupancy sensors during periods when occupants take their lunch break. The greater reductions seen for 
the weekend and holiday periods are due to the closure of the kitchen, causing more occupants to leave 
the building for lunch as opposed to some number presumably eating at their desks. 

Table 39and Table 40 present the daily lighting schedules identified from analysis of logged data that is 
plotted in Figure 11. Schedules were developed for each day of the week plus a holiday schedule, which 
is based on lighting profiles for Columbus Day. 

Table 41 presents the schedule assumed for the TAS proposed schedule to represent ECM-6. 
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Figure 11: Daily lighting load profiles obtained from logged data (Sunday & Holiday to Saturday) 

Table 39:Evaluation Model Weekday Installed Lighting Diversity Schedules 

Monday Tuesday Wednesday Thursday Friday
Start End % Start End % Start End % Start End % Start End %
mid 6 0 mid 6 0 mid 6 0 mid 6 0 mid 6 0
6 7 3 6 7 3 6 7 2 6 7 4 6 7 3
7 8 7 7 8 10 7 8 8 7 8 9 7 8 9
8 9 24 8 9 25 8 9 23 8 9 29 8 9 30
9 12 47 9 10 52 9 10 46 9 10 49 9 12 45
12 14 42 17 18 44 10 12 52 10 11 46 12 14 41
14 17 49 18 19 23 12 13 46 11 12 52 14 15 45
17 18 42 19 20 13 13 17 52 12 13 45 15 16 42
18 19 25 20 21 6 17 18 40 13 15 50 16 17 37
19 20 8 21 22 5 18 19 19 15 16 55 17 18 25
20 21 5 22 23 1 19 20 7 16 17 51 18 19 8
21 22 3 23 mid 0 20 21 5 17 18 41 19 20 4
22 mid 0 21 22 3 18 19 20 20 21 2

22 mid 0 19 20 10 21 mid 0
20 21 5
21 22 2
22 mid 0  
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Table 40:Evaluation Model Weekend and Holiday Installed Lighting Diversity Schedules 

Saturday Sunday Holiday
Start End % Start End % Start End %
mid 3 0 mid 6 0 mid 6 0
3 6 1 6 7 2 6 7 9
6 7 4 7 8 11 7 9 23
7 9 11 8 9 7 9 10 9
9 10 4 9 10 4 10 11 3
10 11 3 10 14 2 11 13 0
11 13 1 14 17 5 13 14 4
13 14 4 17 18 3 14 16 17
14 18 7 18 19 1 16 17 14
18 19 3 19 mid 0 17 18 10
19 mid 0 18 19 6

19 mid 0
 

Table 41: TAS Model Proposed Lighting Diversity Schedule 

Weekday   Weekend, Holiday 

Start End %  Start End % 
mid 6 0  mid mid 0 
6 7 10     
7 8 50     
8 5 70     
5 6 50     
6 7 10     
7 mid 0     

 



MA CDA Impact Evaluation National Grid Project 526633 

62  SBW Consulting, Inc.  

5.2.7. ECM-7 Lighting Upgrades 

The following tables provide lighting power densities for categories of spaces treated as being unique 
within the building for the Evaluation installed and base case models. These values were obtained from 
takeoffs of electrical plans after verifying the plans were accurate based on comparisons between the 
plans and site observations in a sample of rooms. 

Installed LPDs
Data Center 2,916 1.41

Dining 5,078 0.69
Kitchen 4,228 0.92

Remainder of Building 105,921 1.15
118,143

Base Case LPDs
Overall allowable LPD 1.30

Data Center 2,916 1.41
Dining 5,078 1.30

Kitchen 4,228 1.30
Remainder of Building 105,921 1.297

118,143  

Figure 12: LPDs for Evaluation Installed and Base cases 

5.2.8. ECM-8a Optimized Air Cooled Chillers 

Base case chiller performance is provided in the Table 42. Values are based on those used for the TAS. 
The TRACE default part-load performance curves were used for both the TAS and the Evaluation. Values 
in Table 42 and Table 43 were not used to modify those curves in the modeling efforts 

Table 42: Base Case Chiller Performance  

Percent Full Load 100
% 

75
% 

50
% 

25
% 

Capacity (tons) 114.9 86.2 57.5 28.7 
Input (kW) 142 93.7 40 25.5 
Peak EER 9.7 11.0 17.2 13.5 
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Installed case efficient chillers are indicated in Table 43 as provided in submittal data. Chiller model 
numbers provided in the submittals matched those of the installed equipment.  

Table 43: Installed Chiller Performance 

Percent Full Load 100
% 

75
% 

50
% 

25
% 

Capacity (tons) 115 86.2 57.5 28.7 
Input (kW) 119.3 86.2 38.5 12.9 
Peak EER 11.5 15.8 17.9 26.7 

 

5.2.9. ECM-9 Ultra-Sonic Humidification 

For ECM-9, the spreadsheet model used in the TAS was modified to perform hourly calculations using 
TMY3 weather data. Hourly outdoor dry-bulb temperature and relative humidity were obtained for a 
weather station in Worcester. Outdoor air and data center humidity ratios were calculated from the 
weather data and assumed room conditions, respectively. The same assumed outdoor air flow rate to meet 
ventilation requirements as was used in the TAS was used for the Evaluation. Combining this flow rate 
with the difference in OA and space humidity ratios yielded the quantity of water necessary to bring the 
room relative humidity to the target value of 45%. The energy required to vaporize this quantity of water 
was then determined for both the infrared and ultrasonic humidifiers. The difference between these values 
provided the energy savings attributable to the ultrasonic humidifier. 

The water vapor added to the space has a cooling effect, which reduces the cooling demand on the 
chillers. The reduction in cooling demand was determined by multiplying the mass of water added by the 
cooling effect per pound of water (ton-hrs per lb H2O). The 1.24 kW/ton base case chiller efficiency was 
used to convert this cooling reduction to the reduced chiller kWh consumption for each hour. This saving 
was added to the humidifier vaporization savings to determine the total savings for the ultrasonic 
humidifier for each hour of the year. Summing these savings over the entire year yielded the annual 
energy savings. Demand reductions during peak periods were simply determined for the specified demand 
periods. 

Figure 13 provides a sample of the calculations performed and assumptions made. 
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Summer and Winter Diversified Peak Hour Definitions
NOTES: Equations based on original TA analysis spreadsheet Season Start Date End Date Start Hour End Hour Holidays

TMY3 weather data for Worcester, MA Summer 6/1/2010 8/31/2010 13 17 7/5/2010
Winter a 1/1/2010 1/31/2010 17 19 1/1/2010
Winter b 12/1/2010 12/31/2010 17 19 12/24/2010

Room Temperature DB 75 Vapor BTU/lbm 1127 Max Cooling Effect/1000 CFM 1.26 tons

Room Relative Humidity 45 Ultrasonic kWh/lbm 0.032 Max Moisture Add/1000 CFM 12.94 lbs/hr Total Annual kWh Savings 64,873             

Room Air Specific Volume 13.65 Room Wet Bulb Temperature 61 Cooling Effect per LB of water 0.097 Ton-Hr/lb % Savings On-Peak 44.9%

Avg OA Specific Volume 12 Cooling kW/ton 1.24 Summar Demand Savings 0.67

Winter Demand Savings 13.6

Date / Time

TMY3
Outdoor Air Dry 

Bulb 
Temperature

TMY3
Outdoor Air 

Relative 
Humidity

Outdoor Air 
Humidity Ratio

Room Humidity 
Ratio

Equivalent 
Outdoor Air 

CFM for Load
Lbs/Hr Water 

Required

MBTUh 
Required 
Infrared 

Humidifier
Electric 

Humidifier kWh
Ultrasonic 

Humidifier kWh
Ton - Hrs/Lb 

Water Required

Ultrasonic 
Cooling 

Savings (tons)

Compressor 
Efficiency 

kW/ton

Ultrasonic 
Cooling kWh 

Savings

Total Savings 
Ultrasonic 

(kWh)

Summer Peak 
Demand 
Savings

Winter Peak 
Demand 
Savings

On 
Peak 
Hours

1/1/10 1:00 29 63 0.00228 0.00839 1300 33.12 37.3                 10.94               1.060               0.097               3.2                   1.24 4.00                 13.9                 0.00 0.00 0
1/1/10 2:00 28 65 0.00230 0.00839 1300 33.04 37.2                 10.91               1.057               0.097               3.2                   1.24 3.99                 13.8                 0.00 0.00 0
1/1/10 3:00 28 67 0.00232 0.00839 1300 32.87 37.0                 10.85               1.052               0.097               3.2                   1.24 3.97                 13.8                 0.00 0.00 0
1/1/10 4:00 27 69 0.00233 0.00839 1300 32.81 37.0                 10.84               1.050               0.097               3.2                   1.24 3.96                 13.7                 0.00 0.00 0
1/1/10 5:00 27 69 0.00230 0.00839 1300 33.01 37.2                 10.90               1.056               0.097               3.2                   1.24 3.99                 13.8                 0.00 0.00 0
1/1/10 6:00 26 69 0.00229 0.00839 1300 33.10 37.3                 10.93               1.059               0.097               3.2                   1.24 4.00                 13.9                 0.00 0.00 0

1/1/10 7:00 26 69 0.00226 0.00839 1300 33.29 37.5                 10.99               1.065               0.097               3.2                   1.24 4.02                 13.9                 0.00 0.00 0
1/1/10 8:00 27 65 0.00222 0.00839 1300 33.51 37.8                 11.06               1.072               0.097               3.3                   1.24 4.05                 14.0                 0.00 0.00 0
1/1/10 9:00 29 62 0.00223 0.00839 1300 33.45 37.7                 11.05               1.070               0.097               3.3                   1.24 4.04                 14.0                 0.00 0.00 0

1/1/10 10:00 30 58 0.00218 0.00839 1300 33.77 38.1                 11.15               1.080               0.097               3.3                   1.24 4.08                 14.1                 0.00 0.00 0
1/1/10 11:00 30 56 0.00214 0.00839 1300 34.08 38.4                 11.25               1.090               0.097               3.3                   1.24 4.12                 14.3                 0.00 0.00 0
1/1/10 12:00 31 53 0.00204 0.00839 1300 34.74 39.1                 11.47               1.112               0.097               3.4                   1.24 4.20                 14.6                 0.00 0.00 0

1/1/10 13:00 31 51 0.00198 0.00839 1300 35.07 39.5                 11.58               1.122               0.097               3.4                   1.24 4.24                 14.7                 0.00 0.00 0
1/1/10 14:00 30 52 0.00197 0.00839 1300 35.15 39.6                 11.61               1.125               0.097               3.4                   1.24 4.25                 14.7                 0.00 0.00 0
1/1/10 15:00 30 52 0.00193 0.00839 1300 35.40 39.9                 11.69               1.133               0.097               3.4                   1.24 4.27                 14.8                 0.00 0.00 0
1/1/10 16:00 29 53 0.00192 0.00839 1300 35.48 40.0                 11.72               1.135               0.097               3.5                   1.24 4.28                 14.9                 0.00 0.00 0
1/1/10 17:00 27 51 0.00175 0.00839 1300 36.62 41.3                 12.09               1.172               0.097               3.6                   1.24 4.42                 15.3                 0.00 0.00 0
1/1/10 18:00 26 48 0.00155 0.00839 1300 37.89 42.7                 12.51               1.212               0.097               3.7                   1.24 4.58                 15.9                 0.00 0.00 0
1/1/10 19:00 24 46 0.00140 0.00839 1300 38.85 43.8                 12.83               1.243               0.097               3.8                   1.24 4.69                 16.3                 0.00 0.00 0
1/1/10 20:00 22 48 0.00135 0.00839 1300 39.21 44.2                 12.95               1.255               0.097               3.8                   1.24 4.74                 16.4                 0.00 0.00 0
1/1/10 21:00 19 49 0.00127 0.00839 1300 39.74 44.8                 13.12               1.272               0.097               3.9                   1.24 4.80                 16.7                 0.00 0.00 0
1/1/10 22:00 17 51 0.00121 0.00839 1300 40.09 45.2                 13.24               1.283               0.097               3.9                   1.24 4.84                 16.8                 0.00 0.00 0
1/1/10 23:00 16 53 0.00121 0.00839 1300 40.09 45.2                 13.24               1.283               0.097               3.9                   1.24 4.84                 16.8                 0.00 0.00 0

1/2/10 0:00 15 54 0.00120 0.00839 1300 40.19 45.3                 13.27               1.286               0.097               3.9                   1.24 4.85                 16.8                 0.00 0.00 0
1/2/10 1:00 14 56 0.00119 0.00839 1300 40.21 45.3                 13.28               1.287               0.097               3.9                   1.24 4.86                 16.8                 0.00 0.00 0
1/2/10 2:00 14 57 0.00120 0.00839 1300 40.17 45.3                 13.27               1.286               0.097               3.9                   1.24 4.85                 16.8                 0.00 0.00 0
1/2/10 3:00 13 57 0.00118 0.00839 1300 40.27 45.4                 13.30               1.289               0.097               3.9                   1.24 4.86                 16.9                 0.00 0.00 0
1/2/10 4:00 13 58 0.00119 0.00839 1300 40.24 45.3                 13.29               1.288               0.097               3.9                   1.24 4.86                 16.9                 0.00 0.00 0
1/2/10 5:00 12 59 0.00118 0.00839 1300 40.30 45.4                 13.31               1.290               0.097               3.9                   1.24 4.87                 16.9                 0.00 0.00 0
1/2/10 6:00 12 60 0.00118 0.00839 1300 40.32 45.4                 13.31               1.290               0.097               3.9                   1.24 4.87                 16.9                 0.00 0.00 0
1/2/10 7:00 11 61 0.00117 0.00839 1300 40.39 45.5                 13.34               1.292               0.097               3.9                   1.24 4.88                 16.9                 0.00 0.00 0
1/2/10 8:00 14 56 0.00119 0.00839 1300 40.21 45.3                 13.28               1.287               0.097               3.9                   1.24 4.86                 16.8                 0.00 0.00 0
1/2/10 9:00 17 52 0.00123 0.00839 1300 39.99 45.1                 13.20               1.280               0.097               3.9                   1.24 4.83                 16.8                 0.00 0.00 0

1/2/10 10:00 20 47 0.00124 0.00839 1300 39.93 45.0                 13.18               1.278               0.097               3.9                   1.24 4.82                 16.7                 0.00 0.00 0
1/2/10 11:00 22 47 0.00131 0.00839 1300 39.45 44.5                 13.03               1.262               0.097               3.8                   1.24 4.76                 16.5                 0.00 0.00 0
1/2/10 12:00 23 46 0.00137 0.00839 1300 39.08 44.0                 12.90               1.251               0.097               3.8                   1.24 4.72                 16.4                 0.00 0.00 0
1/2/10 13:00 25 46 0.00145 0.00839 1300 38.55 43.4                 12.73               1.234               0.097               3.8                   1.24 4.66                 16.2                 0.00 0.00 0
1/2/10 14:00 25 47 0.00146 0.00839 1300 38.47 43.4                 12.70               1.231               0.097               3.7                   1.24 4.65                 16.1                 0.00 0.00 0
1/2/10 15:00 24 49 0.00151 0.00839 1300 38.13 43.0                 12.59               1.220               0.097               3.7                   1.24 4.60                 16.0                 0.00 0.00 0
1/2/10 16:00 24 50 0.00152 0.00839 1300 38.06 42.9                 12.57               1.218               0.097               3.7                   1.24 4.60                 15.9                 0.00 0.00 0
1/2/10 17:00 23 52 0.00153 0.00839 1300 38.05 42.9                 12.56               1.218               0.097               3.7                   1.24 4.59                 15.9                 0.00 0.00 0
1/2/10 18:00 22 55 0.00156 0.00839 1300 37.81 42.6                 12.48               1.210               0.097               3.7                   1.24 4.57                 15.8                 0.00 0.00 0  

Figure 13: Humidifier Savings Calculation 
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5.2.10. ECM-10 Data Center Dry Cooler Economizer 

The Figure 14 verifies the data center chillers turn off when the dry-cooler economizer is operating, as 
evidenced by the status of the dry-cooler pump. It also shows the system was not operating properly 
before December 6. For approximately one day (11/15 – 11/16), and again on 11/17 for about an hour, the 
chillers and the economizer were operating simultaneously. Following those episodes, a glycol leak was 
discovered in the dry cooler system and the dry cooler was out of service until 12/6, after which time it 
can be seen to have operated as intended, with the chillers shutting off when the dry cooler was operating. 
Because site personnel detected and fixed this issue without the influence of this Evaluation work, the 
Evaluation team assumed that the operating period starting December 6 is representative of the site’s dry 
cooler operation for the life of this measure.  Chiller data were obtained from the building’s EMS at 15-
minute intervals and pump status data were obtained from a motor logger recording change-of-state times. 
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Figure 14: Chiller kW and Pump Status Data 
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The Figure 15 depicts the frequency of occurrence of the data center dry cooler and chiller operations for 
temperatures encountered between 12/6/10 and 1/7/11, when the system was operating as intended. This 
plot shows the dry cooler operates as the primary source of cooling at temperatures below 40°F and the 
chillers are the primary cooling source above that temperature. 
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Figure 15: Dry Cooler Pump Status Frequency Data 
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5.3. Model Outputs by Measure 
The model broke the ECMs into several TRACE files.  Table 44 shows how the measures were grouped. 

Table 44: TRACE Files Key 

File Alternative 1 Alternative 2 Alternative 3 Alternative 4 
CDA526633_AsB_BLine3-31.trc As Built Baseline Not Used Not Used 
CDA526633_BLine1.trc Baseline ECM – 1 ECM – 2 ECM – 3 
CDA526633_BLine2.trc Baseline ECM – 4 ECM – 5 ECM – 6 
CDA526633_BLine3.trc Baseline ECM – 7 ECM – 8A ECM – 10 

 

5.3.1. Baseline 

 

Figure 16: Baseline Model Output 
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5.3.2. ECM-1 Evaporatively-cooled DX Compressors 

 

Figure 17: ECM-1 Model Output 
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5.3.3. ECM-2 Equip Fan Powered Boxes with ECM Motors 

 

Figure 18: ECM-2 Model Output 
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5.3.4. ECM-3 DDC Upgrade 

 

Figure 19: ECM-3 Model Output 
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5.3.5. ECM-4 Premium Efficient Motors 

 

Figure 20: ECM-4 Model Output 
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5.3.6. ECM-5 High Performance Glazing 

 

Figure 21: ECM-5 Model Output 
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5.3.7. ECM-6 Lighting Control Upgrades 

 

Figure 22: ECM-6 Model Output 
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5.3.8. ECM-7 Lighting Upgrades 

 

Figure 23: ECM-7 Model Output 
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5.3.9. ECM-8A Optimized Air Cooled Chillers 

 

Figure 24: ECM-8A Model Output 

 

5.3.10. ECM-9 Ultra-Sonic Humidification 

No Model output available because this measure wasn’t modeled in TRACE.  See Figure 13 for the 
spreadsheet analysis. 
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5.3.11. ECM-10 Data Center Dry Cooler 

 

Figure 25: ECM-10 Model Output 
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5.3.12. All ECMs 

 

Figure 26: As Built Model Output 

Gas consumption provided in Figure 26 is extraordinarily high due to an apparent anomaly in the TRACE 
software. Modeling DCV for ECM3 required a specific algorithm to determine ventilation rates. When 
this algorithm was specified for the as-built ECM-3 model, gas consumption increased significantly. 
Because DCV cannot be modeled without the specified algorithm, it was also specified for the baseline 
model for ECM-3 only. In order to determine the interactive savings for the entire measure package, the 
ventilation algorithm was again specified, with the resulting increase in gas consumption reflected in 
Figure 26. Because the gas impacts were not part of the Evaluation and a comparison of the interactive 
and non-interactive electric savings indicate no discernable impacts from this approach, it is considered 
acceptable. 
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1. SUMMARY 
This site report presents the results of an impact evaluation performed by SBW Consulting, Inc. for a 
Comprehensive Design Approach  (Design 2000plus) project completed in 2008 for Application # 
CS7416 . This site is one of five sites sampled for the program evaluation.  The purpose of the evaluation 
is to re-estimate energy and demand savings outlined in the original Technical Assistance Study (TAS) in 
order to verify the results for which incentives were paid to the customer.  

The tracking analysis projected the building energy savings with installed measures to be 3,352,840 
kWh/year, with a post-installation consumption of 16,376,492 kWh/year and base case consumption of 
19,729,332 kWh/year. The metered actual electrical energy use for the calendar year 2010 was 
18,676,075 kWh, which was approximately 14% more than the tracking projected kWh consumption. The 
evaluated base case estimate is 21,475,630 kWh/year, which is 8.8% more than the TAS base case 
estimate. The evaluated savings was 3,236,098 kWh/year, which is 97.3% of the original tracking 
database value. Table 1 summarizes estimates of savings for this project, from the original tracking 
database and the evaluation. 

This project included eight efficiency improvements which were incorporated during initial construction 
of a hospital building. Three measures improved the envelope, four measures improved the efficiency of 
the HVAC system and one measure improved the lighting system.  

The variances between the tracking and evaluated savings estimates is due to a combination of differences 
between the proposed and actual installed measure configurations, how they were operated, and the 
different methods of analysis.  

One difference was due to the TAS analysis model incorrectly modeling the building mechanical systems. 
Another measure was not modeled due to limitations of the DOE2.1E model version that was used, while 
the evaluation modeled the building with a more recent DOE2.1E version with expanded capability to 
properly model the installed measure. Other measure savings estimates differed due to variances of the 
installed measure characteristics and differences in expected operation. Specific discussion regarding 
differences in the tracking and evaluated savings estimates are contained in the discussion of the each 
measure’s analysis in Section 4.  

Table 1: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 3,352,840 3,236,098 97.3% 
Percent Energy On-peak 99% 46% 65% 
Summer Peak Diversified kW  396.3 407.4 103% 
Winter Peak Diversified kW  394.3 293.2 74% 
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2. PROJECT DESCRIPTION 
This Design 2000plus project includes eight electrical efficiency improvements that were installed as part 
of the new construction of the project building in Boston, Massachusetts. The building is ten stories tall, 
plus three below-grade levels, and has 455,000 square feet of floor area. The building is a full-service 
hospital and includes surgical and related services, diagnostic and imaging, outpatient and clinical 
services, laundry and sterilization, kitchen and inpatient rooms. Heating and domestic hot water are 
provided by purchased steam. Cooling is provided by a central chiller plant, which includes three 800-ton 
chillers, three cooling towers and the associated pumping systems. The HVAC system consists of ten 
variable air volume air handlers the serve the majority of the building. There are also several other smaller 
air handlers that serve specific spaces.  The building electricity is provided by NStar Electric. The facility 
operates all hours of the year with some reduced services, such as surgery and clinical services, at night 
and on weekends. 

The efficiency improvements affected the building envelope and glazing, the lighting system, and 
mechanical systems. The proposed measures were identified through the TAS and were selected for 
installation by the owner. The installed measures were not well documented for the evaluation, because 
the TAS report was not available. The installed measures were determined based on the difference 
between the baseline and proposed design computer models (consistent with the program savings claim), 
post inspection documentation, and discussion with the facility staff.  The measures are described in 
Table 2 along with total annual energy savings. Values for individual measure energy savings were not 
available.  

Table 2: Installed Energy Conservation Measures and Estimated Savings 

ECM and Description of ECM 
Tracking System Savings 

Estimate 
(kWh) 

ECM-1 
High Efficiency Lighting 

Install lighting at less than 1.6 watts per square foot 
capacity. 

N/A 

ECM-2 
High Efficiency Windows 

Window thermal and solar performance better than code 
minimum values. 

N/A 

ECM-3 
Roof Insulation 

Roof insulation exceeding code minimum values. 
N/A 

ECM-4 
Wall Insulation 

Wall insulation exceeding code minimum values. 
N/A 

ECM-5 
High Efficiency Chillers 

Install three efficient VFD chillers.  
N/A 
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ECM and Description of ECM 
Tracking System Savings 

Estimate 
(kWh) 

ECM-6 

Efficient Cooling Tower 

Install a high efficiency cooling towers with improved 
controls to operate with condenser water temperature 
reset. 

N/A 

ECM-7 
VFDs on chiller plant Pumps 

Install VFDs on the primary chilled water pumps to 
maintain high chilled water delta temperature. 

N/A 

ECM-8 

Premium Efficiency Motors 

Install premium efficiency motors on the air handler 
supply and return fans, on the cooling tower fans and on 
the chilled water, condenser water and heating hot water 
pump. 

N/A 

Total  All ECMs combined 3,352,840 
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3. PROJECT-LEVEL ANALYSIS AND RESULTS 
3.1. TA Study Methodology 
The TAS base case conditions were derived through discussions with the owner’s design team, and from 
design parameters compliant with the Massachusetts building code. No documentation of the TAS was 
available except from the base case and interactive Visual DOE model runs provided by the TA 
consultant.  

The tracking approach developed a detailed Visual DOE model of the base case building. Changes to the 
base case model were then made to estimate the energy consumption for the entire measure package and 
related measure interactive effects. Model changes associated with individual measures were not made 
separately. 

Specific ECM base case assumptions and proposed measure efficiency changes utilized in the base case 
and interactive models are indicated in Section 4 below. Basic model characteristics are as follows: 

 The model defined 426 spaces within the building for a total floor area of 442,275 square feet. 

 There are 704 window surfaces defined in the model with a total surface area of 44,656 square 
feet. 

 Exterior wall area, excluding window area, in the model is 96,483 square feet. 

 Roof area is 51,189 square feet. 

 Six variable air volume air handlers are modeled represent the ten VAV air handlers in the 
building were modeled. Two small constant volume air handlers serving dedicated spaces were 
also modeled. 

 Three 800-ton chillers and three cooling towers were used to model the chiller plant. The variable 
flow chilled water pumping system was not modeled due to limitations of the Visual DOE 
program used. 

 Space heating was modeled in the air handlers and perimeter zone reheat with hot water 
generated by purchased steam. 

3.2. Evaluation Methodology 
The project was originally modeled using a complex Visual DOE hourly model, which divided the 
building into 426 spaces. The Visual DOE program uses the DOE2.1E calculation engine. The version of 
DOE2.1E used by this Visual DOE model was Version 119. The evaluation used DOE2.1E version 133 to 
run the TAS models. The newer version has enhanced capability to model the variable flow pumping 
found in the building.  This pumping setup was determined by discussions with building staff to be one of 
the ECMs in the project package.   

The interactive TAS model was either verified as correct or edited to represent the building as constructed 
and operated using parameters derived from the as built construction documentation, site observations, 



MA CDA Impact Evaluation NSTAR Project CS7416 

SBW Consulting, Inc. 5 

owner provided operational information, system operational characteristic and trend data collected from 
the building EMS. Some of the changes to the model were a result of observed differences between the 
TAS model parameters and the actual as built conditions, some were treated as an enhancement to the 
model due to the added modeling capability of the new DOE2.1E version and some were based on 
improved information from trend data collection. Changes that were made to the TAS interactive model, 
with the reason for the change, more specifically included: 

 Changes to the chiller plant

 

 to allow water side economizing through the cooling tower via a plate 
heat exchanger whenever the outside air temperature is less than 45°F. This was considered a 
modeling error since it was not an ECM for this project. Therefore it was also added to the base 
case model. 

Variable heating hot water flow

 

. This was an added feature allowed under the newer version of 
DOE2.1E and was added to the model. Based on discussions with the building staff, this was not 
an ECM, so therefore the same change was added to the base case model. 

Variable primary chilled water flow

 

. This was determined to be an ECM based on discussions 
with the building staff. This was also an added feature allowed under the newer version of 
DOE2.1E. The baseline model was changed to allow variable secondary chilled water pumping 
with constant primary chilled water flow.  

Window characteristic updates

 

. The actual glass characteristics of the building were slightly 
different than expected from the TAS. These updates were made based on as-built 
documentation. See ECM 2 in Section 4 for further details. 

Lighting diversity schedules

 

. The lighting schedules in the model were modified based on the 
lighting panel trend log data collected. Since no ECM affected lighting diversity schedules, the 
base case model lighting schedules were also modified in the same way.  

Domestic hot water

The revised model based on as-built and observed conditions is referred to as the installed model.   The 
installed model was run and calibrated to the electrical energy use and demand, and steam consumption, 
using actual weather data for the period January 2010 through December 2010. The electric usage data 
consisted of average demand, kW, recorded every 15 minutes throughout the year. Similarly, 15 minute 
instantaneous steam flow data, in MBTU/hr, was obtained from the building EMS. The demand data was 
summarized on an hourly basis for comparison with the modeled hourly kW values and on a monthly 
basis for comparison with modeled total monthly electric consumption.  The steam flow data was 
summarized on a monthly basis for comparison with the modeled monthly steam consumption. 

 use was added to the model to account for steam consumption associated 
with domestic hot water and other steam uses such as for sterilization equipment. This load was 
identically added to the base case model since no ECM affected this end use. 

The installed building model parameters were adjusted to achieve a 5 percent annual match for metered 
kWh and a 10 percent monthly match to the metered kWh data. Comparison of modeled and metered 
hourly kW values was also made but the model was not specifically calibrated to match electric demand. 
Similarly, modeled steam consumption was calibrated to within 10 percent monthly and 5 percent 
annually. The largest unknown electric end use in the building is miscellaneous equipment. There is 
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significant imaging equipment, cooking and laundry equipment as well as other miscellaneous plug loads 
associated with a full service hospital. Calibration was achieved through consistently adjusting the 
miscellaneous equipment energy consumption across the year. Similarly, steam consumption was 
calibrated by consistently adjusting domestic hot water across the year to match billed steam 
consumption. Other model parameters were well-understood and modeled with reasonable and expected 
levels of consumption.  

Once the installed building model was calibrated, the base case model which was established based on 
changes made to the TAS base case model discussed above was also modified with the same calibration 
adjustments as the installed model. This resulted in differences between the installed and base case 
models that only represent the total combination of ECM differences.  The evaluation base case and 
installed model were then run using 30-year TMY31

Following National Grid evaluation guidelines, estimates of the summer peak kW, winter peak kW and 
percent of on-peak energy saved were derived from the model outputs.  

 weather data in lieu of the actual weather data that 
was used to calibrate the installed measure building model. The difference between these two model runs 
then resulted in the evaluation estimate of savings for all ECMs and included any interactive effects. 

The method of data collection and how the data was utilized in the DOE2.1E evaluation model for each of 
the installed measures is discussed in Section 4.  Table 11 in the appendix provides a list of all data points 
that were trended for the evaluation.  

3.3. Evaluation Results 

3.3.1. Model Verification 
The TAS utilized a detailed Visual DOE model to very thoroughly describe the building spaces, lighting 
system and building envelope components. Less detail was used to describe the HVAC system serving 
the building. Some of the lesser HVAC modeling detail was due to limitations of the model version used 
in the TAS, such as for the variable pumping systems that could not be accurately represented. Another 
significant change appears to be a modeling error, namely the lack of modeling the water side economizer 
system.   

3.3.2. Model Energy Use 
The available base case and interactive models provided from the TAS was modified to more accurately 
describe the base case and as installed conditions as discussed in Section 3.2.  Inputs to the installed 
model were derived from several data sources, including observations and one-time measurements made 

                                                                 
1 Weather data for the site was sourced from the nearest TMY3 station.  For the calibration model, the following fields were 

updated with actual weather data for 2010 provided by WeatherBank®: Ceiling Height, Dew Point, Dry Bulb Temperature, 
Horizontal Visibility, Cloud Cover, Wind Direction and Wind Speed.  For use in eQUEST, the updated TMY3 file was then 
converted to TMY2 and converted again to an eQUEST-compatible .bin file since no direct conversion from TMY3 to bin was 
publicly available.  The TMY3 station did not exist as a TMY2 station, so the nearest TMY2 station name appears in model 
reports.  Be assured that the weather file used for all modeling purposes was based on the nearest TMY3 station. 
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during the evaluation site visits; data collected during the late summer/fall and winter EMS trending data, 
construction documentation; manufacturer’s literature and professional judgment. The model was run 
using actual weather conditions for the twelve-month calibration period of January 2010 through 
December 2010 and calibrated to the utility metered electrical energy and purchased steam data. Table 3 
below summarizes the billing and building model energy use data of the calibrated installed model for the 
2010 evaluation period. As observed in the table, the model predicted annual electric consumption within 
0.8 percent of annual bills and all individual months to within 3.7 percent. 

Although the model was not specifically calibrated to electric demand, a comparison of the hourly 
modeled kW to hourly billing meter kW indicated that the modeled demand was within 15% of actual kW 
for 91% of the hours and within 25% for 99% of the hours. 

Table 3: DOE2.1E Installed Model Results and Billing Data 

 ELECTRIC STEAM 
2010 Billed kWh Modeled kWh % DIFF Billed MBTU Modeled MBTU % DIFF 

January 1,339,331  1,345,302 0.4% 9,892   9,332  -5.7% 
February 1,224,179  1,215,868 -0.7% 8,587  8,140  -5.2% 
March 1,401,999  1,391,027 -0.8% 7,648  8,081  5.7% 
April 1,433,733  1,409,219 -1.7% 7,077  7,098  0.3% 
May 1,650,292  1,613,174 -2.2% 6,039  6,288  4.1% 
June 1,813,666  1,769,780 -2.4% 4,758  5,115  7.5% 
July 2,052,258  1,976,206 -3.7% 5,100  5,084  -0.3% 
August 1,902,970  1,906,423 0.2% 5,157  5,159  0.0% 
September 1,720,341  1,702,732 -1.0% 5,103  5,262  3.1% 
October 1,493,520  1,512,891 1.3% 6,615  6,808  2.9% 
November 1,303,766  1,342,779 3.0% 8,027  7,865  -2.0% 
December 1,340,020  1,350,213 0.8% 9,584  9,099  -5.1% 
Total 18,676,075  18,535,612 -0.8% 83,586  83,330  -0.3% 

 

3.3.3. Annual Energy Savings 
The evaluation of annual savings for the measure interactive package produced an estimate of savings that 
was 2.7 percent less than the tracking estimate as indicated in Table 4 below. The evaluated packaged 
measure savings was determined by running the installed measure DOE2.1E model with typical weather 
data and comparing the evaluation usage to the base case model estimated usage. Individual runs were not 
made to determine measure savings since there were no TAS values to compare against. Details of the 
individual measure analyses are contained in Section 4.  

Table 4: Evaluated Annual Energy Savings 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Interactive  3,352,840 3,236,098 97.3% 
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The Table 4 evaluated savings is not significantly lower than the tracking estimate totals. However there 
were multiple changes to the model that had offsetting effects on energy savings. The primary reason for 
decreasing savings is due to the modeling error that did not include the water-side economizer. The 
economizer reduced the cooling load significantly so that the efficient chiller measure resulted in less 
energy savings. Offsetting the reduction in chiller savings were other factors that increased savings. One 
is the modeling of the variable flow pumping that was not modeled in the TAS analysis. Another change 
that increased savings was the adjustments to the lighting schedules based on trend data, which increased 
lighting usage, resulting in larger savings for the efficient lighting measure. Also the better than expected 
window performance reduced cooling energy slightly.  

3.3.4. Percent Energy On-Peak Savings 
The evaluation of percent energy savings that occurred during the on-peak period was significantly lower 
than the tracking estimate as indicated in Table 5 below. It is suspected that the tracking estimate is in 
error because the nature of the energy savings for this building is quite distributed across the year, 
especially for the tracking estimate where the chiller savings was spread across the entire year.  

Table 5: Evaluated Percent Energy On-Peak Savings 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Interactive  99% 46% 65% 

 

3.3.5. Summer Peak Diversified kW Reduction 
The evaluation estimate of summer peak diversified kW reduction is only slightly greater than the 
tracking estimate, as shown in Table 6.   

Table 6: Evaluated Summer Peak Diversified kW Reduction 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Interactive  396.3 407.4 103% 

 

3.3.6. Winter Peak Diversified kW Reduction 
During the winter peak period, the evaluation estimate shows a significant decrease in the diversified 
peak, compared to the estimate in the tracking database. Winter peak kW reductions are summarized in 
Table 7. Winter peak demand was significantly affected by reduced kW savings from the chiller measure 
due to the corrected modeling of the water side economizer.  

Table 7: Evaluated Winter Peak Diversified kW Reduction 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Interactive  394.3 293.2 74% 
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3.3.7. Non-electric Benefits 
This evaluation was not tasked with estimating purchased steam savings except when the savings 
naturally result from evaluating electric savings. All measures with interactive steam savings have been 
included in the DOE2.1E model evaluation of the electrical measures in this evaluation.  

The only non-electrical benefit that occurs is from purchased steam energy savings interactive with the 
electrical savings. Table 8 lists the interactive evaluation savings estimates for steam impacts. No tracking 
estimates were made for steam savings. 

Although individual measure runs were not made in this evaluation, it was expected that the efficient 
windows and increased wall and ceiling insulation measures would be the primary drivers of steam 
heating reductions. The lighting measure and the premium efficiency motors are expected to increase 
space heating requirements. The chiller, cooling tower and pumping measures were not expected to have 
any impact on steam consumption.  

As observed in the table, steam savings of 12,787 MBtu/year resulted from the installed ECM. This 
represented a 13.1% reduction in steam consumption from base case steam consumption. 

Table 8: Evaluated Total Steam Savings (MBtu/year) 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Interactive  N/A 12,787 N/A 
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4. MEASURE-LEVEL ANALYSIS 
4.1. ECM-1 High Efficiency Lighting 

4.1.1. Tracking Estimate Approach 
Measure description 

This measure provided for a reduced lighting power density (LPD) from the baseline design. Based on the 
interactive Visual DOE model, the measure LPD was estimated at 1.46 W/sq-ft. Lighting on-time during 
the day assumed a 100% on-time diversity factor. For non-occupied periods, fixtures were assumed on 
with diversity factors ranging from 0% to 20% on, depending on the area considered. The nominal 
lighting on time schedule was defined as occupied from 8 AM to 6 PM all days of the week.  

The TAS base case lighting design requires Hospital/Healthcare facilities to have an average lighting 
power density of 1.6 W/sq-ft or less. The base case Visual DOE model had a LPD of 1.64 W/sq-ft.  

Analysis Method 

The measure was analyzed within the Visual DOE models to account for internal gains from lighting, 
which accounts for interactions with the building’s heating and cooling systems. Energy saving were 
included only in the total project savings run including all measures and their interactions.  

4.1.2. Evaluation Approach 
Data gathered 

EMS Data: KW trend log data for nine lighting panels on nine different floors of the building. Trend data 
was collected at 15 minute intervals for approximately two months. 

Short term metering: N/A. 

One time measurements (and other data sources):

The lighting panel trend log data was averaged across all trended panels since the lighting drawings did 
not provide adequate detail to clearly identify the LPD and specific spaces associated with each panel. 
The averaged data indicated that average on time was greater than what was assumed in the TAS. The 
building is occupied all hours of the year and the data indicated a range of diversity factors between a 
minimum of 59% on at night during weekends to a maximum of 83% on during daytime week days. 
Diversity factors were calculated from the trend log data for each hour as the kW for that hour divided by 
the peak kW that occurred during the trending period. Based on the field checked as-built drawings, the 
Lighting Compliance Certificate and spot checking of the lighting power density in the TAS Visual DOE 
model, the TAS lighting power densities in the model were accepted as an accurate representation of the 
building lighting system at 1.46 W/sq-ft. Average fixture on-time profiles from the lighting panel trend 
data that were used to update the interactive model are located in the appendix.  

 Field checked as-built drawings for accuracy with 
actual installed fixtures. Spot-checked the lighting power density from fixture schedule and lighting 
layout for a few of the modeled HVAC zones.  
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Verification 

The installed lighting power density values were verified by comparing installed fixtures with the as-built 
drawings. Lighting percent on-time profile factors were derived from the lighting panel kW trend data. 
LPD in the TAS model was spot checked for accuracy. The TAS model total building LPD was consistent 
with the Lighting Compliance Certificate LPD.  

Analysis Method 

For the evaluation model of the installed measure, the TAS model lighting power density was accepted as 
an accurate representation of the lighting power density by zone. Lighting diversity schedules in the 
model were updated based on the lighting panel trend data. Key parameters that affect measure savings 
are summarized in the table below.  

Table 9: Key Evaluation and TAS  Model Inputs for High Efficiency Lighting 

Parameter  Definition  
TAS  

Model  
Evaluation  

Model  
Source  

Light % on 
time schedule 

Profile of fixture on 
time expressed as a 
decimal fraction for 
each hour  

Estimated to 
range from 0.0 
to 1.0 

Profile derived from lighting 
trend data. Range from 0.59 to 
0.83 

Lighting panel kW 
trend data 

Installed LPD Average lighting 
power density in 
watts/sq-ft 

1.46 1.46 
 

Construction 
drawings and 
Lighting Compliance 
Certificate 

Base LPD Average base lighting 
power in watts/fr2 

1.64 1.64 TAS 

 

4.1.3. Evaluated Savings  
Energy saving were included only in the total project savings runs, which included all measures and their 
interactions. As a result, ECM-specific savings values are not available.   

4.2. ECM-2 High Efficiency Windows 

4.2.1. Tracking Estimate Approach 
Measure description 

This measure involved installing building glazing in excess of building code minimum standards. Four 
different glass types were installed in the building with shading coefficients that ranged from 0.33 to 0.44, 
and with glass U-values of 0.46. The TAS base case specified two different glass types with shading 
coefficients of 0.45 and 0.57, and with glass U-values of 0.539.  

Analysis Method 

The measure was analyzed within the Visual DOE models to account for solar heat gains as well as 
convective and conductive heat transfer, which affects the building’s heating and cooling system energy 
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use. Energy savings were calculated only in the total project savings run including all measures and their 
interactions. The energy and demand savings were achieved from reduced solar heat gain and from 
decreased envelope heat gain and loss. 

4.2.2. Evaluation Approach 
Data Gathered 

EMS data: not applicable. 

Short term metering: not applicable. 

One time measurements

Verification 

 (and other data sources): Data to support the evaluation was obtained from a 
review of the construction submittal documents and specifications to determine the specific installed 
glazing parameters.  During field visits site observations of the installed glazing were made. The glazing 
areas conformed to the values used in the TAS, except the glass performance characteristics were slightly 
different. 

Measure verification was accomplished via construction document review and site observations. 

Analysis Method 

For the evaluation, the installed measure was analyzed in the DOE2.1E model by specifying the glass 
characteristics of U-value, shading coefficient and visual transmittance. The base case glazing parameters 
from the TAS model were used for the DOE2.1E base case model. 

Table 9 summarizes the key measure parameters that were utilized in the TAS and in the evaluation 
models.  As can be seen in the table, only a portion of the installed window performance characteristics 
were different from the TAS values.  Those that are different are highlighted in bold print for easy 
reference. 

Table 10: Key Evaluation and TA Bin Model/eQUEST Parameters for Efficient Glazing  

Glass 
Type Definition  

TA Study  
Model  

Evaluation  
Model  

1 Shading Coefficient Proposed 0.44 
Base case 0.57 

Installed 0.44 
Base case 0.57 

1 U-Value Proposed 0.46 
Base case 0.54 

Installed 0.29 
Base case 0.54 

1 Visual Transmittance Proposed 0.70 
Base case 0.70 

Installed 0.70 
Base case 0.70 

2 Shading Coefficient Proposed 0.40 
Base case 0.45 

Installed 0.37 
Base case 0.45 

2 U-Value Proposed 0.46 
Base case 0.54 

Installed 0.29 
Base case 0.54 

2 Visual Transmittance Proposed 0.60 
Base case 0.60 

Installed 0.55 
Base case 0.60 
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Glass 
Type Definition  

TA Study  
Model  

Evaluation  
Model  

3 Shading Coefficient Proposed 0.33 
Base case N/A 

Installed 0.33 
Base case N/A 

3 U-Value Proposed 0.46 
Base case N/A 

Installed 0.29 
Base case N/A 

3 Visual Transmittance Proposed 0.49 
Base case N/A 

Installed 0.49 
Base case N/A 

4 Shading Coefficient Proposed 0.40 
Base case N/A 

Installed 0.40 
Base case N/A 

4 U-Value Proposed 0.46 
Base case N/A 

Installed 0.30 
Base case N/A 

4 Visual Transmittance Proposed 0.44 
Base case N/A 

Installed 0.44 
Base case N/A 

 

4.2.3. Evaluated Savings  
Energy saving were included only in the total project savings runs, which included all measures and their 
interactions. As a result, ECM-specific savings values are not available. 

4.3. ECM-3 Roof Insulation 

4.3.1. Tracking Estimate Approach 
Measure description 

This measure involved installing roof insulation in excess of building code minimum standards. This 
resulted in the installation of R-25 roof insulation instead of the base case value of R-15 roof insulation  

Analysis Method 

The measure was analyzed within the Visual DOE models to account for reduction in conduction heat 
gains and losses from the roof surface which impacts the building’s heating and cooling system energy 
use. Energy saving were included only in the total project savings run, including all measures and their 
interactions.  

4.3.2. Evaluation Approach 
Data Gathered 

EMS data: not applicable. 

Short term metering: not applicable. 

One time measurements (and other data sources): Data to support the evaluation was obtained from a 
review of the construction submittal documents and specifications to determine the specific installed 
glazing parameters. The roof areas and R-values conformed to the values used in the TAS. 
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Verification 

Measure verification was accomplished via construction document review. 

Analysis Method 

For the evaluation, the installed measure was analyzed in the DOE2.1E model as it was in the Visual 
DOE model used in the TAS. No changes to the models were required.  

4.3.3. Evaluated Savings  
Energy saving were included only in the total project savings runs, which included all measures and their 
interactions. As a result, ECM-specific savings values are not available. 

4.4. ECM-4 Wall Insulation 

4.4.1. Tracking Estimate Approach 
Measure description 

This measure involved installing wall insulation in excess of building code minimum standards. This 
resulted in the installation of R-21 wall insulation instead of the base case value of R-11 wall insulation.  

Analysis Method 

The measure was analyzed within the Visual DOE models to account for reduction in conduction heat 
gains and losses from the exterior wall surfaces, which impacts the building’s heating and cooling 
systems’ energy use. Energy savings were included only in the total project savings runs, which included 
all measures and their interactions.  

4.4.2. Evaluation Approach 
Data Gathered 

EMS data: not applicable. 

Short term metering: not applicable. 

One time measurements

Verification 

 (and other data sources): Data to support the evaluation was obtained from a 
review of the construction submittal documents and specifications to determine the specific installed 
glazing parameters. The wall areas and R-values conformed to the values used in the TAS. 

Measure verification was accomplished via construction document review. 

Analysis Method 

For the evaluation, the installed measure was analyzed in the DOE2.1E model as it was in the Visual 
DOE model used in the TAS. No changes to the models were required.  
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4.4.3. Evaluated Savings  
Energy saving were included only in the total project savings runs, which included all measures and their 
interactions. As a result, ECM-specific savings values are not available.   

4.5. ECM-5 High Efficiency Chillers 

4.5.1. Tracking Estimate Approach 
Measure description 

The measure included the installation of three 800-ton high efficiency chillers. The CenTraVac chillers 
installed were manufactured by Trane and have the model designation of CVHF770.  The efficient 
chillers employed variable speed drives on the compressors and vary primary chilled water flow (see 
ECM-7) to maintain a constant temperature difference between the entering and exiting chilled water 
flows. The efficient chillers have a rated efficiency of 0.567 kW/ton, compared to the base case chillers 
rated at 0.576 kW/ton. The part load efficiency of the installed chiller is significantly improved due to the 
VFD operation. 

Analysis Method 

The measure was analyzed within the Visual DOE models to account for the reduction in chiller energy 
requirements.  The rated chiller performances mentioned above were specified in the base case model; 
however the proposed model specified the rated efficiency as 0.53 kW/ton.  Chiller specific part load 
performance data was obtained from the manufacturer for both the base case and proposed chillers. The 
data was used to define the equipment performance curves in the model. The curves include: 1) a capacity 
curve (-CAP-FT) to describe the capacity correction based on variations in temperatures from the rated 
conditions of entering condenser water and exiting chilled water; 2) an efficiency curve (-EIR-FT) to 
describe the efficiency correction based on variations in temperatures from the rated conditions of 
entering condenser water and exiting chilled water; and 3) an efficiency part load curve (-EIR-FPLR) to 
describe variations in efficiency based on the fraction of full load the chiller is operating at.  Energy 
savings were included only in the total project savings runs, which included all measures and their 
interactions.  

4.5.2. Evaluation Approach 
Data gathered 

EMS Data: Trend data was collected every 15 minutes of chiller kW, chiller tons, chilled water supply 
and return temperatures and outdoor air temperature for about two months from about mid-September to 
mid-November. Chiller tons and chilled water supply and return temperatures were also trended with 
outdoor air temperature during December and January.   

Short term metering: N/A.  

One time measurements (and other data sources): Construction submittal documents. 
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The trend data was graphed and summarized to verify that the chillers perform as expected. Data was also 
analyzed to compare of chilled water temperature with outside air temperature and chiller tons to 
determine the operating point of the waterside economizer.  Graphs and summarized data are presented in 
the appendix.  

Verification 

 Design documentation was reviewed to verify the equipment capacity and ratings.  The TAS analysis 
used a rated chiller performance of 0.53 kW/ton instead of the value obtained in the construction 
submittal (manufacturer’s data) of 0.567 kW/ton.  The trend data was reviewed and it was determined that 
the water side economizer operated at outdoor temperatures below 45°F.  Based on trend data, the 
average chiller efficiency ranged between 0.37 and 0.50 kW/ton, which is consistent with the chiller 
performance data. There was not enough performance data available from the manufacturer to verify the 
performance curves use in the Visual DOE model for the installed chiller, so we assumed that the curves 
were accurate.   

Analysis Method 

Based on the verification of collected data, the models were modified to include operation of the 
waterside economizer at outdoor temperatures below 45°F.  The model for the installed case was also 
updated to include the correct rated chiller efficiency. The chiller performance curves defined in the TAS 
analysis were unchanged for both the base case and installed models.  The annual chiller energy 
consumption was estimated from the trend data and compared to the installed model chiller energy use. 
The two values were within about 10% of each other.  

4.5.3. Evaluated Savings  
Energy saving were included only in the total project savings runs, which included all measures and their 
interactions. As a result, ECM-specific savings values are not available. 

4.6. ECM-6 Efficient Cooling Tower 

4.6.1. Tracking Estimate Approach 
Measure description 

The measure provided higher-efficiency cooling towers for the chiller plant. Each of the three cooling 
towers has a design capacity of 9.6 MBtu per hour or 800 tons. The more efficient towers have a design 
approach temperature of 5°F instead of the base case design approach of 10°F. The efficient towers are 
also controlled with wet-bulb reset temperature control down to 55°F condensing water temperature 
instead of the base case with constant 85°F condensing water temperature setpoint. Both the base case and 
installed cooling towers were assumed to have VFD fan control and were therefore not part of the ECM.  
Energy savings was achieved through more efficient heat rejection from the building and more efficient 
chiller operation due to reduced condenser water temperatures. 
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Analysis Method 

The measure was analyzed within the Visual DOE models to account for reduction in heat rejection 
energy requirements and the resulting improvements to chiller efficiency due to reduced condenser water 
temperatures.  The model changes to the design approach temperature, and setpoint control strategy as 
mentioned above, were included in the base case and proposed models.  Energy saving were included 
only in the total project savings runs, which included all measures and their interactions.  

4.6.2. Evaluation Approach 
Data gathered 

EMS Data: Cooling tower fan amps were trended for one week during summer and for about one month 
during the winter.  

Short term metering: N/A. 

One time measurements (and other data sources):

Verification 

 Design documentation and one-time observation of 
condenser water setpoints.  

Design documentation was reviewed to verify the equipment capacity and rating. Trend data were 
reviewed to verify that the variable fan speed was occurring. The condenser water setpoint control was 
verified from one-time observation of condenser water temperature setpoints. Graphs and summaries of 
the trend data are included in the appendix. 

Analysis Method 

Design values from the construction documents were verified to be consistent with the values used in the 
TAS proposed model. Therefore, the cooling tower parameters were accepted as accurate and used in the 
evaluation models. The values specified in the model included cooling tower size (9.6 MBtu/hour), design 
approach temperature (5°F), and condensing temperature control set to wet-bulb reset control with 
condensing water setpoint at 85°F with reset capable to a minimum of 55°F. The cooling tower fan amp 
trend logs were used to estimate the annual fan energy. The heat rejection energy use resulting from the 
installed model includes both cooling tower fan energy and condenser water pump energy. The modeled 
heat rejection energy was compared to the estimates of fan and pump energy derived from the data 
collection. The modeled energy was about 354,000 kWh /year, compared to the estimated end use of 
338,000 kWh/year, or about 5% greater that expected. From this comparison, it was deemed that the 
model was a reasonable representation of the cooling tower operation.  

For the base case, the cooling tower design approach was set to 10°F and the condensing water 
temperature control was set to a constant 85°F.   

4.6.3. Evaluated Savings  
Energy saving were included only in the total project savings runs, which included all measures and their 
interactions. As a result, ECM-specific savings values are not available.  
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4.7. ECM-7 VSDs on Chilled Water Pumps 

4.7.1. Tracking Estimate Approach 
Measure description 

The measure provided for variable primary chilled water flow through the chillers. The installed system 
included four 40-horsepower chilled water pumps (with one as backup) to circulate chilled water through 
the chillers and the building loop to the air handlers. The chilled water pumps had variable frequency 
drives to adjust flow to maintain a constant temperature difference between supply and return chilled 
water temperatures. The base case configuration was assumed to be constant flow pumping through the 
chillers with a variable flow secondary chilled water loop through the building to the air handlers.  The 
measure also included variable frequency drives on the four 30-horsepower condenser water pumps (with 
one as backup) to circulate water between the chillers and the cooling towers.  Base case operation 
assumed constant flow condenser water pumps. Energy savings resulted from the improved efficiency of 
variable, versus constant volume, pumping.  

Analysis Method 

The TAS analysis did not include this measure. It is assumed that it was not analyzed due to the 
limitations of the Visual DOE model version used in the TAS analysis.  

4.7.2. Evaluation Approach 
Data gathered 

EMS Data:  Chilled water circulation pump amps and chilled water supply and return temperature (°F) 

Short term metering: N/A 

One time measurements (and other data sources):

The gathered data indicated the actual variable flow operation of the chilled water pumps and the 
temperatures of supply and return chilled water. The data was used to estimate the annual pump energy to 
assess the accuracy of the modeled total pumping energy. Graphs and data summaries derived from the 
trended and measured data are presented in the appendix.  

 Recorded amp and percent speed of condenser water 
pumps. 

Verification 

The operation of the pump VSDs was observed in the field as well as from EMS data. The chilled water 
supply and return temperatures were relatively constant during both summer/fall operation and during the 
winter with the water-side economizer in operation. Chilled water supply was observed at about 40°F and 
chilled water return was observed to range between about 46°F and 50°F during the winter and between 
50°F and 55°F during the summer. Chilled water is required year around in the building, although at 
significantly lower levels during cold weather as indicated by the EMS data.  
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Analysis Method 

Design values from the construction documents were entered into the DOE2.1E installed model. The 
values specified included pump head, motor and pump efficiency and the control parameters specifying 
variable flow. For the base case, the chilled water system was specified as a constant volume primary 
loop through the chillers with a variable volume secondary loop through the building to the air handlers.  
Adjustments were made to calibrate the pumping end use to the expected pumping energy consumption 
calculated from the data collection. The installed modeled pumping end use consumption that resulted 
was about 316,000 kWh/year, compared to the estimated pumping energy of 326,000 kWh/year. The 
pumping energy for the condenser water loop is included in the cooling tower end use, which was 
calibrated to expected energy use, as discussed in Section 4.6. The model does not allow direct 
specification of variable speed condenser water pumps, so the measure was simulated by modifying the 
water flow rate between the chiller and the cooling towers. 

4.7.3. Evaluated Savings  
Energy saving were included only in the total project savings runs, which included all measures and their 
interactions. As a result, ECM-specific savings values are not available.  

4.8. ECM-8 Efficient Motors 

4.8.1. Tracking Estimate Approach 
Measure description 

The measure utilized NEMA premium-efficiency motors for the supply and return fans in ten air handling 
units, the three cooling tower fans, the four chilled water pumps, four condenser water pumps and the two 
heating hot water pumps. Where premium motors are used in AHUs, a slight decrease in fan heat results 
in decreased cooling load, but increases steam usage on the heating side. Energy savings was achieved 
from improved motor efficiency of the premium motors.   

Analysis Method 

The measure was analyzed within the Visual DOE models to account for reduction in fan heat gains in the 
air handlers, which were part of the building’s heating and cooling system.  The air handler kW per unit 
airflow was modified between the base case and proposed models. For the condenser water pumps, the 
pump efficiency was modified between base case and proposed model runs.  The cooling tower fan 
efficiency improvement was accounted for in the change in cooling tower fan capacity. The heating hot 
water and chilled water pump efficiency improvements were not included as part of the model changes.  
Energy saving were included only in the total project savings runs, which included all measures and their 
interactions.  
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4.8.2. Evaluation Approach 
Data gathered 

EMS Data: N/A 

Short term metering: N/A 

One time measurements (and other data sources):

The nameplate data obtained was compared with the NEMA nominal efficiency data. Information on the 
motor nameplate efficiencies and model changes are summarized in the appendix.  

 Obtained installed motor efficiency from nameplate 
when available.  

Verification 

The efficiency of the installed motors was verified by nameplate data where the motors were accessible. 
The air handler and cooling tower fan motors were not accessible, but the pump motors were. All 
accessible nameplates indicated premium efficiency motors were installed.  

Analysis Method 

For the evaluation base case and installed DOE2.1E models, the model parameters were accepted as an 
accurate representation of the efficient motor measure for all the fan motors.  For the pump motor 
efficiency changes, most of which were not modeled in the TAS analysis, base case and installed model 
efficiency values were updated or added to model the measure using data from site inspection verification 
efforts.    

4.8.3. Evaluated Savings  
Energy saving were included only in the total project savings runs, which included all measures and their 
interactions. As a result, ECM-specific savings values are not available.  
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5. APPENDICES 
5.1. EMS and Short-Term Monitoring Details 
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Table 11: Monitored Points  

Trend Point August September October November December January

Cooling Tower 1 Amps 8-24 thru 8-31 12-6 thru 12-31 1-1 thru 1-31
Colling Tower 1 Speed 8-24 thru 8-31
Cooling Tower 2 Amps 8-24 thru 8-31 12-6 thru 12-31 1-1 thru 1-23
Colling Tower 2 Speed 8-24 thru 8-31
Cooling Tower 3 Amps 8-24 thru 8-31 12-6 thru 12-31 1-1 thru 1-17
Colling Tower 3 Speed 8-24 thru 8-31
OAT 8-24 thru 8-31 9-12 thru 9-30 10-1 thru 10-31 11-1 thru 11-30 12-1 thru 12-31 1-1 thru 1-28
RH 9-12 thru 9-30 10-1 thru 10-31 11-1 thru 11-30 12-1 thru 12-31 1-1 thru 1-28
Chilled water pump 1 Amps 8-24 thru 8-26 9-12 thru 9-30 10-1 thru 10-31 11-1 thru 11-9 12-6 thru 12-31 1-1 thru 1-30
Chilled water pump 1 Speed
Chilled water pump 2 Amps 8-24 thru 8-26 12-6 thru 12-31 1-1 thru 1-17
Chilled water pump 2 Speed
Chilled water pump 3 Amps 8-24 thru 8-26 12-6 thru 12-31 1-1 thru 1-17
Chilled water pump 3 Speed
Chilled water pump 4 Amps 8-24 thru 8-26 12-6 thru 12-31 1-1 thru 1-17
Chilled water pump 4 Speed
Chilled water supply temp 9-12 thru 9-30 10-1 thru 10-31 11-1 thru 11-9 12-6 thru 12-31 1-1 thru 1-30
Chilled water return temp 9-12 thru 9-30 10-1 thru 10-31 11-1 thru 11-9 12-6 thru 12-31 1-1 thru 1-30
Chiller 1 compressor power 8-24 thru 8-31 9-12 thru 9-30 10-1 thru 10-31 11-1 thru 11-9
Chiller 1 tons 9-12 thru 9-30 10-1 thru 10-31 11-1 thru 11-9 12-6 thru 12-31 1-1 thru 1-31
Chiller 1 Flow Meter 8-24 thru 8-31
Chiller 1 GPM 8-24 thru 8-31
Chiller 2 compressor power 8-24 thru 8-31 9-12 thru 9-30 10-1 thru 10-31 11-1 thru 11-9
Chiller 2 tons 9-12 thru 9-30 10-1 thru 10-31 11-1 thru 11-9 12-6 thru 12-31 1-1 thru 1-28
Chiller 2 Flow Meter 8-24 thru 8-31
Chiller 2 GPM 8-24 thru 8-31
Chiller 3 compressor power 8-24 thru 8-31 9-12 thru 9-30 10-1 thru 10-31 11-1 thru 11-9
Chiller 3 tons 9-12 thru 9-30 10-1 thru 10-31 11-1 thru 11-9 12-6 thru 12-31 1-1 thru 1-28
Chiller 3 Flow Meter 8-24 thru 8-31
Chiller 3 GPM 8-24 thru 8-31
AHU 1 SF Amps 8-24 thru 8-31 11-29 thru 11-30 12-1 thru 12-31
AHU 1 SF CFM 8-24 thru 8-31
AHU 1 SF VFD Speed 8-24 thru 8-31
AHU 1 RF Amps 8-24 thru 8-31 12-6 thru 12-31 1-1 thru 1-9
AHU 1 RF CFM 8-24 thru 8-31
AHU 1 RF VFD Speed 8-24 thru 8-31
AHU 2 RF Amps 8-24 thru 8-31
AHU 2 RF CFM 8-24 thru 8-31
AHU 2 RF VFD Speed 8-24 thru 8-31
AHU 10 SF VFD Speed 8-24 thru 8-31
AHU 10 RF VFD Speed 8-24 thru 8-31
Ten Lighting panels total kW 12-1 thru 12-31 1-1 thru 1-28  
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5.2. Data Summaries by Measure 
5.2.1. ECM-1 High Efficiency Lighting 

Table 12: Trended Average Lighting Panel Fraction of Full Load kW by Hour and Daytype  

Average of total all panels Hour
Day of 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

1 0.60 0.60 0.60 0.60 0.60 0.59 0.60 0.64 0.73 0.79 0.81 0.82 0.82 0.81 0.81 0.81 0.82 0.82 0.79 0.77 0.75 0.71 0.68 0.66
2 0.64 0.62 0.62 0.62 0.61 0.62 0.62 0.66 0.75 0.80 0.82 0.82 0.83 0.83 0.83 0.83 0.83 0.84 0.84 0.82 0.77 0.72 0.68 0.65
3 0.62 0.61 0.60 0.60 0.59 0.59 0.60 0.65 0.73 0.78 0.82 0.83 0.85 0.85 0.85 0.85 0.85 0.85 0.85 0.84 0.80 0.75 0.73 0.70
4 0.66 0.64 0.64 0.64 0.64 0.64 0.64 0.68 0.75 0.81 0.83 0.84 0.84 0.84 0.83 0.84 0.84 0.85 0.84 0.82 0.79 0.73 0.70 0.68
5 0.66 0.65 0.64 0.64 0.64 0.64 0.64 0.67 0.74 0.78 0.80 0.81 0.81 0.81 0.80 0.81 0.81 0.82 0.78 0.77 0.74 0.71 0.68 0.67
6 0.64 0.63 0.63 0.62 0.62 0.62 0.63 0.65 0.69 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.70 0.69 0.67 0.65 0.63 0.61
7 0.60 0.59 0.58 0.57 0.56 0.56 0.57 0.59 0.63 0.64 0.64 0.65 0.65 0.66 0.66 0.66 0.66 0.66 0.66 0.66 0.65 0.62 0.61 0.61

Grand Total 0.63 0.62 0.61 0.61 0.61 0.61 0.62 0.65 0.72 0.76 0.78 0.79 0.79 0.79 0.79 0.79 0.79 0.80 0.78 0.77 0.74 0.70 0.68 0.66
Average of all sampled panels
Week days 0.64 0.62 0.62 0.62 0.62 0.62 0.62 0.66 0.74 0.79 0.82 0.83 0.83 0.83 0.83 0.83 0.83 0.83 0.82 0.80 0.77 0.72 0.70 0.67
Week ends 0.62 0.61 0.60 0.60 0.59 0.59 0.60 0.62 0.66 0.67 0.67 0.67 0.68 0.68 0.68 0.68 0.68 0.68 0.68 0.67 0.66 0.63 0.62 0.61

 

 

5.2.2. ECM-2 High Efficiency Windows 

No Data Summaries 

 

5.2.3. ECM-3 Roof Insulation 

No Data Summaries 

 

5.2.4. ECM-4 Wall Insulation 

No Data Summaries 
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5.2.5. ECM-5 High Efficiency Chillers 

Table 13: Chiller Energy Consumption Based on Trended Data  

August September October November December January

Chiller 1 Days 
metered 22.8% 63.3% 100.0% 30.1% 82.4% 88.3%
Chiller 1 kWh 195,992 128,974 47,960 17,534 4,595 4,908
Chiller 2 Days 
metered 23.0% 63.3% 100.0% 30.0% 83.9% 96.9%
Chiller 2 kWh 38,719 149,700 20,767 6,873 2,367 287
Chiller 3 Days 
metered 23.0% 63.3% 100.0% 30.0% 82.4% 74.5%
Chiller 3 kWh 187,943 61,886 77,498 4,037 646 164
Total Chiller kWh 422,654 340,560 146,224 28,444 7,609 5,359

Annual Chiller kWh (2 times the six month total) 1,901,701            

Extrapolated kWh per month
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Figure 1: Trended Data Summary Plots for Chiller 1 
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Figure 2: Trended Data Summary Plots for Chiller 2 
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Figure 3: Trended Data Summary Plots for Chiller 3 
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5.2.6. ECM-6 Efficient Cooling Towers 

Table 14: Cooling Tower Energy Consumption Based on Trended Data  

August September October November December January

Cooling Tower 1 Days 
metered 23.0% 0.0% 0.0% 0.0% 83.9% 96.9%

Cooling Tower 1 kWh 4,343 6,328 797
Cooling Tower 2 Days 
metered 23.0% 0.0% 0.0% 0.0% 83.9% 74.2%

Cooling Tower 2 kWh 14,607 0 4,465
Cooling Tower 3 Days 
metered 23.0% 0.0% 0.0% 0.0% 83.9% 51.7%

Cooling Tower 3 kWh 10,340 5,829 3,920
Total Cooling Tower 
kWh 29,291 12,156 9,182

Annual Cooling Tower Fan kWh (3 times August kWh plus nine times December kWh) 197,280
Annual Condenser Water Pump kWh (Prorated from chilled water pump energy based on pump hp) 141,143
Total Annual Cooling Tower kWh 338,423

Extrapolated kWh per month
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Figure 4: Trended Data Summary Plots for Total Cooling Tower Capacity 
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5.2.7. ECM-7 VFDs on Chilled Water Pumps 

Table 15: Chilled Water Pump Energy Consumption Based on Trended Data  

August September October November December January

CHW Pump 1 Days 
metered 9.1% 63.3% 100.0% 30.1% 83.9% 29.2%
CHW Pump 1 kWh 204 8,528 4,748 1,950 7,873 6,155
CHW Pump 2 Days 
metered 9.1% 0.0% 0.0% 0.0% 83.9% 0.0%
CHW Pump 2 kWh 18,023 3,668
CHW Pump 3 Days 
metered 9.1% 0.0% 0.0% 0.0% 83.9% 0.0%
CHW Pump 3 kWh 21,644 351
CHW Pump 4 Days 
metered 9.1% 0.0% 0.0% 0.0% 83.9% 0.0%
CHW Pump 4 kWh 0 311
Total CHW Pumps 
kWh 39,871 8,528 4,748 1,950 12,202 6,155

Annual Chilled Water Pump kWh (2 times August kWh plus nine times December kWh) 229,432               

Extrapolated kWh per month
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Figure 5: Trended Data Summary Plots for Total Chilled Water Pump Capacity 

 

 

5.2.8. ECM-8 Efficient Motors 

No Data Summaries 
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5.3. Model Outputs  
5.3.1. Baseline 

Green Design Tools                                                               DOE-2.1E-133   3/24/2011     1:20:23  PDL RUN  1 
Base upsized                            :\Shapiro\12-10-08\Oct 07 Model.gph     VisualDOE ver 4.1.2                      
REPORT- BEPU  BUILDING ENERGY PERFORMANCE SUMMARY (UTILITY UNITS)                           WEATHER FILE- BOSTON LOGAN INT' MA 
--------------------------------------------------------------------------------------------------------------------------------- 
 
 
 
                                  ENERGY TYPE:   ELECTRICITY   STEAM         NATURAL-GAS  
                                   SITE UNITS:       KWH           MBTU          THERMS   
 
                               CATEGORY OF USE 
                               --------------- 
 
                                   AREA LIGHTS      4646008.            0.            0. 
 
                                  MISC EQUIPMT      6985635.            0.            0. 
 
                                    SPACE HEAT            0.        97904.            0. 
 
                                    SPACE COOL      2804993.            0.            0. 
 
                                   HEAT REJECT       463477.            0.            0. 
 
                                  PUMPS & MISC      1042943.            0.            0. 
 
                                     VENT FANS      5533026.            0.            0. 
 
                                  DOMHOT WATER            0.            0.          132. 
                                                  ----------    ----------    ---------- 
 
                                         TOTAL     21476080.        97904.          132. 
 
 
 
           TOTAL ELECTRICITY  21476080. KWH        52.622 KWH     /SQFT-YR GROSS-AREA   52.622 KWH     /SQFT-YR NET-AREA 
           TOTAL STEAM           97904. MBTU        0.240 MBTU    /SQFT-YR GROSS-AREA    0.240 MBTU    /SQFT-YR NET-AREA 
           TOTAL NATURAL-GAS       132. THERMS      0.000 THERMS  /SQFT-YR GROSS-AREA    0.000 THERMS  /SQFT-YR NET-AREA 
 
 
                   PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE =100.0 
                   PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                =  0.0 
 
                   NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES. 
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5.3.2. All ECMs 

Green Design Tools                                                               DOE-2.1E-133   3/24/2011     0:26:04  PDL RUN  1 
Design Case                             :\Shapiro\12-10-08\Oct 07 Model.gph     VisualDOE ver 4.1.2                      
REPORT- BEPU  BUILDING ENERGY PERFORMANCE SUMMARY (UTILITY UNITS)                           WEATHER FILE- BOSTON LOGAN INT' MA 
--------------------------------------------------------------------------------------------------------------------------------- 
 
 
 
                                  ENERGY TYPE:   ELECTRICITY   STEAM         NATURAL-GAS  
                                   SITE UNITS:       KWH           MBTU          THERMS   
 
                               CATEGORY OF USE 
                               --------------- 
 
                                   AREA LIGHTS      4111164.            0.            0. 
 
                                  MISC EQUIPMT      6985635.            0.            0. 
 
                                    SPACE HEAT            0.        85116.            0. 
 
                                    SPACE COOL      1980897.            0.            0. 
 
                                   HEAT REJECT       334798.            0.            0. 
 
                                  PUMPS & MISC       279555.            0.            0. 
 
                                     VENT FANS      4548078.            0.            0. 
 
                                  DOMHOT WATER            0.            0.          132. 
                                                  ----------    ----------    ---------- 
 
                                         TOTAL     18240126.        85116.          132. 
 
 
 
           TOTAL ELECTRICITY  18240126. KWH        44.693 KWH     /SQFT-YR GROSS-AREA   44.693 KWH     /SQFT-YR NET-AREA 
           TOTAL STEAM           85116. MBTU        0.209 MBTU    /SQFT-YR GROSS-AREA    0.209 MBTU    /SQFT-YR NET-AREA 
           TOTAL NATURAL-GAS       132. THERMS      0.000 THERMS  /SQFT-YR GROSS-AREA    0.000 THERMS  /SQFT-YR NET-AREA 
 
 
                   PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE =100.0 
                   PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                =  0.0 
 
                   NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES. 
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1. SUMMARY 
This site report presents the results of an impact evaluation performed by SBW Consulting, Inc. for a 
Comprehensive Design Approach  (Design 2000plus) project completed in 2008 for Application 
#WM06C224. This site is one of five sites sampled for the program evaluation.  The purpose of the 
evaluation is to re-estimate the original Technical Assistance Study (TAS) energy and demand to verify 
the results for which incentives were paid to the customer.  

This project includes eight efficiency improvements that were incorporated during initial construction of a 
university science building. One measure improved the control of the lighting system, and the remaining 
seven measures improved the efficiency of both the air and water sides of the HVAC systems. Table 1 
summarizes estimates of savings for the package of measures in this project, from the original tracking 
database and the evaluation analysis. 

The difference between the tracking and evaluated savings estimates is due to a combination of variances 
between the proposed and installed measure configurations, how they were operated, and methods of 
analysis. Three measures were judged to be zero savers, one of which was installed but not above 
minimum code requirement and the other two due to improper implementation of control schemes.  For 
four measures the differences between evaluated and tracking system savings was primarily due to the 
difference in model inputs. Specific differences in the savings estimates are contained in the discussions 
of measures in Section 4.  

Table 1: Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking1 
Annual Energy, kWh 1,180,771 158,284 13% 

Percent Energy On-peak 99% 29% 29% 
Summer Peak Diversified kW  507 -7.0 -1% 
Winter Peak Diversified kW  127 25.1 20% 

1 The Tracking Estimate savings in this table are based on total of individual measure savings while the Evaluated savings are based on total 
interactive savings of the package of measures.  Therefore, the Evaluated % of Tracking values in this table are different than what is 
presented in the more detailed tables below. 
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2. PROJECT DESCRIPTION 
This Design 2000plus project includes eight efficiency improvements that were installed during initial 
construction of a four-story 160,000 square-foot university science building.    

The installed improvements impact the HVAC and lighting systems. They were selected by the owner 
from a list of measures that were identified in a TAS completed in 2007. The installed measures are 
described in Table 2. The estimates of energy savings, taken from the project documentation, are also 
provided in the table. The TAS was not available for this evaluation. 

The building is comprised of a lab wing with 143 fume hoods distributed over three floors of teaching 
labs and support rooms and one research floor; one small and one large lecture hall; an atrium and 
common areas. The research floor is occupied year round while the rest of the building operates on an 
academic schedule. According to the posted academic calendar and logger data, the instructional areas see 
lighter use during times the school is not in session, such as summer break. Heating is provided by hot 
water heated by a steam-to-water heat exchanger with steam supplied by a large central plant which 
serves the majority of buildings on the campus. Cooling is provided by chilled water from a small central 
plant that serves this and three other buildings. The HVAC system consists of six roof top units. AHU-1.1 
through 1.4 are variable volume (VAV) units and serve the lab wing via common supply and exhaust 
plenums. AHU-2.1 and 2.2 are also variable volume (VAV) units and serve the lecture halls and common 
and administrative areas via common supply, exhaust, and return plenums.  The building electricity is 
provided by Western Massachusetts Electric Company, through a campus master meter. 

Performance of the chillers and other HVAC equipment is affected by seasonal weather changes. The 
plate and frame heat exchanger provides most of its benefits in cool weather. Daylight-controlled lighting 
circuits operate differently throughout the year, depending on ambient light levels.  

Table 2: Installed Energy Conservation Measures and Estimated Savings 

ECM and Description of ECM 
Tracking System 
Savings Estimate 

(kWh) 
ECM-1 VFDs & Chiller optimization 

Install VFDs on the two chillers (1250 and 1000 Ton) 
383,893 

ECM-2 VFDs on 5 heating system pumps 
Install VFDs on three reheat pumps and two perimeter heating pumps 

38,173 

ECM-3 Plate & Frame HX to provide free cooling 
Install plate and frame heat exchanger to address constant 75-ton load with free 

cooling when possible 

74,513 

ECM-4 Heat wheels in four main AHUs 
Install heat wheels on the AHUs 

117,577 

ECM-5 Low-velocity fume hoods 
Install 114 low velocity fume hoods, minimum 60 ft/sec 

260,944 

ECM-6 VFDs on hood exhaust fans 
Install VFDs on four 100HP exhaust fans serving the hood exhaust system 

228,791 
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ECM and Description of ECM 
Tracking System 
Savings Estimate 

(kWh) 
ECM-7 Demand Controlled Ventilation 

Install three CO2 sensors and upgrade DDC system to include automation 
control strategy for demand based ventilation for the two AHUs serving the 

lecture wing 

42,327 

ECM-9 Daylighting Controls 
Install 304 dimming ballasts, photosensors, and lighting controllers to support 

daylighting control of 15.3kW of connected perimeter light load 

34,553 

 Total Calculated Package Savings 1,180,771 
 

A ninth measure to install high-efficiency lighting (ECM-8) was proposed and implemented in some 
fashion, but the installed lighting power densities exceeded code, rendering this measure ineligible for the 
program. 
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3. PROJECT-LEVEL ANALYSIS AND RESULTS 
3.1. Tracking Study Methodology 
The tracking analysis report was not provided to the evaluators for this site; however, project 
documentation and eQUEST models were supplied.  The tracking estimate approach used the eQUEST 
simulation program to estimate the energy savings potential for most of the energy conservation 
measures. The eQUEST model assumed different occupancy and usage schedules during the summer 
months for some aspects. The building energy simulation was used to estimate the base case energy 
consumption and modified to estimate the reduction in energy consumption for each of the installed 
measures. In each case, the difference in output results between the base case and the proposed building 
simulation quantified the energy saving potential. An estimate of the energy savings for the entire 
measure package was also prepared accounting for the interactive effects between measures.  We did not 
have access to the individual measure models, but did have the baseline and interactive models.  Savings 
for one measure, ECM-3 (Heat Exchanger) did not appear to have been included in the eQUEST model 
but rather calculated elsewhere.  We were not able to determine how or where these savings were 
calculated. 

The base case conditions were determined by the tracking vendor in the original tracking analysis through 
discussions with the owner’s design team. The base case was defined as the lighting and HVAC 
configuration that would have satisfied the applicable codes. Energy conservation measures were 
compared to the base case conditions to determine their performance. The base case energy use was then 
modeled using eQUEST. 

The tracking approach modified the base case model parameters to estimate the reduction in energy 
consumption for each proposed measure. Base case model changes for all measures were made to 
estimate the energy savings for the entire measure package (minus ECM-3) and related measure 
interactive effects.  

Specific ECM base case assumptions and proposed measure efficiency changes utilized in the model are 
indicated in Section 4 below. For each measure, the difference between the base case and proposed model 
results quantified the energy saving potential. 

3.2. Evaluation Methodology 
The evaluation estimated the actual energy impacts realized by each of the eight installed measures on an 
individual basis and for the measure package. A similar approach was taken for all of the measures.  The 
Evaluation Installed eQUEST model reflects the operation of the implemented measures as observed and 
measured during the evaluation site visits and subsequent data collection periods. The inputs to the model 
accurately reflect the installed and operated characteristics for each of the installed measures (including 
ECM-3). The inputs also include weather data for the corresponding post-installation period. 

The installed conditions were determined by examination of the program documentation, including the 
post-installation site inspection forms that were written after the measures were installed and inspected. 
The post-installation site inspection forms were the preferred source, since it more closely reflected the 
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installed condition. All of the installed conditions have been examined with observation and measurement 
during the site visits. 

The Tracking model was also checked for accuracy of non-measure characteristics such as building 
geometry and envelope characteristics to verify that it is a reasonable description of the physical facility. 
Installed plans were obtained for this verification.  

The installed model was calibrated in two ways. It was calibrated to monthly utility electric consumption 
for the most recent one-year period that was available immediately after installation and commissioning 
of the measures. The calibration target was to have predicted electric consumption matched billed electric 
consumption within 5 percent on an annual basis and 10 percent on a monthly basis where feasible. After 
the model was calibrated, it was rerun under 30-year average weather conditions to estimate typical 
installed energy system performance.  

The base case model was then created by changing the installed model (typical weather) inputs relevant to 
the performance of the measure package to the base case conditions. The evaluation used the same base 
case conditions as the initial analysis unless information was uncovered during data collection that 
indicated that initial base case assumptions were substantially incorrect. The difference between the base 
case and post-installation models, under typical weather conditions, is the evaluated annual energy 
savings for the measure package.  

Additional eQUEST runs were completed to disaggregate the package savings into the eight individual 
measures.  Following the guidelines in Attachment C of the RFP an estimate of the summer peak kW, 
winter peak kW and percent on-peak energy saved were also calculated. 

This evaluation required that data be collected during the post-installation period to support the 
development of the installed eQUEST simulation. The data requirements included the general building 
physical and operational conditions necessary to confirm or modify the existing eQUEST model of 
energy system performance. The requirements also included specific energy system characteristics 
relevant to the performance of each of the eight measures to specify the model inputs. To support model 
calibration, the data requirements also included electric billing records and weather data.  Separate 
electric billing records were not available for the building so, the electrical usage data was gathered via 
the EMS for the building. 

Data sources included discussions with the customer, construction plans for the installed conditions, 
interrogation of the EMS, manufacturer’s literature, weather data from WeatherBank®, reference 
materials, and observations and measurements made during the site visits.  Data were collected during 
both the cooling and heating seasons to determine the performance of such equipment during both warm 
and cold periods.  The method of data collection and how the data was utilized in the eQUEST evaluation 
model for each of the installed measures is discussed in Section 4.  Appendix 5.1 EMS and Short-Term 
Monitoring Details provides a list of all data points that were either trended or measured for the 
evaluation.   

A sampling approach was used for verification of flows associated with fume hoods and the lab wing 
exhaust system. Areas were grouped by floor and based on group number in the population.  This 
sampling methodology aimed to verify the measured parameters with sufficient accuracy that the estimate 
of energy savings for each group fell within ± 20% of the true population value at a 90% level of 
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statistical confidence. Within each group the sample area for monitoring was selected at random so that 
each area had an equal opportunity of being selected. Sample sizes for population numbers are listed in 
Table 25: Summary of Sampled Fume Hood Face Velocities when Sash Open. 

Priority of model parameter adjustments was based on the certainty of collected data, which included 
occupancy schedules, number of occupants, plug loads, estimated diversity factors, and infiltration. Only 
minor changes were made for equipment operation, lighting power density, and envelope parameters that 
had a higher degree of certainty, which had been obtained from design documents, operation and 
maintenance data, and field measurements.  The eQUEST model took into account the changing level of 
daylight available throughout the year based on the weather file and adjusted daylight-controlled circuits 
accordingly.  These results were confirmed with monitored data and on-site observation. 

Data logging was conducted for a minimum period of eight weeks each during the end of summer cooling 
and the winter heating seasons, early August 2010 through February 22, 2011, which covered both 
academic and break periods. Logged parameters were sampled at 15 minute intervals. EMS trends were 
also sampled at 15 minute intervals for the entire evaluation period of 2010.   

3.3. Evaluation Results 

3.3.1. Model Verification 
The TAS primarily employed eQUEST simulation software to evaluate the tracking system measure 
savings.  The savings calculated from the tracking base case and proposed models received for the 
evaluation did not match the reported savings estimate.  Furthermore, it was not clear from project 
documentation whether the individual measure savings estimates included interactive effects from other 
measures, i.e. whether each measure was evaluated independently with all other measures set to base case 
configuration.  The tracking proposed case model contained all measures that were simulated in eQUEST.  
Also, the version of eQUEST in which the tracking model was simulated, v3.52, was no longer available 
so the most recent version has been used for the evaluation model, v3.64. The tracking models were run 
in the new version of eQUEST, and the savings difference between the two versions was found to be 1%. 

Thorough examination of the tracking models found some inaccuracies in the building envelope including 
missing exterior walls and floors in conditioned spaces.  It was determined to be impractical to correct the 
issues with the building envelope in the evaluation models.  Otherwise, the evaluation models were 
modified as necessary to update measure-independent HVAC equipment and fan schedules based on 
installed drawings and trend data.  Particularly, in the central plant an absorption chiller and water-side 
economizer were added and chilled water load and schedule adjusted for the other three buildings served 
by the chillers.  Based on trend data, the absorption chiller served approximately 50% of the chilled water 
demand annually; therefore, in the evaluation model, the absorption chiller was staged to meet the initial 
50% of load of the four buildings being served.  The two electric chillers were then staged to meet 
demand in excess of the absorption chiller capacity.  In the installed model, the water-side economizer 
was added to model the plate and frame heat exchanger (ECM-3) to provide free cooling.  These additions 
and modifications were necessary to calibrate the installed model.  Also, changes were made to the 
evaluation base case model to bring it in line with the evaluation installed model for inputs not affected by 
the measures such as lighting power density and shading coefficient.  Verification was achieved by first 
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calibrating fan, pump, and cooling end-uses based on available data, then adjusting end-uses for which 
data was not available (such as miscellaneous equipment and exterior usage). 

3.3.2. Model Energy Use 
The evaluation installed model, consisting of the entire measure package, was run using actual weather 
conditions for the twelve-month calibration period of January 2010 through December 2010 and 
calibrated to utility-grade metered electrical energy over the same period. Table 3 below summarizes the 
actual and simulated consumption results. 

Table 3:eQUEST Installed Building Model and Billing Data kWh 

  eQUEST Model 
2010  Model kWh Metered Data (kWh) %dif

f 
Jan        414,048           476,573  -13% 
Feb        394,763           458,166  -14% 
Mar        465,193           488,946  -5% 
Apr        480,778           390,315  23% 
May        638,626           496,093  29% 
Jun        580,536           503,193  15% 
Jul        644,239           606,295  6% 

Aug        612,887           545,245  12% 
Sep        565,521           518,395  9% 
Oct        474,753           502,520  -6% 
Nov        433,743           472,538  -8% 
Dec        431,543           421,215  2% 

Total     6,136,630        5,879,494  4% 
 

Calibrating the model to the targeted 10% annual and 5% monthly tolerance bands was more difficult 
than usual due to the sporadic occupancy of the building throughout the year. Being an academic building 
it was subject to spring, summer and winter break times. The building has varying number of occupants 
during occupied hours, as class size and number of classes varies day to day. Students and teachers often 
work in the building during before and after classes and on weekends. As a result, it was not practical to 
formulate consistent schedules. It was necessary to average schedule data over time which made it more 
difficult to match the model results to the actual monthly energy use as precisely as was desired.  

3.3.3. Annual Energy Savings 
The evaluation of annual savings for the measure interactive package produced an estimate of savings that 
was 13 percent of the tracking estimate as indicated in Table 4 below. The evaluated packaged measure 
savings was determined by running the evaluation installed model with typical weather data and 
comparing the evaluation usage to the base case model estimated usage. Individual runs were made to 
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determine measure savings. Individual measure runs do not include interactive effect with other measures. 
Individual measure savings are contained in Section 4. 

Table 4: Evaluated Annual Energy Savings 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 1,108,771 472,458 40% 
Total Interactive  1,345,1381 158,284 12% 
1 Based on baseline and proposed models from October 26, 2007. 

The Table 4 evaluated savings is significantly lower than the tracking estimates for both the non-
interactive and interactive totals. The primary reason for the decrease in savings in both the non-
interactive and interactive totals is generally due to the determination that one large saver was not above 
code, non- performance of two of the measures that appeared to be affected by control problems, and 
incorrect measure assumptions for five of the measures used to support the original tracking analysis. 
While the tracking measure assumptions were generally reasonable, the data gathered from logger and 
EMS trends provided a more accurate assessment of the actual building operation.  

The significant differences between interactive and non-interactive totals in the evaluated savings are due 
to the “watering down” of individual measure savings due to interactive effects between measures.  For 
instance, the addition of enthalpy wheels saves heating energy, which reduces the amount of hot water 
pumping energy needed, thus reducing savings from the hot water pump VFD measure.  The same effect 
can be seen in the cooling plant, where free cooling from heat exchangers reduces the savings from 
increased chiller efficiency.  It is not clear why the total interactive savings from the tracking estimate is 
greater than the total non-interactive savings, but it may be related to the zero-saver measures, which are 
present in the tracking model but not in the evaluation model. 

The majority of the savings was produced from the chiller VFDs and optimization measure though it was 
only 59% of the tracking estimate.  The tracking study did not include the absorption chiller which 
reduced the load on the two electric chillers. 

VFDs on the hot water pumps (ECM 2) were the next largest saver and the evaluation found the tracking 
savings were significantly underestimated.  Trends revealed that the pumps operated at no more than 55% 
power, compared to the maximum 100% used in the tracking study. 

The third largest savings came from the plate and frame heat exchanger (ECM3).  The tracking estimate 
savings were within 1% of the evaluated savings, which were calculated directly from trend data. 

The heat wheels (ECM4) were the fourth largest saver, but only comprised 58% of the tracking estimate.  
This is due to a lower effectiveness based on trended flows and temperatures across the heat wheels. 

The smallest non-zero savings measure was the daylight-controlled fixtures.  Manufacturer data on the 
ballast indicated a dimming capability of only 10%, thereby increasing the minimum power fraction from 
0.3 in the tracking model to 0.9 in the evaluation model.  This resulted in a measure realization rate of 
only 15%.   

The evaluation found that the low-flow fume hoods (ECM 5) have been installed and are running at lower 
face velocities (though not as low as design); however, the control scheme has not been adjusted to allow 
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the exhaust flows to vary with fume hood sash positions.  Therefore, no savings could be attributed to this 
measure. 

While it was confirmed that VFDs were installed on the exhaust fans (ECM 6) that serve the fume hoods 
and that the speeds indeed varied with flows, the evaluation determined that this was not a valid energy 
conservation measure because the installation of exhaust fan VFDs were necessitated by the variable air 
volume system.  Thus, this measure produces no savings over code requirements. 

The demand-controlled ventilation of the lecture halls (ECM 7) produced zero savings due to what 
appeared to be a control problem.  Neither the supply air nor outside air flows modulated with CO2 levels.  

3.3.4. Percent Energy On-Peak Savings 
The evaluation of percent energy savings that occurred during the on-peak period was lower than the 
tracking estimate as indicated in Table 5 below.  The evaluated interactive percent on-peak savings is 
much lower than the evaluated non-interactive for a couple of reasons.  First, savings from the cooling 
load get reduced due to the interactions during on-peak hours between the chillers and the heat exchanger.  
Second, the savings from the heating load decreased due to the interactions during on-peak hours between 
the hot water pumps and the heat wheels. 

Table 5: Evaluated Percent Energy On-Peak Savings 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 99% 70% 70% 
Total Interactive  n/a 29% n/a 

 

3.3.5. Summer Peak Diversified kW Reduction 
When comparing non-interactive savings, the evaluation estimate of summer peak diversified kW 
reduction is much lower than the tracking estimate, as shown in Table 6. Again, the evaluation team 
considers the definition for this parameter to be different than that of the tracking estimate. Regarding the 
negative summer peak savings from the evaluation interactive model, the majority is due to a difference 
in chiller staging between the installed and base case models.  The installed model has the plate and frame 
heat exchanger staged to come on first if it has sufficient capacity to meet the cooling load alone.  
However, the staging must be reset in the base case model since there is no heat exchanger present.  This 
different staging results in the absorption chiller taking a greater percentage of the cooling load and the 
electric chillers running less in the base case; therefore, when compared to the installed interactive model, 
the total potential savings is reduced. 

Table 6: Evaluated Summer Peak Diversified kW Reduction 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 507 250 49% 
Total Interactive  n/a -7.0 n/a 
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3.3.6. Winter Peak Diversified kW Reduction 
During the winter peak period, the evaluation estimate shows a marked increase in the diversified peak, 
compared to the estimate in the tracking database.  Once more, it is suspected that the definition is not 
consistent between the tracking study and the evaluation.  Winter peak kW reductions are summarized in 
Table7.  

Table 7: Evaluated Winter Peak Diversified kW Reduction 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Total Non-interactive 127  34.8 27% 
Total Interactive  n/a 25.1 n/a 

 

3.3.7. Non-electric Benefits 
No non-electric effects were reported as part of this project.  However, all measures with interactive 
steam effects were included in the eQUEST model evaluation of the electrical measures.  The evaluation 
found that some non-electric benefits were achieved from steam energy savings interactive with the 
electrical savings.  The total interactive steam savings were found to be 33.5 MMBtu. 



MA CDA Impact Evaluation Western Massachusetts Electric Project WM06C224 

SBW Consulting, Inc. 11 

4. MEASURE-LEVEL ANALYSIS AND RESULTS 
4.1. ECM-1 VFDs & Chiller optimization 

4.1.1. Tracking Estimate Approach 
Measure description 

This measure involved installation of variable frequency drives on the two electric chillers (1250 and 
1000 Ton) which provide chilled water to four buildings. 

The base case for this ECM consists of two code-compliant electric chillers (1250 ton and 1000 ton) 
without variable frequency drives. 

Analysis Method 

The energy saving potential for this measure was determined by changing the eQUEST model inputs for 
each of the two affected chillers, including chiller part-load efficiency curve-fits and full-load efficiencies 
for both chillers. 

4.1.2. Evaluation Approach 
Data Gathered 

EMS data: One year of 15 minute interval – Chilled water flow, entering and leaving temperatures for two 
electric chillers; building chilled water flows for four buildings served by these chillers. 

Short term metering: Six months of 15 minute interval kW logged on one phase of one conductor of each 
of two electric chillers. 

One time measurements

EMS and logger data were gathered to verify the performance of the measure and determine specific 
inputs for the evaluation eQUEST model.  The data set was reviewed and graphically profiled. Graphs of 
reduced data are shown in Appendix 

 (and other data sources): kW and amps obtained with Fluke on both phases of all 
four conductors of 1250 T chiller – 1000 T chiller was not running during either site visit; nameplate. 

5.2.1. 

Verification 

The VFDs were observed to be in place during the site visits and functioning properly via analysis of 
logged kW and trended flows and temperatures.  It was also noted that the compressors on the electric 
chillers had been retrofitted due to operational issues with the original compressors.  Therefore, applicable 
manufacturer curves were not available to verify performance characteristics.  According to trend data, 
the absorption chiller handled approximately 52% of the cooling load during the calibration period. 

Analysis Method 

The evaluation model used the full-load efficiencies and efficiency curve fits from the tracking model for 
the electric chillers.  The absorption chiller and heat exchanger were also added to the calibration model 
and staged to match cooling load from trend data.  This configuration resulted in total energy 
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consumption of all four chillers (including heat exchanger) within 1% of actual during the calibration 
period. 

Table 8: ECM-1 Key Modeling Parameters 

Definition  
Tracking Study  

Model  
eQUEST  Evaluation  

Model  
Source  

EIR Proposed 0.1747 
Base case 0.1814 

Installed 0.1747 
Base case 0.1814 

TAS 

Perf Curve: Electric Input 
Ratio (EIR)=f(Evap Leav 
T, Cond Enter T) 

Proposed: Constant 
Base case Constant 

Proposed: same as Tracking 
Base case same as Tracking 

TAS 

Perf Curve: EIR=f(part 
load ratio) 

Proposed: bi-quad varying w/ 
PLR and delta T 
Base case bi-quad varying w/ 
PLR and delta T 

Proposed same curve as Tracking 
 
Base case same curve as 
Tracking 

TAS 

Absorption Chiller n/a EIR=0.0071, HIR=1.0 (proposed 
and base case the same) 

Field 
Observation, 

EMS 
 

4.1.3. Evaluated Savings  
Table 9: ECM-1 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 383,893 227,057 59% 
Percent Energy On-peak n/a 90% n/a 
Summer Peak Diversified kW  174 197 113% 
Winter Peak Diversified kW  0 16 n/a 

 

The same parametric values for the electric chillers were used in both the TAS and evaluation analysis. 
The reason for the reduction in savings from the tracking estimate to the evaluation results is due to the 
reduction in load seen by the electric chillers from the addition of the absorption chiller. 

4.2. ECM-2 VFDs on 5 Heating System Pumps 

4.2.1. Tracking Estimate Approach 
Measure Description 

Installation of VFDs on three reheat pumps and two radiant/perimeter heat pumps (all 7.5 HP) allows for 
variable flow with two-way valves at the heating coils thus reducing flow rates. 

The base case assumes constant speed pumps with three-way valves at the coils to control flow. 
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Analysis Method 

The energy saving potential for this measure was determined by modeling the five pumps as a single 
pump with a full-speed power draw of 12.8 kW, then specifying variable-speed control. 

4.2.2. Evaluation Approach 
Data Gathered 

EMS data: One year of 15-minute interval pump speeds and kW for all five pumps 

Short term metering: Two months of 15-minute interval Pump 4.1 Amps and kW 

One time measurements (and other data sources):

EMS trend data was obtained to evaluate both the performance of the measure as well as to determine 
specific inputs for the evaluation model. The data set was reviewed and graphically profiled. Graphs of 
kW vs. speed were generated for each pump and are shown in Appendix 

 Pump 4.1 kW, nameplate 

5.2.2 . 

Verification 

The VFDs were observed to be installed on the five standard efficiency hot water pumps during the site 
visit and analysis of trend data confirmed they are functioning properly.  The reheat pumps operate as two 
staged and one backup.  The radiant heat pumps are staged. 

Analysis Method 

It was necessary to make some modifications from the tracking model to the evaluation model to more 
accurately reflect the operation of the hot water pumps.  Trends of the pumps’ speeds indicate that the 
pumps never run at more than approximately 50% speed, but that they do occasionally run at lower 
speeds.  The tracking proposed model selected a variable speed drive for the representative pump; 
however, the performance curve used did not allow power to vary with flow.  The evaluation installed 
model used the same representative pump with a variable speed drive, but the full-speed power draw was 
reduced from 12.8 kW to 2.3 kW, the power draw at 50% speed, and the performance curve was set to 
eQUEST default, which allows power to vary with flow.  A minimum pump speed of 20% was assigned 
based on trend data observations.  These modifications brought overall annual pump energy usage to 
within 1% of actual trended kWh.  The evaluation base case is the same as the tracking base case. 

Table 10: ECM-2 Key Modeling Parameters 

Parameter 
Tracking Study  

Model  
eQUEST  Evaluation  

Model  
Source  

Pump Control Proposed: Var Speed 
Base: Constant Speed 

same as Tracking Tracking 

Pump Performance Curves Proposed: constant 
Base: n/a 

Installed: eQUEST default 
 Base: n/a 

EMS Trend Data 

Min Pump Speed Proposed: not specified 
Base: n/a 

Installed: 20% 
Base: n/a 

EMS Trend Data 

Pump Power  12.8 kW 2.3 kW EMS Trend Data 
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4.2.3. Evaluated Savings  
Table 11: ECM-2 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 38,173 96,606 253% 
Percent Energy On-peak n/a 47% n/a 
Summer Peak Diversified kW  5 11.2 225% 
Winter Peak Diversified kW  5 11.0 220% 

 

The evaluated savings for the installed measure was much higher than the TA report.  This is likely due to 
the fact that pumps operate near 50% most of the time, indicating that the pumps may be oversized.  The 
savings is therefore increased when compared to the constant volume pumps operating at full load in the 
baseline. 

4.3. ECM-3 Plate & Frame HX to provide free cooling 

4.3.1. Tracking Estimate Approach 
Measure description 

A Mueller Accutherm Model AT-80MH plate and frame heat exchanger is installed and providing free 
cooling mostly in the winter for a 75 ton base cooling load.  In the base case, the central plant uses the 
chilled water system to satisfy the entire cooling load in the building throughout the year. 

Analysis Method 

The tracking study determined the savings via calculations external to eQUEST, but these calculations 
were not provided. 

4.3.2. Evaluation Approach 
Data gathered 

EMS Data:

 

 One year of 15 minute interval – Flows and entering and leaving temperatures of heat 
exchanger and cooling towers; kW of cooling tower and condenser water pumps. 

Short term metering: n/a. 

One time measurements and other data sources: 

EMS trend data was obtained to evaluate both the performance of the measure as well as to determine 
actual energy savings. Graphs of summarized data are presented in Appendix 

Nameplate 

5.2.3. 

Verification 

The plate and frame heat exchanger was observed to be installed during the site visits.  Trend studies 
indicate that it is functioning such that cooling loads during the winter are met primarily with the free 
cooling provided by the heat exchanger. 
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Analysis Method 

To model the plate and frame heat exchanger, a water economizer was added between the chilled water 
loop and condenser water loop in eQUEST.  The economizer was set as the first stage of cooling in the 
eQUEST chiller plant.  Its settings were adjusted to achieve free cooling as close as possible to trend data.  
The maximum free cooling available in the typical year eQUEST model was 82% of that seen in the trend 
data for 2010, thus more savings occurred in 2010 than in a typical year. 

Table 12: ECM-3 Key Modeling Parameters 

 Definition  
Tracking 

Study  
Model  

eQUEST  
Evaluation  

Model  
Source  

HX Effectiveness  Effectiveness of the heat exchanger n/a 99% EMS Trend  
Data  

HX Maximum Load  The maximum load that the HX can 
handle  

n/a 5.0 MBtu/hr EMS Trend  
Data 

 

4.3.3. Evaluated Savings  
Table 13: ECM-3 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 74,513 74,938 101% 
Percent Energy On-peak n/a 36% n/a 
Summer Peak Diversified kW  0 0 n/a 
Winter Peak Diversified kW  0 8.2 n/a 

 

The realization rate for this measure is near 1, indicating that the TA model closely reflected actual 
performance.   

4.4. ECM-4 Heat wheels in four main AHUs 

4.4.1. Tracking Estimate Approach 
Measure description 

The heat recovery system includes a Semco TE Total Energy heat wheel on each of the four AHUs that 
serve the lab wing.  These enthalpy wheels recover both latent and sensible heat, and thus have a rated 
effectiveness of 74%. 

The base case assumes that a heat recovery system for each of the four main AHUs is composed of a 
series of coils to recover sensible heat only.  The system has an effectiveness of approximately 50%. 
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Analysis Method 

The energy saving potential for this measure was determined by changing the model to include to 
enthalpy wheels for energy recovery with rated effectiveness.   

4.4.2. Evaluation Approach 
Data gathered 

EMS Data: One year of 15 minute interval – Entering and leaving temperatures on the enthalpy wheels 
and flows in the supply air and exhaust air ducts; enthalpy wheels statuses. 

Short term metering: n/a 

One time measurements (and other data sources):

EMS trend data was obtained to evaluate both the performance of the measure as well as to determine 
specific inputs for the evaluation model. The data set was reviewed and graphically profiled.  Graphs of 
summarized data are presented in Appendix 

 kW of Enthalpy Wheel on AHU1.3, nameplate data. 

5.2.4.  

Verification 

The enthalpy wheels were observed to be in operation during the site visits.  Trend data show temperature 
increases across the wheels during heating mode and decreases during cooling mode on the supply side of 
the four AHUs indicating that the enthalpy wheels are functioning properly. 

Analysis Method 

The temperature differences and flows were used to calculate energy transfer on the supply-side and 
exhaust-side of the enthalpy wheels.  Then the ratio of supply-side to exhaust-side energy transfer was 
taken and averaged over the trended period and to ascertain the sensible effectiveness.  The four AHUs 
are combined into one representative AHU in the installed model, so the average sensible effectiveness 
across all four wheels would have been used.  However, temperature data across the enthalpy wheels in 
AHUs 1.1 and 1.4 was of too poor quality to calculate the effectiveness of those two wheels; therefore, 
the sensible effectiveness is the average of the effectiveness of the enthalpy wheels on AHUs 1.2 and 1.3 
only.  Since data was not available to calculate latent effectiveness, it was adjusted proportionately to the 
adjustment in sensible effectiveness compared to the tracking model.  Sensible and latent effectiveness 
was reduced from the tracking proposed estimate to evaluation installed model based on these data.  The 
base case was identical to the TA model base case. Table 14 summarizes the key measure parameters.  

Table 14: ECM-4 Key Modeling Parameters 

Parameter  Definition  
Tracking 

Study  
Model  

eQUEST  
Evaluation  

Model  
Source  

Sensible 
Effectiveness 

Sensible effectiveness of energy recovery 
ventilator at design air flow  

0.710 0.628 Trend 
data 

Latent 
Effectiveness  

Latent effectiveness of energy recovery 
ventilator at design air flow 

0.740 0.654 Trend 
data 
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4.4.3. Evaluated Savings  
Table 15: ECM-4 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 117,577 68,671 58% 
Percent Energy On-peak n/a 67% n/a 
Summer Peak Diversified kW  204 40.4 20% 
Winter Peak Diversified kW  0 0 n/a 

 

Since trend data revealed that the enthalpy wheels are operating at lower effectiveness than rated, the 
evaluated savings are lower than the tracking estimate savings. 

4.5. ECM-5 Low-velocity fume hoods 

4.5.1. Tracking Estimate Approach 
Measure description 

The proposed model assumed 114 fume hoods operate with a minimum face velocity of 60 feet per 
minute which reduce the air required in the lab wing. 

The base case assumed the 114 affected fume hoods operate with a minimum face velocity of 100 feet per 
minute, 40% more than the proposed case. 

Analysis Method 

How energy saving potential for this measure was determined was unclear, and may be embedded in the 
ECM-6 calculations. Reductions in supply air demand did not appear to be modeled. 

4.5.2. Evaluation Approach 
Data gathered 

EMS Data: One year of 15 minute interval – Fume hood sash position and area, face velocity and exhaust 
flow for representative sample of fume hoods; Total supply and exhaust flows on lab wing AHUs. 

Short term metering: n/a 

One time measurements (and other data sources):

Data was gathered to demonstrate the performance of the measure.  Graphs of summarized data are 
presented in Appendix 

 Campus EH&S test results as recorded on fume hoods; 
inventory of low-flow fume hoods during site visit. 

5.2.5.  

Verification 

An inventory of the low-flow fume hoods found the count used in the tracking study to be accurate.  
However, according to Health & Safety test results, all of the low-flow hoods had minimum face 
velocities of approximately 75 fpm as opposed to the 60 fpm in the proposed design.  The building 
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technician explained that the users were not comfortable with the lower flows.  Furthermore, an e-mail 
from the campus energy manager revealed that exhaust flows do not modulate with fume hood sash 
positions.  He stated “the control sequence presently in place which controls those fume hoods to a fixed 
volume of exhaust.”  He indicated that the measure may eventually be implemented by “cutting those 
flows down at some point, either by adopting true variable volume control based on face velocity, or 
using the occupied/unoccupied flow options presently available”.  Since exhaust flows do not reduce 
when fume hoods run at lower face velocities, the exhaust fans do not see a lower load.  The evaluation 
concludes that this measure is not functioning properly and no savings are being achieved. 

Analysis Method 

Analysis of this measure was two-fold.  First, the face velocity trends were examined in conjunction with 
sash position to determine what the average face velocities were when the hood sashes were opened and 
closed.  Results from the trend analyses found average face velocities on the low-flow hoods were higher 
than EH&S test results at 90 fpm with sashes open.  Second, a correlation between fume hood face 
velocities and exhaust flows was sought to validate that exhaust flows were reduced when the fume hood 
face velocities are at their minimum setting.  Trend data confirmed the statement from the campus energy 
manager.  Exhaust flows were observed to be essentially constant, varying only with supply flow, causing 
face velocities to increase significantly when the sashes are closed.  Since this measure was not 
implemented properly, it was not modeled. 

Table 16: ECM-5 Key Modeling Parameters 

Parameter  Definition  
Tracking Study  

Model  
eQUEST  Evaluation  

Model  
Source  

Exh Flow Max/zone and schedule  Unknown N/A EMS 
 

4.5.3. Evaluated Savings  
Table 17: ECM-5 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 260,944 0 0% 
Percent Energy On-peak n/a 0 n/a 
Summer Peak Diversified kW  97 0 0% 
Winter Peak Diversified kW  97 0 0% 

 

4.6. ECM-6 VFDs on Lab Wing Exhaust Fans 

4.6.1. Tracking Estimate Approach 
Measure description 

In the tracking proposed model, VFDs control the four 100 HP exhaust fans on the lab wing exhaust 
systems and modulate in response to hood sash positions. 
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In the tracking base case model, exhaust fan control was not explicitly specified, but the supply fans were 
set to variable speed control.  In eQUEST, this setting requires that the exhaust fans be variable speed as 
well. 

Analysis Method 

The energy saving potential for this measure was modeled as a separate 222 kW full load under separate 
meter (EM2), with 15% and 73% exhaust air fractions during unoccupied and occupied times, 
respectively (35% and 70% in base case). 

4.6.2. Evaluation Approach 
Data gathered 

EMS Data: One year of 15 minute interval – Exhaust flow, fan kW and speed for each lab wing air 
handling system 

Short term metering: EF1-3 kW and Amps 

One time measurements (and other data sources):

One-time and short term measurements were used to verify the trend data.  Trend data were gathered and 
analyzed to confirm operation of the VFDs.  Graphs of summarized data are presented in Appendix 

 EF1-3 kW, nameplate data. 

5.2.6. 

Verification 

Field observations confirmed installation of eight VFDs on eight 100 HP lab wing exhaust fans, two per 
air handling unit.  However, the evaluation team has concluded that the VFDs should not be considered 
an energy conservation measure because they are required for the installation of a variable air volume 
system, which code mandates for “buildings with fume hoods systems having a total exhaust rate greater 
than 15,000 CFM” (per Massachusetts Building Code 780 CMR 1305.3.13.2).  Therefore, no savings can 
be attributed to the installation of the exhaust fan VFDs. 

Analysis Method 

Trend analysis confirmed that exhaust fan speed and power vary with flow. 

Table 18: ECM-6 Key Modeling Parameters 

Parameter  Definition  
Tracking Study  

Model  
eQUEST  Evaluation  

Model  
Source  

Fan Control Air flow reduction control Variable Speed Variable Speed EMS data 
Variable Speed is used in both evaluation base case and installed models since constant speed control on the exhaust fans cannot function 
properly in a variable air volume system. 
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4.6.3. Evaluated Savings  
Table 19: ECM-6 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 228,791 0 0% 
Percent Energy On-peak n/a 0 n/a 
Summer Peak Diversified kW  19 0 0% 
Winter Peak Diversified kW  19 0 0% 

 

4.7. ECM-7 Demand Controlled Ventilation 

4.7.1. Tracking Estimate Approach 
Measure description 

The two 22,500-cfm Lecture Wing AHUs are controlled by three carbon dioxide (CO2) sensors that 
permit supply airflow to be reduced below design levels when CO2 counts drop below set point during 
occupied hours. 

Two 22,500-cfm air handling units, serving the Lecture Wing of the building, operate at the design 
airflow (code minimum) based on the design quantity of people. 

Analysis Method 

The energy saving potential for this measure was determined by adjusting the outside air (OSA) schedule 
to reflect the impact of the CO2 sensors. Specifically, the Lecture Wing AHUs were modeled as one 
representative system with minimum OSA% dropping below the 60% threshold according to weekday 
and season. OSA requirements were assumed to be about 50% lower in summer.  The minimum OSA 
reduction was applied to the entire Lecture Wing, rather than just the two lecture halls. 

4.7.2. Evaluation Approach 
Data gathered 

EMS Data: One year of 15 minute interval – Supply and return air flows, CO2 levels, and discharge air 
temperatures to two lecture halls; supply fan kW and OSA temperature and damper position of Lecture 
Wing air handling systems 

Short term metering:

One time measurements (and other data sources): N/A 

 N/A  

EMS trend data was obtained to evaluate the performance of the measure. The data set was reviewed and 
graphically profiled. Graphs of summarized data are presented in Appendix 5.2.7.  
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Verification 

This being a control measure with the CO2 sensors tucked into the return air duct made visual verification 
impractical.  Trend analysis revealed that the supply air flow does not vary with CO2 levels in the two 
lecture halls.  In the large lecture hall, there were a significant number of instances in which the CO2 
level during occupied times was above the set point of 1,000 ppm.  This could be reflective of sensor 
error; but regardless, the supply air flow should modulate to maintain that level below the set point during 
occupied hours if the measure is working.  In the small lecture hall, the CO2 levels were consistently well 
below the set point; however, there was no indication that supply flow was reduced from design.  The 
evaluation concludes that this measure is not properly implemented and no savings have been achieved. 

Analysis Method 

The evaluation sought to establish a correlation between CO2 counts and supply air flows in the two 
lecture halls, but no significant correlation was found.  Suspecting that the control scheme could actually 
be the more typical set up of modulating OSA flow with CO2 counts, a correlation between OA damper 
position and CO2 counts was pursued.  But again, no correlation could be established. 

Table 20: ECM-7 Key Modeling Parameters 

Parameter  Definition  
Tracking Study  

Model  

eQUEST  
Evaluation  

Model  
Source  

Min OA ratio Ratio of Min OA to 
Supply Air during 
winter months 

0.6 0.6 Tracking 
model 

Min OA 
Schedule 

Applies hourly 
fractional reduction to 
Min OA Ratio 

Weekday, Weekend, Academic and 
Summer schedules varying from 0 up to 
0.57 during peak occupancy 

n/a EMS data 

The Evaluation Base Case and Installed models are the same for this measure. 

4.7.3. Evaluated Savings  
Table 21: ECM-7 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 42,327 0 0% 
Percent Energy On-peak n/a 0 n/a 
Summer Peak Diversified kW  2 0 0% 
Winter Peak Diversified kW  0 0 n/a 
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4.8. ECM-9 Daylighting Controls 

4.8.1. Tracking Estimate Approach 
Measure description 

In the measure-affected zones, 304 dimming ballasts control the lights (15.3 kW of connected load) based 
on a daylight sensing control system to take advantage of ambient daylight. 

In the base case, perimeter lighting on the north and south sides of floors 1-4 of the Lab Wing is switched 
on and off according to the building schedule. 

Analysis Method 

The energy saving potential for this measure was determined by adding daylighting functionality to the 
model on the north and south sides of four lab floors (18,360 ft2 total, 1.35 W/ft2 LPD).  The minimum 
power and light fractions were set to the eQUEST default of 30%. 

4.8.2. Evaluation Approach 
Data gathered 

EMS Data:  N/A 

Short term metering: Light loggers on two daylight-controlled fixtures; Loggers on lighting circuits 
corresponding to logged fixtures. 

One time measurements (and other data sources): nameplate of daylight-controlled ballast, observation of 
daylight sensor in labs, inventory of daylight-controlled fixtures 

Lighting plans were verified with inventory of fixtures.  Logger data and ballast nameplate was obtained 
to evaluate the performance of the measure and establish inputs for the model. The data set was reviewed 
but the results were inconclusive.   

Verification 

A ballast representative of the ballasts used in the daylight-controlled fixtures was obtained.  Its 
nameplate indicated a maximum dimming capability of 10% for a minimum power fraction of 90%, 
significantly higher than the 30% used in the tracking estimate.  An attempt to activate the daylight sensor 
was made during a site visit, but no dimming was evident to the naked eye on the fixtures controlled by 
that sensor.  However, the evaluation is giving this measure the benefit of the doubt but at a much reduced 
level of savings due to the higher minimum power fraction. 

Analysis Method 

For the evaluation installed model, the daylighting algorithm in eQUEST was enabled in the perimeter 
zones of the Lab Wing.  The minimum power and light fractions were adjusted in the evaluation installed 
model from 0.3 to 0.9.  The percent of daylight-controlled fixtures remained at 100%.  For the evaluation 
base case model, the daylighting algorithm is disabled. 
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Table 22: ECM-9 Key Modeling Parameters 

Parameter  Definition  Tracking Study 
Model  

eQUEST  
Evaluation  

Model  
Source  

Min Power 
Frac 

Minimum input power fraction 0.3 0.9 Field 
observation 

Min Light Frac Fractional light output produced at the 
minimum fractional input power 

0.3 0.9 Field 
observation 

Controlled kW 
Frac 

Fraction of installed lighting kW of space 
controlled by daylighting system 

1 1 Tracking 
model 

 

4.8.3. Evaluated Savings  
Table 23: ECM-9 Savings Summary 

Savings Quantity Tracking Estimate Evaluated Savings Evaluated % of Tracking 
Annual Energy, kWh 34,553 5,186 15% 
Percent Energy On-peak n/a 95% n/a 
Summer Peak Diversified kW  6 1.3 22% 
Winter Peak Diversified kW  6 0 0% 

 

The evaluation savings are less than the tracking estimate due to the much higher minimum power 
fraction in the evaluation installed model. 
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5. APPENDICES 
5.1. EMS and Short-Term Monitoring Details 
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Table 24: Monitored Points   
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1 Chiller VFD Chiller 1.3 True RMS kW Dent ElitePro power 
meter 

1000A CTs Clamp-on 15 minutes 8/11/10-
2/22/11 

1 Evaluator n/a 

1 Chiller VFD Chiller 1.5 True RMS kW Dent ElitePro power 
meter 

1000A CTs Clamp-on 15 minutes 8/11/10-
2/22/11 

1 Evaluator n/a 

1 Chiller VFD Chillers 1.3-
1.5 

Chilled Water 
Flow 

n/a n/a n/a 15 minutes 1/1-12/31/10 1 EMS CH[1-3]CHW-FLW 

1 Chiller VFD Chillers 1.3-
1.5 

Chilled Water 
Leaving Temp 

n/a n/a n/a 15 minutes 1/1-12/31/10 1 EMS CH[1-3]CHWL-T 

1 Chiller VFD Chillers 1.3-
1.5 

Chiller Status n/a n/a n/a COS 1/1-12/31/10 1 EMS CH[1-3]-ENA 

1 Chiller VFD Chillers Chilled Water 
Supply Temp 

n/a n/a n/a 15 minutes 1/1-12/31/10 1 EMS CHWS-T 

1 Chiller VFD Chillers Chilled Water 
Return Temp 

n/a n/a n/a 15 minutes 1/1-12/31/10 1 EMS CHWR-T 

1 Chiller VFD Chillers CP Bldg Chilled 
Water Supply 
Temp 

n/a n/a n/a 15 minutes 1/1-12/31/10  EMS RADHWS.BCHWS-
T 

1 Chiller VFD Chillers CP Bldg Chilled 
Water Return 
Temp 

n/a n/a n/a 15 minutes 1/1-12/31/10  EMS RADHWS.BCHWR-
T 

2 Heating 
pump VFDs 

HW reheat 
pump 4.1 

True RMS kW Dent ElitePro power 
meter 

50A CTs Clamp-on 15 minutes 8/11/10-
11/8/10 

2   

2 Heating 
pump VFDs 

HW heat 
pumps 1-2 

Speed n/a n/a n/a 15 minutes 1/1-12/31/10 2 EMS RADHWS.HWP[1-
2]-SPD 

2 Heating 
pump VFDs 

HW reheat 
pumps 1-3 

Speed n/a n/a n/a 15 minutes 1/1-12/31/10 2 EMS RHHWS.HWP[1-3]-
SPD 
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3 Water-side 
economizer 

Heat 
Exchanger 

HX Water Return 
Temp 

n/a n/a n/a 15 minutes 1/1-12/31/10 3 EMS CHWS.HX3CHWR-
T 

3 Water-side 
economizer 

Heat 
Exchanger 

HX Water 
Supply Temp 

n/a n/a n/a 15 minutes 1/1-12/31/10 3 EMS CHWS.HX3CHWS-T 

3 Water-side 
economizer 

Cooling 
towers 1-2 

CT Conditioned 
Water Return 
Flow 

n/a n/a n/a 15 minutes 1/1-12/31/10 3 EMS CLGTWRS.CT[1-
2]CWR-FLW 

3 Water-side 
economizer 

Cooling 
towers 1-2 

CT Fan Status n/a n/a n/a 15 minutes 1/1-12/31/10 3 EMS CLGTWRS.CTF[1-
2]-S 

3 Water-side 
economizer 

Cooling 
towers 1-2 

CT Conditioned 
Water Return 
Temp 

n/a n/a n/a 15 minutes 1/1-12/31/10 3 EMS CLGTWRS.CWR-T 

4 Heat wheel Enthalpy 
wheel 1.3 

True RMS kW Fluke 39 power 
meter 

CT + 
voltage clips 

Clamp-on One-time 9/16/10 1:30 
PM 

4 Evaluator  

4 Heat wheel Enthalpy 
wheel 1.1-4 

AHU heat wheel 
discharge leaving 
humidity 

n/a n/a n/a 15 minutes 1/1-12/31/10 4 EMS AHU1.1.HWDAL-H 

4 Heat wheel Enthalpy 
wheel 1.1-4 

AHU heat wheel 
discharge leaving 
temp 

n/a n/a n/a 15 minutes 1/1-12/31/10 4 EMS AHU1.1.HWDAL-T 

4 Heat wheel Enthalpy 
wheel 1.1-4 

AHU heat wheel 
exhaust air 
entering humidity 

n/a n/a n/a 15 minutes 1/1-12/31/10 4 EMS AHU1.1.HWEAE-H 

4 Heat wheel Enthalpy 
wheel 1.1-4 

AHU heat wheel 
exhaust air 
entering temp 

n/a n/a n/a 15 minutes 1/1-12/31/10 4 EMS AHU1.1.HWEAE-T 

4 Heat wheel Enthalpy 
wheel 1.1-4 

AHU heat wheel 
exhaust air 
leaving temp 

n/a n/a n/a 15 minutes 1/1-12/31/10 4 EMS AHU1.1.HWEAL-T 
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4 Heat wheel Enthalpy 
wheel 1.1-4 

AHU heat wheel 
outside air 
entering temp 

n/a n/a n/a 15 minutes 1/1-12/31/10 4 EMS AHU1.1.HWOAE-T 

4 Heat wheel Enthalpy 
wheel 1.1-4 

AHU heat 
wheel status 

n/a n/a n/a 15 minutes 1/1-12/31/10 4 EMS AHU1.1.HW-S 

5 Low-
velocity 

fume hoods 

All low-
velocity 
fume hoods 

Fume hood face 
velocity 

n/a n/a n/a 15 minutes 1/1-12/31/10 5 EMS FH*.AI-3, FH*.AV-
16 

5 Low-
velocity 

fume hoods 

All low-
velocity 
fume hoods 

Fume hood 
sash area 

n/a n/a n/a 15 minutes 1/1-12/31/10 5 EMS FH*.AV-[3,20] 

5 Low-
velocity 

fume hoods 

All low-
velocity 
fume hoods 

Fume hood 
sash position 

n/a n/a n/a 15 minutes 1/1-12/31/10 5 EMS FH*.BV-2 

6 Exhaust fan 
VFDs 

EF 1.3 True RMS kW Dent ElitePro power 
meter 

200A CTs Clamp-on 15 minutes 8/11/10-
11/8/10 

6 Evaluator  

6 Exhaust fan 
VFDs 

EF 1.[1-4] Fan speed n/a n/a n/a 15 minutes 1/1-12/31/10 6 EMS EF1.[1-4.EF[A,B]-
SPD 

7 CO2 sensors AHU2.[1-2] Discharge air 
temp 

n/a n/a n/a 15 minutes 1/1-12/31/10 7 EMS AHU2.[1-2].DA-T 

7 CO2 sensors AHU2.[1-2] OA damper 
position 

n/a n/a n/a 15 minutes 1/1-12/31/10 7 EMS AHU2.[1-2].OA-DPR 

7 CO2 sensors AHU2.[1-2] OAT n/a n/a n/a 15 minutes 1/1-12/31/10 7 EMS AHU2.[1-2].OA-T 

7 CO2 sensors AHU2.[1-2] pre-heat temp n/a n/a n/a 15 minutes 1/1-12/31/10 7 EMS AHU2.[1-2].PH-T 

7 CO2 sensors AHU2.[1-2] RA damper 
position 

n/a n/a n/a 15 minutes 1/1-12/31/10 7 EMS AHU2.[1-2].RA-DPR 

7 CO2 sensors Auditorium
135 Zone 

CO2 n/a n/a n/a 15 minutes 1/1-12/31/10 7 EMS AUD135.ZN-CO2 
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7 CO2 sensors VAV 
System zone 
221 

CO2 n/a n/a n/a 15 minutes 1/1-12/31/10 7 EMS VAV221.ZN-CO2 

7 CO2 sensors VAV 
System zone 
221 

Supply air flow 
rate 

n/a n/a n/a 15 minutes 1/1-12/31/10 7 EMS VAV221.SUPPL-
FLW 

9 Daylighting 2 Daylight-
controlled 
fixtures 

%Time On Dent Light Logger photo sensor Magnetic continuous 11/8/10-
2/22/11 

9 n/a n/a 

9 Daylighting 2 
Daylighting 
circuits 

Amps HOBOware Pro 
Energy Logger 

50A CTs Clamp-on 15 minutes 11/8/10-
2/22/11 

9 n/a n/a 

General  ISB utility 
meters 

kWh n/a n/a n/a 15 minutes 1/1-12/31/10 n/a EMS SQUARE-
D.ISBUSS1[A-B] 

General  Central 
plant utitlity 
meter 

kWh n/a n/a n/a 15 minutes 1/1-12/31/10 n/a EMS SQUARE-
D.CUPUSS1A 
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5.2. Data Summaries by Measure 
5.2.1. ECM-1 VFDs & Chiller optimization 
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Figure 1 Chiller 1-3 (1250 T) One week snapshot during Logged Period in Summer 
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Figure 2 Chiller 1-5 (1000T) One week snapshot during Logged Period in Summer 

These two figures demonstrate the VFDs functioning on the electric chillers, allowing the power to vary 
with load. 
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5.2.2. ECM-2 VFDs on 5 heating system pumps 
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Figure 3 Reheat hot water pump 4.1 kW vs. Pump % Speed 
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Figure 4 Reheat hot water pump 4.2 kW vs. Pump % Speed 
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Figure 5 Reheat hot water pump 4.3 kW vs. Pump % Speed 
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Figure 6 Radiant hot water pump 5.1 kW vs. Pump % Speed 
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Figure 7 Radiant hot water pump 5.2 kW vs. Pump % Speed 

The five figures above verify that the VFDs are operating properly on the reheat and radiant hot water 
distribution pumps.  They also reveal that the pumps typically operate at 50-55% of capacity. 
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5.2.3. ECM-3 Plate & Frame HX to provide free cooling 
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Figure 8 Hourly Average by Season of Free Cooling provided by Plate & Frame Heat Exchanger 

The figure above exhibits the energy saved by the plate and frame heat exchanger, with the majority of 
the savings occurring during the colder Fall and Winter months.  The energy values were calculated from 
trended flows and entering and leaving temperatures. 
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5.2.4. ECM-4 Heat wheels in four main AHUs 
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Figure 9 Annual average hourly Sensible Effectiveness of Enthalpy Wheels on air handlers in the 
Lab Wing 

The chart above displays the hourly sensible effectiveness which was calculated from trended flows and 
entering and leaving temperatures across the wheels in the supply-side and exhaust-side ducts on AHUs 
1.2 and 1.3.  Temperature data on AHUs 1.1 and 1.4 was unreliable and unavailable, respectively, so the 
results for the wheels on AHU1.2 and 1.3 were extrapolated to the other two. 
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5.2.5. ECM-5 Low-velocity fume hoods 
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Figure 10 Exhaust Flow and Sash Area vs. Face Velocity for a Low-flow Fume Hood on the First 
Floor of the Lab Wing 
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Figure 11 Exhaust Flow and Sash Area vs. Face Velocity for Low-flow Fume Hood on the Fourth 
(Research) Floor of the Lab Wing 

The two graphs above demonstrate that exhaust flow (in blue on left y-axis) does not vary with fume hood 
face velocity (x-axis).  As a result, the face velocity increases with decreasing sash area (in red on right y-
axis).  This behavior was seen consistently across all the sampled low-flow fume hoods on all four floors.  
Had the measure been implemented properly, one would generally expect to see two sets of gathered 
points – one near the 60 fpm face velocity at a lower exhaust flow and one near the 100 fpm face velocity 
at a higher flow – with two corresponding sets of gathered points for sash areas.   The table below shows 
the results of the trend analyses done to determine typical low-flow fume hood face velocities when the 
sashes are open (based on sash area greater than five square feet). 

Table 25: Summary of Sampled Fume Hood Face Velocities when Sash Open 

Floor Design Flow (fpm) Sample Count Population Count Avg Face Velocity (fpm) 
1 60 5 55 99 
2 60 7 61 86 
3 60 4 21 80 
4 60 6 6 93 
  Weighted Average Face Velocity (fpm) 90 
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5.2.6. ECM-6 VFDs on hood exhaust fans 
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Figure 12 AHU1.1 Exhaust Fan Speed and Supply Flow vs. Exhaust Flow 
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Figure 13 AHU1.4 Exhaust Fan Speed and Supply Flow vs. Exhaust Flow 

The two charts above exhibit the VFDs on the air handler exhaust fans functioning as expected with speed 
(in red on left y-axis) varying with exhaust flow (x-axis).  Additionally, it can be seen that the exhaust 
flows correlate strongly with supply flows (in blue on right y-axis), having R2 values greater than 0.95, 
further indicating their independence from fume hood activity as well as the requirement that exhaust fan 
VFDs are necessary components of these variable air volume systems. 
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5.2.7. ECM-7 Demand Controlled Ventilation 
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Figure 14 Large lecture hall CO2 Levels and Supply Air Flows 
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Figure 15 Small lecture hall CO2 Levels and Supply Air Flows 
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The two figures above show that when occupied supply air flows (in blue on left y-axis) do not respond as 
expected to changes in CO2 levels (on x-axis), having a low R-squared value of 0.29.  Also, there is even 
less correlation with OSA damper position (in green on right y-axis).  Furthermore, it is demonstrated that 
CO2 levels are frequently above the set point of 1000 ppm, particularly in the large lecture hall.  Zone 
temperatures (in red on right y-axis) are shown here to demonstrate that the room climate is being 
controlled to meet the occupied cooling and heating set points. 

 

 

5.2.8. ECM-9 Daylighting Controls 

None. 
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5.3. Model Outputs by Measure 
5.3.1. Baseline 

Table 26: Baseline 

                                                                                                                                                                                                                  DOE-2.2-47h2   3/29/2011    10:34:04  BDL RUN  2 
REPORT- BEPU Building Utility Performance                                                                                                                                                                        WEATHER FILE- Chicopee Falls   MA TMY3 

              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 112127 0 0 0 0 0 112127 

EM2  ELECTRICITY              
KWH 391957 0 1455057 0 243000 113303 1175928 307258 0 0 0 0 3686502 

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 0 2040087 0 0 0 0 2040087 

FM2  NATURAL-GAS              
THERM 0 0 0 0 0 0 0 0 0 0 0 0 0 

FM2  NATURAL-GAS              
THERM 0 0 96246 0 153262 0 0 0 0 0 0 0 249508 

Stea STEAM              
MBTU 0 0 0 30926 0 0 0 0 0 0 0 0 30926 

              
 TOTAL ELECTRICITY   5838716. KWH        48.432 KWH     /SQFT-YR GROSS-AREA   48.432 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS    249508. THERM       2.070 THERM   /SQFT-YR GROSS-AREA    2.070 THERM   /SQFT-YR NET-AREA  
 TOTAL STEAM           30926. MBTU        0.257 MBTU    /SQFT-YR GROSS-AREA    0.257 MBTU    /SQFT-YR NET-AREA  
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 21.23     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                       =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =     0      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 =  1860      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.2. ECM-1 VFDs & Chiller optimization 

Table 27: 5.3.2. ECM-1 VFDs & Chiller optimization 

DOE-2.2-47h2   3/25/2011    10:23:25  BDL RUN  2 
REPORT- BEPU Building Utility Performance                                                                                                                                                                       WEATHER FILE- Chicopee Falls   MA TMY3 

              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 112127 0 0 0 0 0 112127 

EM2  ELECTRICITY              
KWH 391957 0 1316083 0 249095 96814 1098230 307258 0 0 0 0 3459441 

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 0 2040087 0 0 0 0 2040087 

FM2  NATURAL-GAS              
THERM 0 0 0 0 0 0 0 0 0 0 0 0 0 

FM2  NATURAL-GAS              
THERM 0 0 39064 0 121459 0 0 0 0 0 0 0 160523 

Stea STEAM              
MBTU 0 0 0 30926 0 0 0 0 0 0 0 0 30926 

              
 TOTAL ELECTRICITY   5611655. KWH        46.548 KWH     /SQFT-YR GROSS-AREA   46.548 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS    160523. THERM       1.332 THERM   /SQFT-YR GROSS-AREA    1.332 THERM   /SQFT-YR NET-AREA  
 TOTAL STEAM           30926. MBTU        0.257 MBTU    /SQFT-YR GROSS-AREA    0.257 MBTU    /SQFT-YR NET-AREA  
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 21.23     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                       =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =     0      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 =  1860      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.3. ECM-2 VFDs on 5 heating system pumps  

Table 28: 5.3.3. ECM-2 VFDs on 5 heating system pumps 

DOE-2.2-47h2   3/25/2011    10:35:49  BDL RUN  4 
REPORT- BEPU Building Utility Performance                                                                                                                                                                       WEATHER FILE- Chicopee Falls   MA TMY3 

              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 15522 0 0 0 0 0 15522 

EM2  ELECTRICITY              
KWH 391957 0 1455057 0 243000 113303 1175928 307258 0 0 0 0 3686502 

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 0 2040087 0 0 0 0 2040087 

FM2  NATURAL-GAS             
THERM 0 0 0 0 0 0 0 0 0 0 0 0 0 

FM2  NATURAL-GAS             
THERM 0 0 96246 0 153262 0 0 0 0 0 0 0 249508 

Stea STEAM              
MBTU 0 0 0 31219 0 0 0 0 0 0 0 0 31219 

              
 TOTAL ELECTRICITY   5742110. KWH        47.630 KWH     /SQFT-YR GROSS-AREA   47.630 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS    249508. THERM       2.070 THERM   /SQFT-YR GROSS-AREA    2.070 THERM   /SQFT-YR NET-AREA  
 TOTAL STEAM           31219. MBTU        0.259 MBTU    /SQFT-YR GROSS-AREA    0.259 MBTU    /SQFT-YR NET-AREA  
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 21.23     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                =     0      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                =  1860      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.4. ECM-3 Plate & Frame HX to provide free cooling 

Table 29: ECM-3 Plate & Frame HX to provide free cooling 

DOE-2.2-47h2   3/25/2011    10:25:55  BDL RUN  3 
REPORT- BEPU Building Utility Performance                                                                                                                                                                        WEATHER FILE- Chicopee Falls   MA TMY3 

              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 112127 0 0 0 0 0 112127 

EM2  ELECTRICITY              
KWH 391957 0 1432052 0 201008 116903 1162382 307258 0 0 0 0 3611553 

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 0 2040087 0 0 0 0 2040087 

FM2  NATURAL-GAS             
THERM 0 0 0 0 0 0 0 0 0 0 0 0 0 

FM2  NATURAL-GAS             
THERM 0 0 67034 0 112878 0 0 0 0 0 0 0 179912 

Stea STEAM              
MBTU 0 0 0 30926 0 0 0 0 0 0 0 0 30926 

              
 TOTAL ELECTRICITY   5763767. KWH        47.810 KWH     /SQFT-YR GROSS-AREA   47.810 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS    179912. THERM       1.492 THERM   /SQFT-YR GROSS-AREA    1.492 THERM   /SQFT-YR NET-AREA  
 TOTAL STEAM           30926. MBTU        0.257 MBTU    /SQFT-YR GROSS-AREA    0.257 MBTU    /SQFT-YR NET-AREA  
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 21.23     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =     0      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 =  1860      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      

 



MA CDA Impact Evaluation Western Massachusetts Electric Project WM06C224 

46  SBW Consulting, Inc.  

5.3.5. ECM-4 Heat wheels in four main AHUs 

Table 30: ECM-4 Heat wheels in four main AHUs 

DOE-2.2-47h2   3/25/2011    10:48:49  BDL RUN  5 
REPORT- BEPU Building Utility Performance                                                                                                                                                                         WEATHER FILE- Chicopee Falls   MA TMY3 

              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 112127 0 0 0 0 0 112127 

EM2  ELECTRICITY              
KWH 391957 0 1448506 0 193436 113271 1163404 307258 0 0 0 0 3617830 

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 0 2040087 0 0 0 0 2040087 

FM2  NATURAL-GAS             
THERM 0 0 0 0 0 0 0 0 0 0 0 0 0 

FM2  NATURAL-GAS             
THERM 0 0 97646 0 149429 0 0 0 0 0 0 0 247075 

Stea STEAM              
MBTU 0 0 0 30659 0 0 0 0 0 0 0 0 30659 

              
 TOTAL ELECTRICITY   5770044. KWH        47.862 KWH     /SQFT-YR GROSS-AREA   47.862 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS    247075. THERM       2.049 THERM   /SQFT-YR GROSS-AREA    2.049 THERM   /SQFT-YR NET-AREA  
 TOTAL STEAM           30659. MBTU        0.254 MBTU    /SQFT-YR GROSS-AREA    0.254 MBTU    /SQFT-YR NET-AREA  
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 21.23     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =   0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =       0      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 =  1860      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.6. ECM-5 Low-velocity fume hoods 

Not modeled 

5.3.7. ECM-6 VFDs on hood exhaust fans 

Not modeled 

5.3.8. ECM-7 Demand Controlled Ventilation 

Not modeled 
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5.3.9. ECM-9 Daylighting Controls 

Table 31: ECM-9 Daylighting Controls 

DOE-2.2-47h2   3/25/2011    11:11:18  BDL RUN  1 
REPORT- BEPU Building Utility Performance                                                                                                                                                                       WEATHER FILE- Chicopee Falls   MA TMY3 

              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 112127 0 0 0 0 0 112127 

EM2  ELECTRICITY              
KWH 386777 0 1455057 0 242994 113303 1175927 307258 0 0 0 0 3681315 

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 0 2040087 0 0 0 0 2040087 

FM2  NATURAL-GAS             
THERM 0 0 0 0 0 0 0 0 0 0 0 0 0 

FM2  NATURAL-GAS             
THERM 0 0 96246 0 153261 0 0 0 0 0 0 0 249506 

Stea STEAM              
MBTU 0 0 0 30936 0 0 0 0 0 0 0 0 30936 

              
 TOTAL ELECTRICITY   5833529. KWH        48.389 KWH     /SQFT-YR GROSS-AREA   48.389 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS    249506. THERM       2.070 THERM   /SQFT-YR GROSS-AREA    2.070 THERM   /SQFT-YR NET-AREA  
 TOTAL STEAM           30936. MBTU        0.257 MBTU    /SQFT-YR GROSS-AREA    0.257 MBTU    /SQFT-YR NET-AREA  
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 21.23     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =       0      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 =  1860      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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5.3.10. All ECMs 

Table 32: All ECMs 

DOE-2.2-47h2   3/29/2011    10:31:42  BDL RUN  1 
REPORT- BEPU Building Utility Performance                                                                                                                                                                        WEATHER FILE- Chicopee Falls   MA TMY3 

              
  TASK MISC SPACE SPACE HEAT PUMPS VENT REFRIG HT PUMP DOMEST EXT  
 LIGHTS LIGHTS EQUIP HEATING COOLING REJECT & AUX FANS DISPLAY SUPPLEM HOT WTR USAGE TOTAL 
              

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 15494 0 0 0 0 0 15494 

EM2  ELECTRICITY              
KWH 386777 0 1474071 0 231041 117773 1107934 307258 0 0 0 0 3624848 

EM2  ELECTRICITY              
KWH 0 0 0 0 0 0 0 2040087 0 0 0 0 2040087 

FM2  NATURAL-GAS             
THERM 0 0 0 0 0 0 0 0 0 0 0 0 0 

FM2  NATURAL-GAS             
THERM 0 0 48791 0 85951 0 0 0 0 0 0 0 134742 

Stea STEAM              
MBTU 0 0 0 30960 0 0 0 0 0 0 0 0 30960 

              
 TOTAL ELECTRICITY   5680428. KWH        47.119 KWH     /SQFT-YR GROSS-AREA   47.119 KWH     /SQFT-YR NET-AREA  
 TOTAL NATURAL-GAS    134742. THERM       1.118 THERM   /SQFT-YR GROSS-AREA    1.118 THERM   /SQFT-YR NET-AREA  
 TOTAL STEAM           30960. MBTU        0.257 MBTU    /SQFT-YR GROSS-AREA    0.257 MBTU    /SQFT-YR NET-AREA  
              
 PERCENT OF HOURS ANY SYSTEM ZONE OUTSIDE OF THROTTLING RANGE = 21.23     
 PERCENT OF HOURS ANY PLANT LOAD NOT SATISFIED                                      =  0.00      
 HOURS ANY ZONE ABOVE COOLING THROTTLING RANGE                                 =     0      
 HOURS ANY ZONE BELOW HEATING THROTTLING RANGE                                 =  1860      
              
 NOTE:  ENERGY IS APPORTIONED HOURLY TO ALL END-USE CATEGORIES.      
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