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2 INTRODUCTION 
This document presents the final report for the Impact Evaluation of PY2019 Custom Gas Installations, conducted for the 

Massachusetts Program Administrators (PAs) under the guidance of the Massachusetts Energy Efficiency Advisory Council 

(EEAC) Consultants. This study was led by DNV and included expertise from our partner firm DMI (together, the team). The 

team completed two primary activities: 

 Performed a site-based measurement and verification (M&V) impact evaluation to quantify the achieved natural gas 

energy savings for 29 custom gas projects for program year 2019 (PY2019). The team pooled the results of this study 

with the results from the PY2018 and PY2017 impact evaluation studies to produce updated PA-specific and statewide 

first-year annual (“annual”) realization rates (RRs) and the lifetime savings adjustment factors (LSAFs). 

 Conducted desk reviews of PY2019 projects installed at 29 sites included in the study. Desk reviews examined the 

frequency and impact of lost opportunity vs. retrofit measure reclassifications, baseline changes, dual baseline 

calculations, and measure life changes. 

The program sponsor PAs are Berkshire Gas Company (Berkshire), Eversource, Liberty Utilities (Liberty), National Grid, and 

Unitil. Eversource tracks custom gas projects implemented in PY2019 by Columbia Gas separately, and this report follows 

the same approach. 

The custom gas program has been evaluated every year starting with PY2016 and its results have been pooled with the 

past results starting with PY2017. The results for PY2017 have been pooled with the results of PY2016 and the results for 

PY2018 have been pooled with the results for PY2017 and PY2016. Starting with PY2019, DNV dropped the results from 

earliest year (PY2016) and continued to use the results of most recent three years.  

The impact evaluation study of PY2019 has been modified to reflect limitations associated with the COVID-19 pandemic. 

Site-specific evaluation consisted of a base site evaluation scope and, when certain conditions were met and with PA 

approval, site M&V activities were added to the base scope. An “operation realization rate” was applied to sites where 

performance verification was not included in the scope (billing analysis, building automation system (BAS) trend data, or 

evaluator-installed metering). The previous evaluation (PY2018) was only indirectly impacted by COVID, since all the 

metering had been deployed by lockdown in late March 2020. The COVID adaptions applied in the PY2019 evaluation were 

developed during the custom electric impact evaluation.  

2.1 Study purpose and objectives 
The primary objective of this impact evaluation was to verify and re-estimate the natural gas savings for a sample of 

statistically selected PY2019 custom gas projects through site-specific inspection, monitoring, and analysis. The team 

pooled the PY2019 results with the PY2017 and PY2018 results to determine the gross RRs to be applied to custom gas 

energy efficiency projects implemented in 2021 and prospectively to PY2023 and beyond (absent a new study). The results 

from this study will be applied to the PY2021 tracking savings in the 2021 Annual Report filed in 2022. The team has pooled 

the three most recent annual program evaluation results together to determine RRs and LSAFs that meet the precision 

targets. In more detail, the objectives of the study were: 

1. Evaluate first-year gross savings for the PY2019 program and to pool them with the results of the impact evaluation 

studies of PY2017 and PY2018 programs. The study aimed to: 

a. Achieve natural gas gross annual savings statewide, with a targeted pooled sampling precision of ±10% at 

80% confidence when pooled with PY2017 and PY2018 results. 

b. Achieve natural gas gross annual savings for Columbia Gas, Eversource, and National Grid, with a 

targeted sampling precision of ±20% at 80% confidence when pooled with PY2017 and PY2018 results. 
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2. Assess baseline practices. The team conducted desk reviews on the sites included in the study to review measure 

event type and baseline and measure life selection. The detailed results of the desk reviews are provided in 

APPENDIX D. 

3. Evaluate lifetime gross savings for PY2019 program and pool them with the results of the impact evaluation studies 

of PY2017 and PY2018 programs. Calculate the pooled lifetime savings adjustment factor (LSAF) to be used by 

the PAs to report evaluated lifetime savings. 

2.2 Report structure 
The rest of the report is organized as follows: 

 Section 3: Methodology and Approach 

 Section 4: Data Sources 

 Section 5: Analysis and Results 

 Section 6: Conclusions, Recommendations, and Considerations 

 APPENDIX A: Summary of sampled projects 

 APPENDIX B: Summary of replaced sites 

 APPENDIX C: BAG meetings summary 

 APPENDIX D: Desk reviews results 

 APPENDIX E: Adjusting gross realization rate standard errors for imputed operation RR 

 APPENDIX F: Lifetime savings adjustment factors (LSAF) methodology 

 APPENDIX G: Individual evaluation site reports 
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3 METHODOLOGY AND APPROACH 
The evaluation team’s approach was consistent with the overall procedures and protocols developed during the previous 

rounds of custom gas impact evaluation conducted for PY2017 and PY2018. However, specific adaptions to field work and 

results analysis methods were required to account for limitations associated with the COVID-19 pandemic. The following 

sections provide details on sampling, site-specific methods, and the operation adjustments used to extrapolate site-specific 

findings to calculate the evaluated results for the program. 

3.1 Sample development 
The team designed the sample for the PY2019 impact evaluation with the intention of pooling the annual evaluation results 

with the prior PY2018 and PY2017 results to produce a three-year pooled updated result. The general principle used in this 

design is that the results from each year need to achieve ±35% relative precision at 80% confidence interval to maintain a 

three-year pooled result of ±20% relative precision at 80% confidence interval for gross annual therms savings RRs for 

Columbia Gas, Eversource, and National Grid. Likewise, the annual statewide target must be set at ±17% relative precision 

at 80% confidence interval to achieve a rolling three-year result at ±10% relative precision at 80% confidence interval for 

gross annual therms savings RRs. The team used model-based statistical sampling (MBSS) techniques to develop the 

sample design. The sampling unit is the sum of all projects installed in the evaluated program year at an individual account. 

The team developed the sampling plan to meet first-year natural gas savings relative precision targets at the 80% 

confidence interval statewide and for Columbia Gas, Eversource, and National Grid. Table 3-1 presents the target relative 

precision values and error ratio assumptions that the team developed from previous studies. 

Table 3-1. PY2019 sample design relative precision targets for annual savings (80% confidence interval) 

Program Administrator 
Annual Relative Precision 

Sampling Target 
Three-Year Relative Precision 

Pooled Sampling Target 
Sampling 

Error Ratio 

Columbia Gas ±35% ±20% 0.25 

Eversource ±35% ±20% 0.55 

National Grid ±35% ±20% 0.40 

Berkshire Gas, Liberty, Until N/A N/A 0.50 

Statewide ±17% ±10% 0.50 

N/A = Not applicable – no target due to small population 

3.1.1 PY2019 sample frame 
The initial population for this impact evaluation was the set of custom gas projects rebated in 2019. Table 3-2 shows the 

distribution of all tracking records and the associated annual savings by PA. 

Table 3-2. PY2019 custom gas program impact evaluation population distribution 

Program 
Administrator 

Tracking Annual Savings 
(Therms) Sites 

Small Sites Annual Tracking 
Savings (Therms) Small Sites 

Berkshire Gas 23,005* 3* 0 0 
Columbia Gas 1,086,706 378 37,886 139 
Eversource 2,147,113 170 9,726 23 
Liberty 278,547 15 0 0 
National Grid 5,396,695 360 20,397 41 
Until 56,200 18 0 0 
Statewide 8,988,266 944 68,009 201 

(*) – one site where one retrofit project was installed that reported annual savings of 84,146 therms was not included in the population because DNV 
misclassified it as a CDA. 
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As in previous evaluations, small sites were excluded from the sample frame. Two hundred and one sites with annual 

savings less than 1,000 therms, with total tracking savings of 68,009 therms, were removed from the population. These 

small sites account for about 0.8% of total program tracking savings and do not warrant the expense of site M&V. Table 3-3 

shows the selected sample frame after dropping the small sites. 

Table 3-3. PY2019 custom gas program impact evaluation sample frame 

Program Administrator Population Tracking Annual Savings (Therms) 
Berkshire Gas 3 23,005 
Columbia Gas 239 1,048,820 
Eversource 147 2,137,387 
Liberty 15 278,547 
National Grid 319 5,376,298 
Until 18 56,200 
Statewide 741 8,920,257 

3.1.2 Sample size 
Table 3-4 shows the design sample allocations for this project by PA. In this design, Berkshire Gas, Liberty, and Unitil do not 

meet the criteria for a PA realization rate and will apply the statewide result in any future reporting. The design plans for 

Columbia Gas, Eversource, and National Grid to use their PA-specific result for future reporting. 

Table 3-4. PY2019 custom gas program impact evaluation sample design 

Program Administrator Sites 
Tracking Annual 

Savings (Therms) 
Error 
Ratio 

Sample 
Points 

Expected Relative 
Precision 

Berkshire Gas 3 23,005 0.50 1 N/A 
Columbia Gas 239 1,048,820 0.25 5 18% 
Eversource 147 2,137,387 0.65 13 22% 
Liberty 15 278,547 0.50 1 N/A 
National Grid 319 5,376,298 0.40 8 28% 
Unitil 18 56,200 0.50 1 N/A 
Statewide 741 8,920,257 0.55 29 18% 

N/A = Not applicable – no target due to small population 

The results from this study will be pooled with those from the PY2018 and PY2017 studies to develop updated realization 

rates, which the PAs will use to report PY2021 savings in the Annual Report filed in 2022. Table 3-5 shows the planned 

precision at the statewide level and for Columbia Gas, Eversource, and National Grid. 
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Table 3-5. PY2017–PY2019 sample design summaries (at 80% confidence interval) 
Statewide 2017 (achieved) 2018 (achieved) 2019 (planned) 

Tracking annual savings (therms) 9,142,734 10,031,481 8,920,257 
Sample size 31 26 29 
Relative precision – annual ±10% ±15% ±23% 
Relative precision – pooled ±6% (*) ±7% (**) ±8% (***) 
Columbia Gas 2017 (achieved) 2018 (achieved) 2019 (planned) 

Tracking annual savings (therms) 931,229 2,236,456 1,048,820 

Sample size 6 6 5 

Relative precision – annual ±27% ±5% ±34% 
Relative precision – pooled ±12% (*) ±7% (**) ±12% (***) 
Eversource 2017 (achieved) 2018 (achieved) 2019 (planned) 

Tracking annual savings (therms) 3,132,306 3,919,061 2,137,387 

Sample size 14 9 13 

Relative precision – annual ±16% ±71% ±13% 

Relative precision – pooled ±14% (*) ±27% (**) ±18% (***) 
National Grid 2017 (achieved) 2018 (achieved) 2019 (planned) 
Tracking annual savings (therms) 4,703,134 3,342,077 5,376,298 
Sample size 8 8 8 

Relative precision – annual ±15% ±17% ±32% 

Relative precision – pooled ±9% (*) ±8% (**) ±14% (***) 
(*) – calculated by combining PY2016 and PY2017 results 

(**) – calculated by combining PY2016, PY2017, and PY2018 results 

(***) – calculated by combining PY2017 and PY2018 results with PY2019 proposed sample 

3.1.3 Sample stratification 
The sample design uses stratification by energy savings to achieve the sample precision targets with the fewest sample 

points. Table 3-6 shows the sample strata, the sample size within each stratum, and the probability of selection for this 

design by PA. In addition, the sample was stratified by sites that have steam traps or no steam traps by PA. Though steam 

trap savings are not currently separated out and the steam trap strata are pooled into the PAs’ total realization rates, there is 

ongoing discussion and parallel research to determine if separation will be necessary in the future. Therefore, to prepare for 

the potential segmentation of steam trap projects, the sample has been designed to allow for that option. 
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Table 3-6. PY2019 custom gas program impact evaluation sample allocation by strata 

Program Administrator Stratum Stratum Annual Savings (therms) Population (N) Sample Size (n) 

Berkshire Gas 1 9,612 2 1 

Berkshire Gas - steam traps 1 13,393 1 0 

Berkshire Gas Total 23,005 3 1 

Columbia Gas 1 339,072 172 3 

Columbia Gas 2 510,705 44 2 

Columbia Gas - steam traps 1 49,466 14 0 

Columbia Gas - steam traps 2 149,577 9 0 

Columbia Gas Total 1,048,820 239 5 

Eversource 1 412,318 75 4 

Eversource 2 532,245 16 4(*) 

Eversource 3 765,593 11 3 

Eversource - steam traps 1 148,259 36 2 

Eversource - steam traps 2 153,404 9 1(*) 

Eversource - steam traps 3 125,568 2 0 

Eversource Total 2,137,387 147 13(*) 

Liberty 1 266,612 14 1 

Liberty - steam traps 1 11,935 1 0 

Liberty Total 278,547 15 1 

National Grid 1 1,818,726 217 3 

National Grid 2 2,931,770 31 2 

National Grid - steam traps 1 263,996 50 1 

National Grid - steam traps 2 361,806 21 2 

National Grid Total 5,376,298 319 8 

Unitil 1 56,200 18 1 

Unitil - steam traps 1 0 0 0 

Until Total 56,200 18 1 

(*) – because one Eversource site installed both steam trap and non-steam trap projects, the team generated 13 different site reports  

The PAs and EEAC approved the sample design, and the team randomly selected a list of primary sites for evaluation. Each 

PA provided the team with the documentation supporting the tracked savings for each project associated with the randomly 

selected sites. 
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3.1.4 Sample changes and final sample disposition 
Table 3-7 presents the final disposition of the sample for site-specific M&V. 

Table 3-7. PY2019 final sample disposition 

PA Target Sample Replaced Sites Evaluated Sample 

Berkshire Gas 1 0 1 

Columbia Gas 5 4 (four unresponsive sites) 5 (four sites replaced) 

Eversource 13 4 (three unresponsive sites; one site refused) 13 (four sites replaced) 

Liberty 1 1 (one unresponsive site) 1 (one site replaced) 

National Grid 8 4 (one unresponsive site; three sites refused) 8 (four sites replaced) 

Unitil 1 0 1 

Statewide 29 13 29 (thirteen sites replaced) 

The recruiting success rate (as a percent of the total recruiting attempts made) was lower than the two previous rounds of 

custom gas evaluation. This comparison can be found in Figure 3-1.  

Figure 3-1. Recruiting success rate as a percent of total attempts compared to the previous two cycles 

 

Figure 3-1 indicates when field work was conducted and when COVID lockdown started. For the evaluation of PY2018, sites 

had been visited and meters installed before lockdown, therefore, COVID had no impact on recruiting, only minor 

inconvenience impact on field work, and no impact on PY2018 results. PY2019 field work started in January 2021, and 

COVID strongly impacted recruitment. 

The program participants that refused to be part of the PY2019 evaluation study also increased compared to the previous 

two cycles. Figure 3-2 presents the number of unresponsive sites and the sites that refused to participate in the study for the 

most recent cycles. 
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Figure 3-2. Comparison of total recruited, unresponsive, and refusals with the previous two study rounds 

 

APPENDIX B provides a summary of the replaced sites and the factors that led to their replacement. 

3.2 Description of site-specific evaluation methodology 
The site work consisted of desk reviews, on-site visits, and metering of a randomly selected sample of projects at 

participating facilities. 

Starting with the impact evaluation of PY2016, the team has reviewed and evaluated the factors associated with the 

calculation of LSAFs (effective useful life and for dual baseline measures, the outyear factor and remaining useful life). The 

measures with complex baselines were scrutinized by the Baseline Advisory Group (BAG) to ensure that the events and the 

baselines were assessed in a consistent manner. Details on the topics discussed during the monthly BAG meetings are 

provided in APPENDIX C. The desk review task was completed for 42 measures installed at the sampled sites.  

Due to COVID-19 restrictions limiting site work, this study’s methodology was modified from previous years. The key 

changes were: 

 Site visits: the use of virtual audits to verify the project(s) installation and interview the site contact to gather details on 

the baseline. 

 The team calculated results for the impact evaluation of PY2019 custom gas program using historical operational 

adjustments from the past two impact evaluations of custom gas program (PY2018 and PY2017) pooled to with the 

operational parameters verified at 12 sites included in the impact evaluation of PY2019 custom gas program. 

3.2.1 Desk reviews 
The scope of the desk reviews (DRs) included an in-depth review of measure event types (lost opportunity or retrofit), 

baseline, and measure life for each measure included in the evaluation. The desk review evaluated the following practices: 

 Measure event type reclassification. The appropriate reference baseline, either lost opportunity or retrofit, is 

established based on the preponderance of evidence supporting the selection. Reassignment from retrofit to lost 

opportunity usually results in lower savings; the converse usually results in more savings. 

 Industry standard practice (ISP). The baseline framework requires ISP baselines (except for unique measures) for 

lost opportunities (new construction or replace-on-failure measures). This practice may induce more frequent use of an 

ISP instead of a customer-specific baseline or the relevant codes and standards. ISP can be more efficient than code, 

which can reduce savings. 

Dual baseline. Considering the effects of dual baseline calculations on lifetime savings of early retirement measures, rather 

than always using single baseline savings over the measure life, reduces lifetime savings. The dual baseline lifetime savings 

results are provided to demonstrate their impact on lifetime savings. 
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 Measure life. Review applicant measure life values compared with authoritative sources. The primary source of 

measure lives is the Massachusetts eTRM. 

For each site, the reviewer filled out the DR information (by measure) in the data collection template workbook. The entries 

from all DR sites were aggregated and analyzed to summarize measure event and baseline reclassification occurrences, 

explore potential trends, and quantify baseline reclassification impacts on the tracking savings. 

3.2.2 Managing pandemic impacts 
The execution of this study overlapped with the SARS-COV #2 pandemic. Site evaluation and customer recruitment 

methods were adapted to minimize the impact on customers coping with pandemic restrictions.  

Site evaluation method adaptions. Site-specific evaluation consisted of a base site evaluation scope and, when certain 

conditions were met and with PA approval, site M&V activities were added to the base scope. The base and add-on 

methods are described below: 

Base scope (default) 

 This base scope consisted of a desk review of the applicant’s assumptions and calculation methodology and an 

interview of the site contact and use a virtual audit tool (if the participant was willing to cooperate) to validate measure 

installation. 

 The site report presents site-specific results and realization rates calculated based on non-operational adjustments 

(baseline, applicant calculation methodology, tracking and admin, technology, and quantity). To calculate program 

results, the realization rates for the sites evaluated using this method were pooled with historical operational 

adjustments from the past two impact evaluation cycles. 

Add-on 1: On-site verification 

 This task added scope to validate measure installation through information gathered on-site. Metering was not in the 

scope of with the add-on. This add-on required permission from the PA. 

 The site report presents site-specific results and realization rates calculated based on non-operational adjustments 

(baseline, applicant calculation methodology, tracking and admin, technology, and quantity). To calculate program 

results, the realization rates for the sites evaluated using this method were pooled with historical operational 

adjustments from the past two impact evaluation cycles. 

Add-on 2: Billing analysis 

 This task added a billing analysis for sites where billing analysis was an appropriate method for calculating measure 

impacts and where the consumption had not been impacted by the pandemic. 

 The site report presents site-specific results calculated based on the billing analysis results and lists all site-specific 

adjustments (baseline, applicant calculation methodology, tracking and admin, technology, quantity, and operational). 

To calculate the program results, the realization rates for the sites evaluated with this method were not pooled with 

other adjustments. 

Add-on 3: Standard evaluation (M&V) 

 This task added modeling the annual natural gas consumption of the installed measure using one of the following: 

 Metering of end uses impacted by the measure. The measure’s operation at the time of the site visit was not 

impacted by the current pandemic. This approach required permission from the PA. 

 EMS data is available and no site visit. The measure’s operation over the period for which EMS data is available 

was not impacted by the current pandemic. This approach did not require permission from the PA. 
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Customer recruitment. Customer recruitment was managed using an updated pandemic-compliant, PA-approved 

communication protocol. Prior to study kick-off, the PAs provided pandemic-specific guidelines for qualifying site 

participants, including: 

 Evaluation will not conduct any outreach of any kind to healthcare facilities, such as hospitals, nursing homes, or 

assisted living facilities. 

 Evaluation will not ask anyone to go into their facility if they are not already there or create a situation where a customer 

feels compelled to make a separate trip to their facility to provide data.  

 Evaluation will be mindful that response rates could differ from normal circumstances and any data we collect may be 

influenced by the current COVID-19 situation. Evaluators will use their best judgment about what types of data it would 

be meaningful to try to collect. 

 The team may contact internal implementation staff (e.g., PA employees) regarding evaluation topics, but any 

communication will be sensitive to the possibility that PA staff may be overwhelmed with other requests or immediate 

issues related to COVID-19. The evaluators will be patient and understanding in communications. 

By default, the team evaluated each site using the base method (virtual verification). If certain conditions applied, the base 

method was supplemented with add-ons. Add-on methods were used if some of the following conditions applied: 

 Condition #1: Site contact is present on site and agrees to the site visit, and it is safe to do site visits. This condition 

had to be met so that evaluators could use Add-on 1 or the metering option included in Add-on 3. 

 Condition #2: Operation of the evaluated measure(s) was not affected by the pandemic and the metering window was 

not affected by seasonality. This is a condition that had to be met so that evaluators could use the metering option 

included in Add-on 3. If EMS data was available and was recorded during a period not impacted by the pandemic, the 

evaluators used the option based on EMS included in Add-on 3. 

 Condition #3: Natural gas consumption at the site was not impacted by the pandemic or enough post-installation bills 

were issued before February 2020. This condition had to be met so that evaluators could use Add-on 2. 

Figure 3-3 illustrates the conditions that should have been satisfied and the add-on scope that was used in lieu of or with the 

base scope. 
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Figure 3-3. Summary of add-on scope and conditions that must be satisfied 

 

The add-on options required PA approval. The approval steps were: 

 A description of how the site satisfies the applicable conditions listed in Figure 3-3. 

 A rationale based on customer input on the measure(s) being evaluated. 
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Historical billing information for all primary samples and some backup samples has been requested in support of this 

process. 

3.2.2.1 Customer outreach 

Following the updated COVID-19-compliant, PA-approved communication protocol described in Section 3.2.2 above, 

evaluators reached out to customer site contacts. During this initial outreach, the engineers discussed the purpose of the 

outreach, the scope of measures installed, availability of on-site trend/SCADA/production data, and any other applicable 

parameters relevant to the evaluation, and confirmed the site’s ability and willingness to participate in the evaluation. 

Efforts were made to minimize pre-recruitment evaluation activities until the customer site contact indicated they would 

accommodate the evaluation process. However, to communicate effectively with the customer site contact, the evaluators 

had to develop a strong understanding of the installed measures prior to customer outreach. A backup site was selected if 

the site contact was unresponsive or refused to participate in the evaluation. 

3.2.3 Site-specific activities 
The scope of the site activities was to verify the installation of the measures installed to calculate the first-year and lifetime 

savings resulting from the measure installation. The following sections provide details on the activities the team conducted to 

achieve those objectives. 

3.2.3.1 Evaluation planning 

Because of the current pandemic situation, the team generated site-specific evaluation plans that recommended evaluation 

methods as described in Figure 3-3 from Section 0. For sites impacted by the pandemic, the team generated evaluation 

plans that proposed either a desk review with remote inspection (Base), a Base with on-site verification, or a Base with a 

billing analysis (if evaluators determined the pandemic or other causes did not impact the operation of the evaluated 

measure during the billing periods). Those plans followed most of the traditional M&V planning steps but did not address 

actual M&V activities, such as installing metering equipment. Instead, the evaluation engineers interviewed the site contacts 

or visited the sites to verify the measure installation. Note that a billing analysis was not attempted for sites impacted by 

COVID because of the impact COVID would likely have on natural gas consumption. 

For sites that were not impacted by the pandemic, the team generated evaluation plans that proposed either the Base with a 

billing analysis or the Base with standard M&V. Those plans followed the traditional M&V scope before starting site data 

collection activities. All plans were submitted to each PA for feedback. The DNV team requested the PAs provide comments 

or questions within five business days of receiving the draft evaluation plans, after the initial site visit, for all sites evaluated 

using billing analysis or standard approach, evaluators submitted an updated plan in which they addressed the PAs’ 

feedback and provided updates following the site visit. 

Each evaluation plan included the following sections: 

 Proposed evaluation method: Provides details that show which criteria presented in Figure 3-3 from Section 0 were 

met to propose an evaluation method. 

 Site description: Provides a description of the project(s), its savings mechanism, and the facility where it was 

implemented. 

 Applicant baseline(s): Provides a description of the baseline(s) used by the applicant to calculate the project(s) 

impacts. 

 Applicant savings algorithm(s): Provides a description of the algorithm(s) used by the applicant to calculate the 

project(s) energy savings. 
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 Evaluator baseline(s): Provides a description of the baseline(s) the evaluator plans to use to calculate the project(s) 

energy savings. 

 Evaluator savings algorithm(s): Provides a description of the algorithm(s) the evaluator plans to use calculate the 

project(s) energy savings. 

 Evaluator metering approach: For sites evaluated using Base + Add-on 2 or Base + Add-on 3 methods, provides 

details on the metering strategy to gather data required to calculate the project(s) energy savings. 

 Site visit requirements: Provides details on the activities the evaluator will perform during the site visit (e.g., visual 

inspection of the measure, questions the evaluator will ask the site contact). 

3.2.3.2 Data collection 

With PA input to the site evaluation plan, the team contacted the customer to schedule a remote or on-site audit at a day 

and time convenient for the customer site contact. 

For sites evaluated without additional performance data (either billing, metering, or BMS trends), data collection consisted of 

verifying the installed project(s), installed technology, quantities, and a discussion with facility personnel to gather 

information on installed measure(s) and the conditions that existed prior to the installation of the measure(s). On-site visits 

were conducted with PA approval when the site contact was on-site. 

For sites evaluated using a billing analysis or standard M&V methods, the team conducted M&V. On-site M&V data 

collection included physical inspection, an interview with facility personnel, observation of site operating conditions and 

equipment, metering of equipment usage, and collection of facility-provided data. In some cases, multiple facility interviews 

and/or equipment vendor interviews were completed to ensure an accurate understanding of operating practice. 

3.2.3.3 Site-specific reports 

The site report presents relevant information associated with the evaluated measures. Each site report contains the 

following sections: 

Project summary and results – Provides a brief description of how the evaluated measures at the site save energy and a 

high-level summary of why the evaluation results may differ from the tracking estimates. The site results are also presented 

in this section. 

Evaluated measures – Provides a description of the evaluated measures, including but not limited to: 

 Applicant baseline and proposed conditions 

 Applicant savings calculation methods 

 Evaluator assessment of the applicant savings calculation methods 

 How measures were verified 

 Data gathered by the evaluation team (metered, provided by the site and/or their PA), summarized in graphic or table 

form 

 Evaluation baseline used 

 The evaluation analysis method used, identifying any deviations from the original savings estimation method 

Final results – Provides a summary of the results, including but not limited to: 

 Key savings parameters determined through the evaluation and a comparison to those used in the original savings 

estimate 

 A summary of the evaluated savings calculated and the primary drivers for differences between the tracking savings 

estimates and evaluation savings estimates. The discrepancy categories used to characterize the changes in savings 

between the tracking and evaluated estimates are: 
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 Non-operational differences: 

 Tracking/admin: Differences attributed to incorrect adjustments to savings that occurred between completion 

of the project savings calculations and entry into the PA tracking system. 

 Baseline: Due to evaluated change to the baseline definition. 

 Methodology difference: Differences attributed to changes in calculation methodology between the tracking 

analysis and the evaluation analysis. The evaluation changed the calculation methodology only when 

necessary to accurately calculate savings. 

 Quantity/size: Differences attributed to differences between the number of units or measure size expected or 

assumed in the project calculations and the number of units or measure size operating at the time of 

evaluation. 

 Technology: Differences between the evaluated baseline or installed equipment system type, size, and/or 

efficiency as compared to the equipment assumed in the tracking analysis.  

 Operational differences 

Operation discrepancies represent the differences between how the measures operate at the time of evaluation 

compared to the final assumptions used to estimate tracking savings. At 12 of the 29 evaluated sites, the 

evaluators captured operational differences and classified them as follows: 

 Pre-project errors (inputs or calculations): Due to discrepancies between evaluated measure operation 

(e.g., hours, temperatures, efficiencies) that could have been captured by the program before the measure was 

installed. This applies mostly to add-on measures (e.g., pipe insulation, steam traps, controls). 

 Operating efficiency: Due to discrepancies between evaluated and program proposed efficiencies. 

 Hours of operation: Due to discrepancies between evaluated measure operating and program proposed 

operating hours. 

 Operating: Due to discrepancies between evaluated measure operating and program proposed operating 

loads. 

 Lifetime savings and associated parameters including measure life. 

The team’s quality assurance lead reviewed a sample of site reports from each firm that were selected based on the 

characteristics of the site or analysis. This review determined if the reports complied with requirements and if the document 

communicated information clearly and consistently. The PAs and EEAC consultants had the opportunity to review and 

comment on all site reports. Occasionally, meetings were scheduled with stakeholders to discuss particular sites. All site 

reports are included in APPENDIX G. 

3.3 Operation adjustment methods 
This year’s study has been modified to reflect limitations associated with the COVID-19 pandemic. Site-specific evaluation 

consisted of a base site evaluation scope and, when certain conditions were met and with PA approval, site M&V activities 

were added to the base scope. The first stage was to calculate, for each evaluated project included in PY2019, PY2018, and 

PY2017, evaluated non-operation (tracking/admin, baseline, methodology, technology, and quantity) and operation absolute 

savings values (therms). Using the evaluated non-operation absolute savings values, the team calculated a “non-operation 

realization rate” for all sites included in the impact evaluation of PY2019, PY2018, and PY2017. Using the evaluated 

operation absolute savings and tracking savings for sites with operation adjustments only, the team calculated an “operation 

RR.” The second stage was to calculate the PY2019 pooled operation RR by pooling the historical (PY2018 and PY2017) 

and PY2019 operation RR. The PY2019 pooled operation RR compensates for the operation savings evaluators did not 

calculate at sites that did not have M&V activities. Then, the evaluators multiplied the operation and non-operation RRs to 

calculate the annual RR. Details on the calculation methodology used to pool operation RRs from the three custom program 

gas impact evaluation studies are provided in APPENDIX E.   
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4 DATA SOURCES 
To support the findings of the study, the DNV team used the following data sources: 

 PY2019 tracking data provided by all five PAs that offer the program 

 PY2017 and PY2018 impact evaluation results and historical operation adjustment factors 

 Project files, which typically include the following: applications, BCR screenings, invoices, technical assistance studies, 

applicant savings calculations, and post-installation reports 

 Remote or on-site audit observations and data collection, including inspection and verifications of equipment, nameplate 

data, staff interviews, and vendor interviews 

 For sites that qualified for M&V or sites with customer- or vendor-supplied operational data, that metered trend data. 
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5 ANALYSIS AND RESULTS 
The team reviewed the site findings and aggregated the site results to calculate the annual gross RR for PY2019. The 

evaluators also calculated three-year pooled gross RRs (and associated precision levels) using the results from PY2019, 

PY2018, and PY2017. PY2018 and PY2017 impact evaluation results have been presented in their respective study reports 

issued in March 2021 and March 2020. The following subsections provide details on the PY2019 annual results and the 

three-year pooled results. 

APPENDIX A summarizes the 29 sites at which M&V activities were completed. The summary includes the site ID, PA 

Application ID, evaluation method, PA, description of evaluated measure, site weight, tracking and evaluated first-year 

savings, site RR, tracking and evaluated measure life values, and a summary of projects installed at each evaluated site. 

APPENDIX D provides details on the desk reviews methods and results. 

APPENDIX G includes all 29 site-specific reports approved by the PAs and the EEAC. 

5.1 Desk review findings 
The team reviewed 42 measures installed at 29 sites included in the impact evaluation sample. The desk reviews focused 

on the correct measure event type classification, measure baseline definition, and the measure life. Table 5-1 shows a 

summary of the results for PY2019. 

Table 5-1. PY2019 – desk reviews results summary 

Description Tracking Desk Reviews 

Number of measures 42 42 

Lost opportunity measures, as a percentage of program first-year savings 9.9% 9.9% 

Early replacement measures, as a percentage of program first-year savings 90.1% 90.1% 

Change in first-year savings due to event type reclassification (from retrofit to lost 
opportunity only) 

N/A 0% 

Changes in first-year savings due to adjustments to baseline efficiencies N/A +0.18% 

Changes in program lifetime savings if dual baseline treatment was applied N/A -0.09% 

Changes in program lifetime savings due to differences in measure life N/A -4.90% 

N/A: Not applicable 

When compared to PY2018, the DRs for PY2019 resulted in the following: 

 There were no measure event type or baseline differences between the program and the evaluators (same as PY2018). 

 The baseline efficiency adjustments resulted in an increase of 0.18% in program first-year savings (PY2018 resulted in 

0% impacts). 

 The dual baseline adjustment had a negligible impact in the program lifetime savings (PY2018 resulted in a reduction of 

1.2%). 

 The measure life adjustment resulted in a reduction of 4.90% in the program lifetime savings (PY2018 resulted in an 

increase of 0.2%). 

The desk review methods and detailed results can be found in APPENDIX D. 

5.2 Accounting for operation adjustment 
Due to COVID adaptations, measure operation performance could not be verified at all sites. Table 5-2 summarizes the 

distribution of evaluation methods applied across the sample and whether the evaluation activities assessed only non-
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operational performance differences (e.g., baseline, methodology, counts, technology) or both non-operational and 

operational performance. 

Table 5-2. PY2019 sites classification by evaluation method 

Evaluation Method Number of Sites Number of Measures 
Site-Specific Evaluation 

Activities 
Base (desk review and virtual 
inspection or customer 
interview) 

8 10 Non-operation only 

Base with on-site inspection 9 18 Non-operation only 

Base with billing analysis 1 1 Non-operation and operation 

Base standard M&V 11 13 Non-operation and operation 

Evaluators disaggregated PY2019, PY2018, and PY2017 site discrepancies into operation and non-operation absolute 

savings values (therms). Then, for each of the three program years, the evaluators summed the weighted tracking savings of 

all sites with operation or non-operation discrepancies to calculate respective realization rates. 

PY2019 operation RR was calculated using operation results from 12 sites evaluated as part of the PY2019 study, PY2018 

and PY2017 operation results, and the relative contribution to the overall operation results are presented in Figure 5-1. 

Figure 5-1. Operation realization rates – historical 

 

Because all evaluated sites had non-operation results, the PY2019 non-operation RR did not require an adjustment. Figure 

5-2 presents the annual non-operation RRs. 
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Figure 5-2. Non-operation realization rates – historical 

 

Figure 5-3 shows the relative contribution of tracking savings that had operation adjustments by year. 

Figure 5-3. Historical contribution to the historical operation RRs by program year 

 

For PY2019, the operation contribution to the program tracking savings used to calculate the operation RR was calculated 

using tracking savings from 12 sites at which evaluators conducted M&V and were included in PY2019 study and PY2018 

and PY2017 tracking savings. 

Details on the calculation methodology used to pool operation RRs from the three custom program gas impact evaluation 

studies are provided in APPENDIX E. 

5.3 PY2019 annual results 
The team calculated the annual results for PY2019 using the 29 site-specific results and the historical operation adjustments 

from 12 sites evaluated as part of PY2019 and the impact evaluations of PY2018 and PY2017. Table 5-3 presents results 
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specific to PY2019 statewide and for Columbia Gas, Eversource, and National Grid. The realization rates include both non-

operation and operation adjustments. 

Table 5-3. PY2019 year-specific custom natural gas annual savings impact results 

Results Statewide Columbia Gas Eversource National Grid 

Annual tracking savings (therms) 8,920,257 1,048,820 2,011,819 5,376,298 

Number of sites 29 5 13 8 

Sites results with non-operational adjustments 29 5 13 8 

Sites results with operational adjustments 12 2 8 2 

Annual first-year savings realization rate 80% 81% 79% 85% 
Relative precision at the 80% confidence 
interval 

±14% ±21% ±9% ±19% 

The PY2019 year-specific annual realization rates were pooled with the results of the evaluations of the previous two 

program years (PY2017 and PY208) to produce the pooled realization rates that will be applied to PY2021 tracking data and 

reported in the 2021 Annual Report and prospectively to PY2023 and beyond (absent of a new study). A summary of 

historical annual year specific savings results is presented in Table 5-4. 

Table 5-4. Custom gas program historical annual year-specific RRs (80% confidence interval) 

Results 
PY2019 PY2018 PY2017 PY2016 

RR RP  RR RP RR RP  RR RP 
Statewide 80% ±14% 72%* ±15%* 87% ±10% 82% ±9% 

Statewide (EV) N/A N/A 61%** ±28%** N/A N/A N/A N/A 

Columbia Gas 81% ±21% 101% ±5% 91% ±27% 80% ±6% 

Eversource 79% ±9% 32% ±71% 77% ±16% 72% ±25% 

National Grid 85% ±19% 72% ±17% 94% ±15% 88% ±9% 

R.P. – relative precision calculated for 80% confidence interval (CI) 

(*) – this result is calculated using the weight of 1 

(**) – this result is calculated using the actual weight (2.6) 

N/A – not applicable 

5.4 PY2019 – three-year pooled realization rates 
The team calculated the PY2019 three-year pooled gross RRs using the results from PY2019, PY2018, and PY2017. The 

historical three-year pooled RR results are presented in Table 5-5. 

Table 5-5. Custom gas program historical pooled RR (80% confidence interval) 

Results 

PY2019 (PY19, PY18, and 
PY17 pooled) 

PY2018 (PY18, PY17, and PY16 
pooled) 

PY2017 (PY17 and PY16 
pooled) 

RR RP  RR RP RR RP 

Statewide 80% ±7% 80%* ±7%* 85% ±6% 

Statewide (EV) N/A N/A 76%** ±11%** N/A N/A 

Columbia Gas 94% ±11% 93% ±7% 84% ±12% 

Eversource 60% ±18% 60% ±27% 75% ±14% 

National Grid 85% ±13% 87% ±8% 91% ±9% 

R.P. – relative precision calculated for 80% confidence interval  

(*) – this result is calculated using the weight of 1 

(**) – this result is calculated using the actual weight (2.6) 
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N/A – not applicable 

The PY2019 three-year pooled statewide relative precision target, set according to the current protocol, was met with an 

achieved relative precision value better than ±10% at the 80% confidence interval. When the results for the most recent 

three program years where pooled, PA-specific relative precision targets of ±20% at the 80% confidence interval were met 

by Columbia Gas, Eversource, and National Grid. 

5.5 Lifetime savings adjustment factors (LSAFs) 
This is the second year the team calculated lifetime savings adjustment factors, which the PAs use for reporting. The team 

pooled the results of PY2019, PY2018, and PY2017 to calculate the LSAFs. Starting with PY2019, evaluators included dual-

baseline impacts in the LSAFs. The LSAFs calculated for the two previous program years (PY2018 and PY2017) do not 

include the dual-baseline impacts because the PAs did not report those effects when reporting project results. The historical 

three-year pooled LSAF results are presented in Table 5-6. 

Table 5-6. Custom gas program historical pooled LSAFs summary 

LSAF Statewide Columbia Gas Eversource National Grid 

PY2019 (PY2019, PY2018, and PY2017 pooled) 99% 87% 99% 97% 

PY2018 (PY2018, PY2017, and PY2016 pooled) 103% 108% 102% 102% 

PY2019 95% 36% 103% 93% 

PY2018 103% 103% 117% 92% 

PY2017 99% 116% 93% 101% 

PY2016 110% 100% 115% 109% 

When compared with the PY2018, results the PY2019 LSAF values decreased mainly because evaluators determined that 

measure life values for 13 projects installed at nine sites were smaller than the values reported by the program, and 

because the PY2016 results were dropped from the three-year pool. 

Table 5-7. PY2019 – Inventory of projects for which evaluators updated tracking measure life values 

Site ID App ID Measure Description 
Tracking 

ML (years) 
Evaluated 
ML (years) 

2019C0056N CGCLCR00300881 Pipe insulation 18 15 
2019C0094N CGCLCR00301005 Pipe insulation 23 15 
2019C0094N CGCLCR00300975 Pipe insulation 25 15 
2019C0094N CGCLCR00301078 Pipe insulation 25 15 
2019C0094N CGCLCR00300746 Pipe insulation 25 15 
2019C0147N CGCSCR00303593 Pipe insulation 18 15 
2019C0152N CGCSCR00303238 Pipe insulation 18 15 
2019C0214N CGCLCR00301102 Pipe insulation 25 15 
2019C0214N CGCLCR00300797-1 Boiler burner controls 25 15 
2019C0214N CGCLCR00300797-2 Boiler burner controls 25 15 
2019E0293N MA19P00004377 Air sealing 25 15 
2019E0343C MA19P00005845 Add a condensate return loop 20 18 
2019N0648N 10192035 Refrigerated case doors 12 13 
2019U0659N 130653 Water de-aeration device for ice resurfacing 15 10 

A summary of tracking and evaluated measure life values for all projects included in the Custom Gas PY2019 evaluation is 

presented in APPENDIX A. 

5.6 Discrepancy analysis 
Evaluated and tracking savings differ for many reasons. Discrepancies were categorized by the site engineers evaluating 

each site based on the definitions described in Section 3.2.3.3. Site-specific values were multiplied by the site weights to 
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demonstrate the impact of each discrepancy on the overall statewide results. The discrepancies are presented as a 

percentage value, which is the isolated impact of that specific adjustment on the overall savings realization rate for the 

program. The individual site reports provide a detailed discussion of the savings variance and the discrepancies that drove 

the results at each site. Figure 5-4 breaks down the non-operation factors as classified by the evaluators. 

Figure 5-4. PY2019 non-operation discrepancies by category 

 

The largest non-operational discrepancy (19% contribution to the reduction in non-operation RR) was due to methodology 

differences associated with pipe insulation measures (17 out of 24 projects that feature that discrepancy). The second 

largest non-operational discrepancy (2% contribution to the reduction in non-operation RR) was due to differences in 

insulated length and surface areas associated with pipe insulation measures (five out of seven projects that feature that 

discrepancy). 

Due to the COVID-19 pandemic, at 17 out of 29 sites, evaluators did not adjust operational differences. At some of these 

sites, some of the operational differences did not require long-term metering (e.g., steam pressure and boiler efficiency used 

in the pipe insulation and steam traps projects savings calculations). For these sites, evaluators used historical operation 

results to account for operational differences and, to avoid double-counting operational differences, evaluators did not 

include those differences in the site-specific results. 

Due to the lack of data, evaluators could not calculate impacts of operational differences for PY2019 custom gas program. 

To mitigate the impacts of the current pandemic, evaluators pooled PY2019 and historical operation results.  

To provide an insight on differences that impacted the site-specific results (non-operation and/or operation), DNV listed the 

ten largest discrepancies that contributed to each calculated site result below: 

 2019E0342N: Methodology difference – decreased savings: The applicant’s inaccurate methodology of calculating heat 

loss rates for underground piping overestimated the heat loss rates of the baseline and as-built conditions. The 

evaluators’ methodology resulted in less savings (negative contribution of 98% to the site RR of 32%). 

 2019C0056N: Baseline – decreased savings: The evaluators determined that the baseline should be 0.5′′ of insulation, 

as opposed to the bare piping and pump surface that was used by the applicant (negative contribution of 82% to the site 

RR of 29%). 
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 2019C0147N: Quantity/size – decreased savings: The evaluator only considers savings from the 83 ft of insulated HW 

piping in the (unconditioned) boiler room. The car wash tunnel is a conditioned space, so any heat loss from the 

previously uninsulated 260 ft of piping would contribute to useful heating. Heat loss through the car wash tunnel pipes in 

the existing case would contribute to heating the space and would offset the space heating load on the unit heaters; 

therefore, any decrease in piping heat loss would be offset by an increase in load on the unit heaters. Insulating the HW 

pipes in the car wash tunnel would not reduce natural gas consumption (negative contribution of 68% to the site RR of 

32%). 

 2019C0147N: Pre-project errors (inputs or calculations) – decreased savings: The applicant used a process (HW) 

temperature of 170°F in 3E Plus. The evaluator separated the process temperature of the HW supply (163°F) and the 

HW return (155°F), which affected the calculated heat loss of the bare and insulated pipe in 3E Plus. This update in the 

evaluator’s heat loss reduced the savings (negative contribution of 28% to the site RR of 32%) 

 2019E0350N: Baseline – decreased savings: The evaluator updated the baseline to reflect the pre-existing poorly 

insulated HW pipes. The applicant modelled a no insulation baseline, while the applicant calculated a “poorly insulated” 

case equivalent to 0.5′′ of PIR insulation. There is a significant drop in the baseline heat loss between zero and 0.5′′ of 

insulation, which decreased the measure savings (negative contribution of 83% to the site RR of 6%). 

 2019N0538N: Methodology difference – decreased savings: The applicant did not follow the ASTM C680 standard 

when calculating the heat loss value. The evaluators used 3EPlus modeling software that follows the ASTM C680 

standard when calculating the heat loss values (negative contribution of 55% to the site RR of 46%). 

 2019E0328N: Pre-project errors (inputs or calculations) – decreased savings: The evaluated steam (pipe surface) 

temperature was smaller than predicted by the applicant (negative contribution of 34% to the site RR of 37%). 

 2019C0094N: Methodology difference – decreased savings: Due to the difference in methodology in calculated heat 

loss for underground applications. The applicant incorrectly used 3EPlus, which uses ASTM-C80 calculation 

methodology. The evaluator calculated only conductive heat losses using Fourier’s equation and considered only the 

conductive heat transfer from the pipe to the ground (negative contribution of 29% to the site RR of 85%). 

 2019E0342N: Pre-project errors (inputs or calculations) – increased savings: The evaluated thermal conductivity of the 

moist soil was greater than predicted by the applicant (positive contribution of 27% to the site RR of 32%). 

 2019N0417N: Baseline – increased savings: The evaluators defined an ISP baseline that includes boilers which are 

82% efficient, in accordance with IECC 2015 Table C403.2.3(5) for non-condensing hot water boilers. The applicant 

assumed the baseline boilers to be 85% efficient. The evaluator’s lower baseline efficiency resulted in a significant 

increase in savings (positive contribution of 50% to the site RR of 183%). 

More details on each site can be found in the individual site reports in APPENDIX G. 

5.7 Influence tests 
The team conducted outlier testing on the results from this study to determine if any sample points could be considered 

outliers. To do this, the team followed the same methods developed in previous rounds of impact evaluation1 to assess 

leverage and influence. 

We do not want to exclude or reduce the weight of cases just because they have leverage or influence. We try to create 

leverage that is uniform, however, we cannot create a perfectly optimal sample. Moreover, we do not want to automatically 

reduce the weight of very large cases, especially on a retrospective basis. These cases represent a large fraction of the 

savings, which is why they are sampled at high rates. 

 
1 ERS and DNV GL, Impact Evaluation of 2016 Custom Gas Installations Final Report, March 5, 2019, Appendix E. 
http://ma-eeac.org/wordpress/wp-content/uploads/MA-CIEC-P79-Custom-Gas-March-06.pdf  
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We would want to reduce the weight of a high-leverage case if: 

1. It is highly influential, and 

2. We have reason to believe its RR is both anomalous and somehow much more extreme than is typical of its stratum or 

the population overall. 

Figure 5-5 and Figure 5-6 present the results of the leverage testing for all 29 sites included in the PY2019 Custom Gas 

program evaluation for statewide and PAs. The axes are relative to the average. The relative leverage is the ratio of the 

site’s leverage, based on weighted savings, to the average of the site leverage. The same also applies for the relative 

deviation. 

Figure 5-5. PY2019 – statewide leverage test 

 

At the statewide level, there were no sites with both a significant relative deviation and a significant relative leverage. 
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Figure 5-6. PY2019 – PA level leverage test 

 

At the PA level, no sites had both a significant relative deviation and a significant relative leverage. Therefore, the analysis 
did not require altering any case weights in this study. 
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6 CONCLUSIONS, RECOMMENDATIONS, AND CONSIDERATIONS 
This section presents conclusions, recommendations, considerations, and opportunities for future research. 

6.1 Conclusions 
This evaluation achieved its objective and provided the re-estimation of natural gas impacts for a sample of custom gas 

installations through site-specific inspection, monitoring, and analysis. The team calculated realization rates at the statewide 

level as well as separately for Columbia Gas, Eversource, and National Grid. Berkshire, Liberty, and Unitil are not subject to 

specific sampling targets and will adopt the statewide realization rates. The PY2019 results were pooled with the PY2018 

and PY2017 results to produce realization rates that will be reported in 2022 and reported by the program for PY2021. 

The sample target for this study was to achieve ±17% relative precision at an 80% confidence interval for statewide annual 

PY2019 results. By pooling with the PY2018 and PY2017 results, the sample was designed to achieve ±10% relative 

precision at the 80% confidence interval for three-year pooled results. The sample design also included PA-specific first-year 

savings PY2019 annual relative precision targets (±35%) for Columbia Gas, Eversource, and National Grid. By pooling with 

the PY2018 and PY2017 results, the sample for Columbia Gas, Eversource, and National Grid was designed to achieve 

precisions below the target of ±20% relative precision at the 80% confidence interval for three-year pooled results. 

The three-year pooled statewide precision target, set according to the current protocol, was met with an achieved relative 

precision value better than ±10% at the 80% confidence interval. When the results for the most recent three program years 

where pooled, PA specific precision targets of ±20% at the 80% were met by Columbia Gas, Eversource, and National Grid. 

Pooled PY2019, PY2018, and PY2017 annual gross realization results. In accordance with the Impact Evaluation 

Framework, the team pooled the PY2019 results with the previous two cycles impact evaluation results (PY2018 and 

PY2017) to calculate a rolling annual RR at the statewide and PA level. PA-specific RRs were calculated for Columbia Gas, 

Eversource, and National Grid. 

Table 6-1 presents the three-year pooled results calculated using PY2019, PY2018, and PY2017 pooled custom gas 

statewide and PA-specific RRs and the results from previous evaluations. 

Table 6-1. First year results (PY2019 RR will be reported in 2022 and used for PY2021 Annual Report) 

Results 
PY2019 (PY19, PY18, and 

PY17 pooled) 
PY2018 (PY18, PY17, and PY16 

pooled) 
PY2017 (PY17 and PY16 

pooled) 
RR RP @ 80% CI RR RP @ 80% CI RR RP @ 80% CI 

Statewide 80% ±7% 80%* ±7%* 85% ±6% 

Statewide (EV) N/A N/A 76%** ±11%** N/A N/A 

Columbia Gas 94% ±11% 93% ±7% 84% ±12% 

Eversource 60% ±18% 60% ±27% 75% ±14% 

National Grid 85% ±13% 87% ±8% 91% ±9% 

R.P. – relative precision calculated for 80% confidence interval (CI) 

(*) – this result is calculated using the weight of 1 

(**) – this result is calculated using the actual weight (2.6) 

N/A – not applicable 

The RR for PY2019 was reduced mainly because of the non-operation differences. The largest contributor to non-operation 

differences was the methodology discrepancy associated with the pipe insulation projects. 
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Pooled PY2019, PY2018, and PY2017 LSAF values. In accordance with the Impact Evaluation Framework, PAs will adjust 

lifetime impacts starting with 2021 Annual Report. The team calculated a lifetime savings adjustment factor (LSAF) the PAs 

will use the annual report. The team pooled the PY2019 annual results with the previous two cycles impact evaluation 

annual results (PY2018 and PY2017) to calculate a rolling LSAF at the statewide and PA level. PA-specific LSAFs were 

calculated for Columbia Gas, Eversource, and National Grid. Table 6-2 presents the LSAF values. 

Table 6-2. LSAF (PY2019 LSAFs will be reported in 2022 and used for PY2021 Annual Report) 

LSAF Statewide Columbia Gas Eversource National Grid 

PY2019 (PY19, PY18, and PY17 pooled) 99% 87% 99% 97% 

PY2018 (PY18, PY17, and PY16 pooled) 103% 108% 102% 102% 

LSAFs are used to report PA evaluated savings in the Annual Report and will be applied to the tracking measure life in the 

BC Tool. 

In PY2019 the program reported measure life values for 30% of the evaluated measures were greater than the values the 

team assigned based on eTRM (12 measures) and previous evaluation studies (1 measure). 

PY2019 Performance. The program continues to generate significant natural gas savings. The statewide PY2019 

participation consisted of 944 distinct accounts, adjusted gross saving of approximately 9.0 million therms annually. For 

reference, Table 6-3 presents the annual results for PY2018 and the past four evaluations. 

Table 6-3. Statewide natural gas program evaluation history 

Results PY2013 PY2016 PY2017 PY2018 PY2019 

Tracked annual savings (therms) 8,345,907 9,652,649 9,221,180 10,031,481 8,988,266 

Annual RR 88% 82% 87% 72%* %80 

Relative precision (80% CI) ±10% ±9% ±10% ±15% ±14% 

Sample size 46 53 31 25 29 

Steam trap and pipe insulation contribution N.D. 39% 47% 40% 28% 

(*) – this result is calculated using the weight of 1 

N.D. = No data 

Table 6-3 notes the percentage of portfolio savings from steam traps and pipe insulation ranged between 28% and 47% 

since PY2016. Evaluators found discrepancies mostly on pipe insulation projects mainly because of methodology and 

insulated areas differences. 

6.2 Recommendations 
The team has the following recommendations based on the data collected, conclusions, results, and process of this impact 

evaluation. 

Recommendation 1: The evaluation team designed the sampling plan so that individual realization rates (RRs) will be 

applied for those PAs with more than ten evaluated sites across three years and where the final precision meets the 

intended individual PA precision targets (±20%) and so that statewide results which will be used by Berkshire Gas, Liberty, 

and Unitil meets a precision target of (±10%). The relative precision of the RRs for Columbia Gas (±11%), Eversource 

(±18%), and National Grid (±13%) meet the target and each PA had more than ten sites (when PY2019, PY2018, and 

PY2017 are pooled), therefore their individual PA realization rates will be applied. 
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Because fewer than ten sites were evaluated in their territory, Berkshire, Liberty, and Unitil will use statewide results that 

achieved a relative precision of ±7%. The applicable RRs are presented in Table 6-1. 

The team recommends that these RRs should be applied to PY2021 tracking data and reported in the 2021 Annual Report 

and prospectively to PY2023 and beyond (absent of a new study), and those results should be pooled. 

Recommendation 2: PAs should enter the LSAFs presented in Table 6-2 in the B/C model for the 2021 Annual Report filed 

in 2022. 

Recommendation 3: The team evaluated 21 pipe insulation projects installed at 15 sites included in this study. For 20 

projects installed at 14 sites, evaluators identified differences between the program and the evaluated parameters that 

contribute to project savings. For 15 pipe insulation projects, evaluators identified methodology differences. PAs should 

ensure implementers use, for this measure, the correct modeling methods, based on American Society for Testing and 

Materials (ASTM) C680. 

6.3 Considerations 
1. Continue to leverage the ex-ante review process for projects that propose large savings or for measures that are 

considered unique. By allowing the evaluation team to independently assess and recommend baselines and the 

proposed energy models on key parameters and savings in the early stages of a project implementation, PAs should 

achieve higher certainty. 

2. Split commissioning-based parent/child applications are prone to error for both tracking savings reporting and 

evaluation of claimed savings. The PAs should consider instituting a more reliable method of clearly documenting the 

project as being part of a split commission-based savings application. If the application is a child application, the initial 

parent application ID should be included with the child application’s tracking data along with the parent application’s 

claimed savings. 

3. Consider the continuation of the baseline desk review task for future custom gas impact evaluations to assess the 

impact of new evaluation practices outlined in Massachusetts’s Baseline Framework. Continuing this practice will help to 

ensure the following practices are applied in a uniform manner: measure event type classification, industry standard 

practice, dual baseline impacts, and measure life. 

4. Consider the continuation of alternate data acquisition and analysis approaches as an outcome of the pandemic to 

minimize customer touch. Options could include interval billing analysis, virtual audits, and remote monitoring and 

should include analysis of customer segments best suited for the alternate options considered. 

5. Consider the continuation of the Baseline Advisory Group (BAG) to review and assess measure event types and 

baseline scenarios for measures which evaluators flag as complex and difficult to categorize. The BAG has been in 

place for three years and has provided both evaluation staff and PA/EEAC stakeholders with a venue to deliberate on 

baseline issues and address any other complex or unique site issues. 
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APPENDIX A. SUMMARY OF SAMPLED PROJECTS 
This Appendix includes details that are presented in two tables: 

 Measure-specific results are presented in Table A-1 

 Site-specific summaries are presented in Table A-2 

Note that results from sites evaluated using Base + Add-on 2 and Base + Add-on 3 methods were used directly to calculate the results for PY2019 and results 

from sites evaluated using Base and Base + Add-on 1 methods were further processed and pooled with results from PY2018 and PY2017 studies to calculate 

the results for PY2019. 

List of acronyms used in Tables A-1 and A-2 below: 

AO  Add-on 

TRK FYS: First year tracking savings (therms) 

EVL FYS: First year savings (therms) calculated by the evaluation team 

RR:  Realization rate calculated as the ratio between EVL FYS and TRK FYS 

TRK ML:  Measure life (years) reported by the program 

EVL ML:  Measure life (years) reported by the evaluators 

Table A-1. Measure-specific results 

Site ID PA ID 
Evaluation 
Method 

PA Measure Description 
Site 

Weight 
TRK 
FYS 

EVL 
FYS 

RR 
(%) 

TRK 
ML 

EVL 
ML 

2019B0001N 2197 Base Berkshire High efficiency dryers 2.0 2,174 2,174 100% 15 15 
2019C0056N CGCLCR00300881 Base + AO #3 Columbia Pipe insulation 57.3 5,128 1,485 29% 18 15 
2019C0094N CGCLCR00301005 Base + AO #1 Columbia Pipe insulation 11.0 2,154 805 37% 23 15 
2019C0094N CGCLCR00301078 Base + AO #1 Columbia Pipe insulation 11.0 6,145 2,078 34% 25 15 
2019C0094N CGCLCR00300975 Base + AO #1 Columbia Pipe insulation 11.0 0 1,175 N/A 25 15 
2019C0094N CGCLCR00300746 Base + AO #1 Columbia Pipe insulation 11.0 14,612 18,317 125% 25 15 
2019C0147N CGCSCR00303593 Base + AO #3 Columbia Pipe insulation 57.3 1,053 334 32% 18 15 
2019C0152N CGCSCR00303238 Base + AO #1 Columbia Pipe insulation 57.3 2,492 2,492 100% 18 15 
2019C0214N CGCLCR00300797-1 Base Columbia Boiler burner controls 11.0 5,607 5,439 97% 25 15 
2019C0214N CGCLCR00300797-2 Base Columbia Boiler burner controls 11.0 11,213 10,904 97% 25 15 
2019C0214N CGCLCR00301102 Base Columbia Pipe insulation 11.0 8,488 6,082 72% 25 15 
2019E0255S MA19P00005194 Base + AO #1 Eversource Steam traps repair and 

replacement 
16.5 4,368 7,302 167% 6 6 
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Site ID PA ID 
Evaluation 
Method 

PA Measure Description 
Site 

Weight 
TRK 
FYS 

EVL 
FYS 

RR 
(%) 

TRK 
ML 

EVL 
ML 

2019E0259N MA19P00004360 Base + AO #3 Eversource Pipe insulation 18.5 2,196 3,675 167% 15 15 
2019E0288N MA19P00003457-1 Base + AO #1 Eversource Building #1 – Energy 

recovery on laboratory 
RTUs 

2.0 109,461 109,901 100% 15 15 

2019E0288N MA19P00003457-2 Base + AO #1 Eversource Building #1 – High 
efficiency boilers 

2.0 14,338 14,397 100% 25 25 

2019E0288N MA19P00005700 Base + AO #1 Eversource Building #2 – High 
efficiency boilers 

2.0 2,933 2,924 100% 25 25 

2019E0293N MA19P00004377 Base + AO #3 Eversource Air sealing 18.5 1,663 2,300 138% 25 15 
2019E0296N MA19P00006126 Base Eversource Pipe insulation 3.0 63,908 68,735 108% 15 15 
2019E0326N MA19P00005825 Base + AO #3 Eversource Pipe insulation 18.5 6,867 6,681 97% 15 15 
2019E0328N MA19P00003067 Base + AO #3 Eversource Pipe insulation 18.5 11,153 4,155 37% 15 15 
2019E0336S MA19P00003192 Base + AO #1 Eversource Steam traps repair and 

replacement 
16.5 5,454 5,454 100% 6 6 

2019E0342N MA19P00003781 Base + AO #3 Eversource Pipe insulation 3.0 32,907 10,404 32% 15 15 
2019E0343C MA19P00003735 Base + AO #3 Eversource Pipe insulation 3.0 17,782 14,917 84% 15 15 
2019E0343C MA19P00005845 Base + AO #3 Eversource Add a condensate 

return loop 
3.0 38,504 50,316 131% 20 18 

2019E0343C MA19P00003724 Base + AO #3 Eversource Steam traps repair and 
replacement 

7.0 4,035 5,750 143% 6 6 

2019E0350N MA19P00003722 Base Eversource Pipe insulation 3.0 29,365 1,622 6% 15 15 
2019E0351N MA19P00003653 Base + AO #3 Eversource Pulp machine 2.0 109,680 111,939 102% 15 13 
2019E0355N MA19P00004766 Base + AO #3 Eversource Pipe insulation 2.0 146,650 101,789 69% 15 15 
2019L0375N 688AD496050A436D

91AC5D6F16780F95 
Base Liberty New EMS 8.0 8,993 8,993 100% 10 10 

2019N0405S 9668132 Base + AO #1 National Grid Steam traps repair and 
replacement 

6.5 14,870 14,870 100% 6 6 

2019N0417N 8666075 Base + AO #2 National Grid Condensing boilers 68.7 7,944 14,512 183% 25 25 
2019N0429S 10336147 Base National Grid Steam traps repair and 

replacement 
6.5 14,183 14,183 100% 6 6 

2019N0448S 9758945 Base + AO #1 National Grid Steam traps repair and 
replacement 

39.0 2,618 2,618 100% 6 6 

2019N0466N 10232475 Base + AO #1 National Grid Pipe insulation 9.5 60,029 50,950 85% 15 15 
2019N0466N 10232469 Base + AO #1 National Grid Pipe insulation 9.5 29,947 15,120 50% 25 25 
2019N0466N 10393956 Base + AO #1 National Grid Pipe insulation 9.5 19,005 20,960 110% 15 15 
2019N0466N 8858384 Base + AO #1 National Grid Pipe insulation 9.5 5,903 5,724 97% 15 15 
2019N0466N 8508984 Base + AO #1 National Grid AHU install 9.5 5,098 6,372 125% 15 15 
2019N0538N 10145328 Base + AO #3 National Grid Pipe insulation 68.7 42,436 19,708 46% 15 15 
2019N0635N 9140004 Base National Grid Reverse osmosis 

system 
9.5 230,366 230,366 100% 15 15 
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Site ID PA ID 
Evaluation 
Method 

PA Measure Description 
Site 

Weight 
TRK 
FYS 

EVL 
FYS 

RR 
(%) 

TRK 
ML 

EVL 
ML 

2019N0648N 10192035 Base + AO #1 National Grid Refrigerated case 
doors 

68.7 10,504 10,504 100% 12 13 

2019U0659N 130653 Base Unitil Water de-aeration 
device for ice 
resurfacing 

18.0 1,694 1,694 100% 15 10 

Table A-2 presents a summary for each of the 29 sites included in this evaluation study. 

Table A-2. Site-specific summary 

Site ID Site Summary 
2019B0001N 
Site RR = 
100% 

The evaluated project was installed at a hotel and consisted of the installation of two new 75 lb gas-fired commercial clothes dryers. The 
proposed dryers are equipped with enhanced moisture sensing controls which provide optimum drying temperature based on the moisture 
content of the laundry fabrics at each point in the drying cycle. The measure saves energy because the proposed system has a shorter 
average drying time per laundry load than the baseline system (which include a typical dry timer control), which resulted in smaller gas 
consumption per pound of removed moisture. 

Due to the pandemic, the facility operates with limited occupancy and has avoided all but essential visitation. Thus, the evaluators evaluated 
this site using Base - remote verification method and, in the savings calculations, the evaluators updated only non-operational parameters. 

The applicant classified the project as a new construction with an industry standard practice (ISP) baseline. The applicant baseline consisted 
of two dryers with manual time-based control (in which, the facility staff set the drying time manually). 

The evaluators determined the measure as a lost opportunity with an ISP baseline. The evaluated baseline is the same as the applicant 
baseline. The evaluators calculated the project savings using the same spreadsheet-based methodology as the applicant’s. All non-
operational input parameters matched the applicant value. The evaluated savings were the same as the reported tracking value. 

2019C0056N 
Site RR = 
29% 

The evaluated retrofit project was installed at a private school with classrooms, offices, and support spaces. The measure replaced old and 
water damaged insulation with new insulation on hot water pipes and pumps. Most of the piping is located in the corridor drop ceiling and the 
remaining piping and pumps are located in mechanical rooms. The mechanical rooms are unconditioned and the drop ceiling is classified as 
unconditioned space for this evaluation. Hot water is provided by three 400 MBH condensing boilers to fan coil units and unit ventilators. 

The evaluation approach is Base + Add-on#3 (on-site M&V) because COVID did not impact the operation of the hot water system and the 
site was able to accommodate a site visit. The school had shut down from April through July 2020 and was back to normal operation in 
August 2020. 

The applicant classified the measure as a retrofit with single baseline and calculated its impacts using 3E Plus. Based on the information 
gathered during the site visit, the evaluator classified the measure as an add-on with single baseline. The measure has a single baseline 
because the measure life of the installed pipe insulation (15 years) is less than 2/3 of the life of the hot water distribution system (25 years). 
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Site ID Site Summary 
The evaluated savings are 29% of the applicant-reported savings primarily because the applicant used a baseline that was inaccurate. In the 
pre-existing case, the HW pipes did have insulation, but it had become wet since its initial installation. The applicant used a baseline with no 
insulation rather than calculating a “poorly insulated” baseline. 

2019C0094N 
Site RR = 
85% 

The evaluated project was installed at a university campus and consisted of installing fitted insulation jackets and insulation on various pipes, 
fittings, valves, and other heating equipment. The project consists of four applications where insulation was installed within the main power 
plant, as well as three exterior locations for underground distribution lines. One of the underground applications was found to be tracked with 
0 therm savings but was confirmed to be installed and submitted for incentive, so it was considered within the evaluation. The applicant 
calculated the measure savings due to the reduction in heat loss between bare and insulated pipes and fittings. 

The site contact mentioned the heating load for the equipment has not changed much due to the pandemic, though some heating end uses 
may be irregular given the change in occupancy on campus with the university hybrid approach to learning. In addition, due to difficulties with 
recruitment (this was a backup/replacement site), the evaluation was not able to be conducted until April, which was too late to meter a 
heating-based measure. Therefore, the evaluation for this site was limited to a base scope with non-operational adjustments. 

The applicant classified the measures as retrofit with a single baseline and calculated their impacts using 3E Plus to model the heat loss 
impacts due to the measure installation. 

Based on the project files and discussion with the site contact, the evaluators determined the measures are add-ons with single baselines. 
Because the life of the installed measures is less than 2/3 of the life of the underlying steam distribution system (boilers) the measures have 
a single baseline. The baseline is bare, uninsulated pipe and fittings. 

The evaluators modelled energy savings using 3EPlus with inputs vetted during the on-site during the walkthrough for all interior 
applications, and Fourier’s equation for thermal conductivity to determine savings for all underground applications. The savings were less 
than the tracking estimates due to the difference in calculated heat loss, which is attributed to a methodology difference for the underground 
applications as the evaluator calculated conductive only heat losses. 

2019C0147N 
Site RR = 
32% 

The evaluated project was installed at a car wash that is conditioned by four hot water unit heaters and hot water is provided by two main 
266 MBH (input) boilers. The measure consisted of adding 1.5” thick fiberglass pipe insulation with all surface jacketing (ASJ) over 343 ft of 
existing heating hot water pipes. The pre-existing piping did not have any insulation. The applicant classified the measure as a retrofit with 
pre-existing conditions as its single baseline. The applicant calculated the measure impacts by modelling the pipes’ heat loss using 3E Plus. 

In response to COVID, this site shut down for 2.5 months in Spring 2020. The site reopened in June 2020 and began operating at its regular 
hours. The site is open 7 days per week from 7:00 am to 7:00 pm. The staff is present on-site and the site contact agreed to accommodate 
an on-site evaluation. The facility did not have any COVID related restrictions on site visits or on the car wash’s operation, so standard M&V 
was completed for this site. 

Based on the project files and discussion with the site contact, the evaluators determined this measure is an add-on with a single baseline 
because the installed measure life is less than 2/3 of the life of the underlying hot water distribution system (boilers). The evaluator 
calculated the measure impacts by modelling the pipe’s heat loss using 3E Plus and adjusting the analysis inputs to account for the length of 
pipe insulation installed in conditioned spaces versus non-conditioned spaces. 
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Site ID Site Summary 
The evaluated savings were 68% less than the tracked estimates because a significant portion of the applicant savings was from insulation 
installed within a conditioned space, where any reduction in heat loss through the pipes leads to an increase in heat provided by the unit 
heaters serving the same space. 

2019C0152N 
Site RR = 
100% 

This evaluated project consisted of installing insulation on 789 linear feet of uninsulated pipe and 27.8 ft2 of uninsulated surfaces located in 
the mechanical room at a recreational facility. The impacted areas are part of the natural gas fired heating hot water distribution system and 
of the natural gas fired domestic hot water system. The applicant classified the measure as a retrofit with preexisting conditions as baseline 
and calculated the measure impacts using 3E Plus. 

The evaluation method is Base + Add-on 1 (on-site verification only) because the site contact reported that the boilers ran less due to the 
COVID pandemic. 

Based on information provided in the project files and information provided by the site contact, the evaluator classified the measure as an 
add-on with a single baseline. The baseline is single because the life of the installed measure (15 years) is less than 2/3 of the life of the 
heating system (25 years). The evaluator agrees with the baseline defined by the applicant. To calculate the project savings, the evaluator 
used the same methodology as the applicant. Because the evaluated non-operational parameters are identical with the ones used by the 
applicant, the evaluated savings are the same as the tracking values. 

2019C0214N 
Site RR = 
89% 

The project was installed at a high school that serves boarding and day students and consisted of two measures: 

 M1 (app: CGCLCR00300797): The measure consisted of an upgrade of the existing auto-flame controls system on the three 
existing 1000 HP steam boilers with a newer/upgraded version of the same auto-flame controls system. To respond more 
effectively to the upgraded auto-flame control system, the facility also replaced their exhaust gas analyzer, stack probe, UV burner 
flame scanners, pressure detectors on the boiler operating pressure control headers, and servo motors. The energy savings from 
upgrading the burner controls for the steam plant comes from an increase to the boiler efficiency across the boilers’ load profile. 
The tracking savings for the measure are 16,820 therms. 

 M2 (app: CGCLCR00301102): The measure consisted of the installation of 1.5” fiberglass insulation and insulation blankets on 
pipes, valves, and fittings in three buildings at the facility. The measure saves energy because it reduces the heat loss from the 
insulated hot surfaces and natural gas consumption of the steam boilers. The tracking savings for the measure are 8,488 therms. 

The campus is comprised of 15 buildings and has a central utility plant equipped with three steam boilers that provide space heating 
throughout the heating season (September – April) to the whole campus. 

Although the site contact indicated that, regardless of the pandemic, students remained in the campus and the heating load did not change, 
he was not willing to accommodate a site visit due to the pandemic restrictions. In addition, the tracking savings are less than 3% of the total 
natural gas billing data of the facility, which makes the billing analysis an inappropriate method for this evaluation. Due to those factors, the 
site was evaluated using the Base (remote verification + updates on non-operational parameters only) method. 

The applicant classified both measures as a retrofit with the preexisting conditions as the baseline and calculated the project impacts using a 
spreadsheet-based analysis. Based on the discussions with facility and vendor staff and the review of the project files, the evaluator 
classified both measures as add-ons with the preexisting conditions as the single baseline. The measures have a single baseline because 
the life of the installed measures (15 years) is less than 2/3 of the life of the impacted boilers (25 years). The evaluators calculated the 
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Site ID Site Summary 
savings for M1 using the same methodology as the applicant and savings for M2 using 3EPlus. The project savings are smaller than the 
reported tracking data primarily because the evaluators calculated savings using a different, more accurate, methodology and different 
surface area values for the valves and fittings than the applicant’s. 

2019E0255S 
Site RR = 
167% 

The evaluated project consisted of replacing or repairing 52 preexisting steam traps that had failed and was installed at a K-12 school. The 
impacted steam traps are installed on common area and classroom radiators and are energized to meet space temperature setpoints 
controlled by local thermostats. The boiler plant serving the impacted steam traps is comprised of four 4,551-MBH gas boilers that supply 9 
psig steam. The boilers operate for approximately 16 hours a day throughout the heating season (October 1st to April 31st). 

The applicant classified the project as a retrofit with a single baseline and used a deemed savings value to calculate the measure savings. 
The measure eliminated steam losses from failed steam traps thereby saving natural gas energy. 

Since the facility’s steam production was impacted by the COVID-19 pandemic, the evaluators evaluated this site using Base + Add-on #1 
(on-site verification) evaluation method. Based on on-site findings and review of project documentation, the evaluators classified the project 
as retrofit with preexisting failed steam traps as the single baseline. 

The evaluators calculated the measure impacts using the revised Steam Trap Savings tool with input parameters from the deemed savings 
study referenced by the applicant and the steam trap survey included in the project documentation. The evaluated savings are higher than 
tracking estimates because of the difference in baseline failure rate. The evaluators calculation accounted for all 52 repaired traps, while the 
applicant included used the deemed savings calculation which includes an assumption that only 50% of the replaced steam traps had failed, 
effectively calculating tracking savings for only 26 (half of the) traps repaired. 

2019E0259N 
Site RR = 
167% 

The evaluated project was installed at a departmental research building on a university campus with offices, labs, and support spaces. The 
evaluated measure installed insulation on bare steam, condensate, and feedwater piping and associated fittings and on a condensate and 
feedwater tank in the unconditioned boiler room.  

The evaluation approach is Base + Add-on 3 (on-site M&V) because COVID did not impact the operation of the steam system and the site 
was able to accommodate a site visit. 

This applicant classified the measure as a retrofit with bare pipes as the single baseline and calculated its impacts using 3EPlus. Based on 
the information gathered during the site visit, the evaluator classified the measure as an add-on with single baseline. The measure has a 
single baseline because the measure life of the installed pipe insulation (15 years) is less than 2/3 of the life of the steam distribution system 
(25 years). The evaluator used the same baseline as the applicant and calculated the measure impacts using the same algorithm as the 
applicant. 

The primary reason for the increased savings is that the evaluator found that the system operates year-around (8760 hours) rather than only 
during the heating season (5100 hours) as was assumed in the tracking calculation. The evaluator also identified minor discrepancies in 
surface area, temperature, and boiler efficiency.  

2019E0288N 
Site RR = 
100% 

The evaluated measures were installed at two commercial facilities. Both buildings have five floors with offices, labs, and conference spaces 
occupied by various tenants. The evaluated measures are: 
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Site ID Site Summary 
• MA19P00003457: ECM-1 – Energy Recovery on Laboratory RTUs – consisted of installing an energy recovery coil on RTUs 1,2, 
and 3 that serve the laboratory areas at building #1. Energy savings are achieved because of utilizing the waste heat from exhaust air to 
preheat the supply air, which will reduce the heating supply load. 

• MA19P00003457: ECM-2 – High Efficiency Boilers – consisted of installing eight 91% efficient, 4,000 MBH output hot water boilers 
at building #1. Energy savings are achieved because of the higher efficiency of installed boilers. 

• MA19P00005700: ECM-1 – High Efficiency Boilers – consisted of installing four 95% efficient, 3,000 MBH output hot water boilers 
at building #2. Energy savings are achieved because of the higher efficiency of installed boilers. 

The evaluator had an initial interview with the site contact, the Executive Director of Facilities Services, and learned the contact was present 
on-site and that the facility does not have restrictions associated with the visit. Based on the information provided by the site contact, this site 
was impacted by the pandemic. Therefore, the evaluator proposed this site to be evaluated using Base + Add-on #1 – on-site verification 
method. 

The applicant classified the project as a new construction with an industry standard practice (ISP) baseline. The ISP used by the applicant 
was defined by ASHRAE 90.1‐2013. The applicant analyzed the project savings using eQUEST simulation software for all three measures. 
The applicant modelling files were included along with the output files. The evaluator reviewed the applicant’s eQUEST model input files and 
found the modelling methodology and inputs appropriate. The evaluators classified the project as a lost opportunity measure with an ISP 
baseline. The ISP used by the evaluator was defined by IECC 2015 since it has similar minimum requirement as AHRAE 90.1 2013. The 
evaluator ran the modelling files used by the applicant to calculate the tracking savings and achieved marginally larger results. 

2019E0293N 
Site RR = 
138% 

The evaluated project was installed at a high school and consisted of the installation of air sealing including buck frame sealing, caulking, 
door weather stripping, and roof-wall intersection sealing. Energy savings are generated from a reduction in uncontrolled air infiltration from 
air sealing. Reducing uncontrolled air infiltration reduces heating loads on the site’s hot water boilers and results in gas savings. The 
applicant classified the measure as a retrofit with the preexisting conditions as a single baseline. The applicant calculated the measure 
savings by calculating the heating load associated with the air infiltration rate which was developed using the ASHRAE basic model for 
infiltration. 

The Base + Add-on 3 evaluation method was used for this project because changes in facility occupancy due to the COVID 19 pandemic did 
not impact the heating system operation. The project savings were ~1.8% of the facility annual gas consumption and therefore a billing 
analysis was not conducted for this site because the measure impacts would be difficult to isolate in the gas consumption. 

The evaluator classified the measure as an add on because the air sealing improves the operation of the building envelope. The measure 
has a single baseline because the installed measure life is less than 2/3 of the measure life of the underlying building envelope. The 
evaluator agrees with the applicant’s baseline: the pre-existing conditions are the project baseline. 

The first-year savings are greater than the tracked savings because the evaluation found that the heating system operating hours and 
interior space temperature setpoint were both higher than had been assumed in the tracking analysis. The evaluator’s use of a bin model 
instead of a single equation also increased savings, while accounting for a higher boiler efficiency and excluding several exterior doors 
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decreased savings. On a net basis, the first year evaluated savings are greater than the tracked savings. The lifetime savings were less than 
the applicant’s because the evaluator reduced the measure life from 25 to 15 years based on the current MA TRM. 

2019E0296N 
Site RR = 
108% 

The evaluated retrofit project consisted of insulating steam heating system pipes and equipment at ten different buildings on a university 
campus, where six of these are laboratory buildings and four are athletic/ student services buildings. All the insulated piping is in 
unconditioned mechanical rooms. The evaluation determined the insulation measure to be a retrofit add-on with a single baseline. Heating is 
provided by a central campus steam plant. 

The Base evaluation method was used because this site was not having visitors due to COVID restrictions. The evaluation process included 
an interview of the site contact (virtual visit), a review of the applicant files and a review of project photos taken by the vendor to verify the 
installed insulation. The evaluation included only non-operational discrepancies and made an update to the applicant’s calculations due to an 
input error. The applicant used the nominal piping diameter instead of the outer piping diameter to calculate the surface area of the piping to 
be insulated. 

2019E0326N 
Site RR = 
97% 

The evaluated project was installed at a university and consisted of the installation of 229 sq.ft. of fiberglass insulation of various thicknesses 
on previously bare pipes and valves in the mechanical room of a university laboratory building in 2019. The steam system serves space 
heating, summer reheat, and hot water (produced via two steam-to-hot water heat exchangers). The insulated pipes and fixtures carry steam 
and condensate with temperatures ranging from 170°F to 338°F. The steam system is energized year-round without significant variation. The 
facility is part of a university campus with a central heating plan that provides steam to this building at 100 psig, the pressure is then reduced 
at the facility to 10 psig. The installed insulation reduces heat loss from the insulated surfaces, thereby reducing the natural gas 
consumption. 

The applicant classified the project as a retrofit with preexisting conditions as the baseline. This measure saves natural gas by reducing the 
heat losses from the hot surfaces to the unconditioned mechanical space. The applicant calculated the project impacts using a proprietary 
tool and the PA calculated impacts for the same project using an online heat loss calculator. The tracked savings value is the average of the 
savings outputs from the two approaches. 

The evaluators verified through discussions with the site contact that the facility’s steam production was not impacted by the pandemic and 
that site visits and data metering are possible. Hence, the evaluators conducted the evaluation using a Base + Add-on#3 (standard M&V) 
method. 

Based on the review of the project documentation and on-site findings, the evaluators classified the project as an add-on with preexisting 
condition as the single baseline.  

To calculate the project impacts, the evaluators used the 3EPlus modeling software to calculate the heat loss rates. The evaluated savings 
were slightly less than the tracking savings. 

2019E0328N 
Site RR = 
37% 

The evaluated project consisted of installing fitted insulation jackets on various fittings, valves, and other heating equipment and insulation 
on pipes. All segments of the steam distribution system impacted by the evaluated project are in an unconditioned mechanical room of a 
laboratory building part of a university campus. The applicant calculated the measure savings due to the reduction in heat loss between bare 
and insulation pipes and fittings. 
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The applicant classified the measure as a retrofit with a single baseline and calculated the project impacts using a combination of 
spreadsheet-based analysis and an online heat loss calculator. The evaluator interviewed the site contact to gather details on the pandemic 
impact on the heating plant at the site. The site contact indicated the heating plant operates normally and its operation during the metering 
period is typical. Based on the information gathered during the initial interview, the evaluator determined the site will be evaluated using the 
Base + Add-on 3 (standard evaluation – M&V). Based on the project files and discussion with the site contact, the evaluators determined this 
measure is an add-on with a single baseline as the installed measure life is less than 2/3 of the life of the underlying steam distribution 
system (boilers). The baseline is bare, uninsulated fittings and pipes. The evaluated savings were less than the tracking estimates mainly 
due to the difference between the applicant and evaluated pipe temperature values – the evaluator found that about 2/3 of the insulation was 
applied to approximately 140F condensate return lines rather than 260F steam lines. 

2019E0336S 
Site RR = 
100% 

The project consisted of replacing or repairing 13 preexisting steam traps that had failed in a building at a university campus. High pressure 
steam (100 psig) is produced at a central boiler plant and distributed via high pressure headers to the different buildings on campus. 
Typically, at each building, the high-pressure steam is converted to low/ medium pressure steam (10-50 psig). Steam is either distributed 
directly to the space heating equipment (such as air handlers), to steam-to-hot-water heat exchangers to produce hot water for space 
heating and domestic hot water (DHW), or supplied to other end-uses (autoclaves, kitchen, clothes-dryers). 

Space heating and DHW loads are a function of occupancy in each building. During the pandemic, the occupancy was significantly reduced, 
thereby impacting the operation of the steam distribution systems and, therefore, operation of the steam traps. Thus, the evaluators 
evaluated this site using Base + Add-on 1 - on site verification method and, in the savings calculations, the evaluators updated only non-
operational parameters. The applicant classified the project as a retrofit with a single baseline. The applicant baseline was the preexisting 
condition of the repaired/replaced steam traps. 

Based on the on-site findings and the review of the project documentation, the evaluator classified the project as a retrofit with the 
preexisting conditions as the single baseline. The evaluator calculated the project savings using the same methodology as the applicant’s. 
All non-operational input parameters matched the applicant value. Since operational parameters were not to be modified due to the 
pandemic, the evaluated savings are the same as the reported tracking value. 

2019E0342N 
Site RR = 
32% 

The evaluated project was installed at a biotechnology manufacturing facility and consisted of the replacement of 800-ft of exterior 
underground steam and condensate piping with deteriorated insulation, with 812-ft of above ground and 36-ft of underground steam and 
condensate piping with new insulation. Based on the information provided by the site contact, the insulation of the preexisting piping system 
was frequently damaged by the underground seepage water. To eliminate the need of the frequent replacement of the insulation, the facility 
replaced the preexisting underground piping system with newly installed above ground piping system and new insulation. The impacted 
piping segments are energized by steam produced by four natural gas-fired high-pressure steam boilers and condensate. The boilers 
generate 115-psi steam for process and operate year-round without significant variation to serve the facility’s process requirements. 

The applicant classified this project as a retrofit with preexisting condition as the baseline. This measure saves energy by reducing the 
losses associated with the facility’s steam distribution system. 

The evaluators verified through discussions with the site contact that the facility’s operation and production were not impacted by the 
pandemic and that site visits and metering were possible. Hence, the evaluators elected to evaluate this site as “Base + Add-on #3” which is 
equivalent to full M&V evaluation approach. 
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Based on the review of the project documentation and on-site findings, the evaluators classified the project as an add-on with preexisting 
condition as the single baseline. 

The applicant calculated the project impacts using a combination of spreadsheet-based analysis and 3EPlus modelling software. 3EPlus is 
designed to calculate heat loss in air and is not applicable to underground systems in which the insulated pipes are in direct contact with soil. 
To calculate the project impacts, the evaluators used a different methodology from the applicant’s to calculate the heat loss rates for the 
underground piping system and used 3EPlus to calculate the heat loss rates for the above ground piping system. The evaluated savings 
were much less than the tracking savings, primarily due to the applicant’s inaccurate savings calculation methodology for underground pipes 
which overestimated the heat loss rates for the underground steam and condensate piping. 

2019E0343C 
Site RR = 
118% 

The evaluated project was installed at a biotech manufacturing facility and impacted the facility’s steam distribution system. The project 
consisted of the following measures: 

• M1 (MA19P00003735): This energy savings measure included the installation of insulation and removable insulation jackets on 
bare pipes and fittings. The installed insulation reduces heat loss from the insulated surfaces, thereby reducing the load on the steam boiler 
system and the natural gas consumption.  

• M2 (MA19P00005845): This energy savings measure included the installation of new condensate return lines. Installation of 
condensate line enables the recovery of steam back to the boiler system, which would otherwise be drained to sewage, resulting in reduced 
boiler load and natural gas consumption.  

• M3 (MA19P00003724): This measure replaced or repaired eight preexisting steam traps that had failed. The measure eliminated 
the steam loss from the failed steam traps.  

The facility’s steam distribution system consisted of four boilers, which provide steam primarily for process heating. The boilers operate at 
115 psig for 8,760 hours per year. 

The applicant classified all three installed measures as retrofit with preexisting conditions as baseline. 

Since the facility’s production was not impacted by the COVID pandemic and since the evaluators were able to gather metered data from 
site, the evaluators evaluated this site using Base + Add-on #3 (standard M&V) evaluation method. Based on the on-site findings and the 
review of the project documentation, the evaluator classified: M1 as add-on with single baseline, M2 as add-on with dual baseline, and M3 as 
retrofit with the preexisting conditions as the single baseline. 

The applicant calculated gas impacts for M1 using 3E Plus modelling software. For M2 and M3, the evaluators calculated the measure 
impacts using a similar methodology as used by the applicant. The evaluated savings are higher than tracking estimates because the 
evaluator found that the condensate return temperature is higher than was used by the applicant. 

2019E0350N 
Site RR = 6% 

The measure consisted of the installation of two inches of polyisocyanurate insulation over approximately 680 feet of uninsulated outdoor hot 
water and chilled water pipes. This evaluation only covers the natural gas savings associated from insulating 170 feet of (5-inch diameter) 
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HW supply piping and 170 feet of HW return piping. The electric savings which resulted from insulating the chilled water pipes are not within 
the scope of this evaluation. 

The evaluated project was installed at a light industrial facility that uses a combined heat and power (CHP) plant as the primary source of hot 
water (HW), with boilers providing additional heat to the HW loop as needed. 

In response to COVID, this site is operating at a reduced capacity with fewer than 400 people on site (pre-COVID, regular occupancy was 
approximately 1,700 people). The reduction in occupancy affected the CHP plant’s operation. Prior to the pandemic, the CHP plant 
associated with this measure ran for 90% of the year and it typically handled the total overnight electrical load of the site. During COVID 
operation, the site has had a significant drop in electrical load, and the CHP plant is shut down at night. The site installed the insulation 
measure in mid-2019, so there is less than one year of billing data covering regular (non-COVID) operation. Due to the COVID related 
operational changes and limited billing data, the Base evaluation method was completed for this site. The Base evaluation method includes 
review of the applicant files, baseline assumptions, and methodology and virtual interview. It excludes any metering, collection of trend data, 
or operational updates due to the impact of COVID on this site’s typical operation.  

This applicant classified the measure as a retrofit with bare pipes as the single baseline and calculated its impacts using 3EPlus. According 
to the site contact, the HW pipes were previously insulated with fiberglass insulation, paper wrap, and a foil exterior. Sections of the 
insulation were damaged or missing and the site contact characterized the pre-existing case as “poorly insulated”. Based on the information 
provided by the site contact, the evaluator classified the measure as an add-on with single baseline. The measure has a single baseline 
because the measure life of the installed pipe insulation (15 years) is less than 2/3 of the life of the heating system (25 years). The evaluated 
baseline is the pre-existing conditions of the pipes.  

The evaluator determined the pre-existing condition is equivalent to approximately 0.5 inches of polyisocyanurate insulation. The evaluator 
calculated the measure impacts using the same algorithm as the applicant. The evaluated savings are 94% less than the tracked estimate 
because the evaluator updated the baseline to be “poorly insulated” rather than “uninsulated” pipes. 

2019E0351N 
Site RR = 
102% 

The evaluated project was installed at a light industrial facility and consisted of installation of a pulp molding machine with the following 
energy efficiency upgrades: an energy efficient dryer, a wet pressing mechanism, and a heat recovery system. The addition of energy 
efficiency upgrades improves the efficiency of the installed machine, reducing gas consumption. The installed machine operates for 8,164 
hours per year. 

The applicant classified the project as a new construction with an Industry Standard Practice (ISP) baseline. The applicant defined the ISP 
as the same machine without the energy efficiency upgrades. The applicant calculated measure savings by comparing the efficiency of the 
installed system (reported 0.085 therm/kg of finished product) with the efficiency of baseline system (0.159 therm/kg of finished product). 

Since the facility’s production was not impacted by the COVID-19 pandemic and since the evaluators were able to gather metered data from 
site, the evaluators evaluated this site using Base + Add-on #3 (Full M&V) evaluation method. Based on the discussion with the Baseline 
Advisory Group (BAG), the evaluators determined the measure to be a lost opportunity with a unique baseline. The baseline is a pulp 
molding machine without any energy efficiency upgrades. 
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The evaluators calculated the measure impacts using the same methodology used by the applicant. The evaluated savings are slightly 
higher than tracking estimates because the applicant reported annual operating hours and hourly production rate values of the installed 
equipment are lower than the values estimated by the evaluators. 

2019E0355N 
Site RR = 
69% 

The evaluated project was installed at a university campus and consisted of installing fitted insulation jackets and insulation on various pipes, 
fittings, valves, and other heating equipment. The project was installed on the campus-wide steam distribution tunnels and mains into 
mechanical rooms for all buildings, which are all unconditioned spaces. The applicant calculated the measure savings due to the reduction in 
heat loss between bare and insulation pipes and fittings. 

The applicant classified the measure as a retrofit with a single baseline and used 3EPlus to model the heat loss impacts due to the measure 
installation. The evaluator interviewed the site contact to gather details on the pandemic impact on the heating plant at the site. The site 
contact indicated the heating plant operates normally and its operation during the metering period is typical. Based on the information 
gathered during the initial interview, the evaluator determined the site will be evaluated using the Base + Add-on  3 (standard evaluation – 
M&V). Based on the project files and discussion with the site contact, the evaluators determined this measure is an add-on with a single 
baseline as the installed measure life is less than 2/3 of the life of the underlying steam distribution system (boilers). The baseline is bare, 
uninsulated pipe and fittings. The evaluator calculated the measure impacts using 3EPlus. The evaluated savings were less than the tracking 
estimates due to the difference in calculated heat loss, which is attributed to the difference in measured temperature based on metered data.  
That is, the evaluator found that a substantial fraction of the insulation was applied to condensate return pipes rather than steam pipes. 

2019L0375N 
Site RR = 
100% 

The evaluated project was installed at an elementary school and consisted of the installation a new energy management system (EMS) 
along with the following components: 

• New demand-controlled ventilation (DCV) sequence of operation on 2 air handling units (AHUs) serving the gymnasium area and 
24 unit ventilators serving the classroom areas, 

• New operating schedules for the general exhaust fans to reduce the infiltration rate at the facility during unoccupied hours. 

The facility’s heating system consists of one 2,500 MBH gas-fired boiler that provides only space heating. The heating season at the facility 
is from September through May. The measure saves energy because it reduced the ventilation and infiltration rate to the facility and thus, 
reduced the heating load to condition outside air not required in the facility. 

Based on the conversation with the implementation vendor, the occupancy at the facility was impacted by the pandemic and the EMS 
measure and the components installed along with the project can be verified remotely. Due to those factors, the site was evaluated using 
Base (remote verification + updates on non-operational parameters only) method. 

The applicant classified the installed measure as a retrofit with the preexisting conditions as the baseline and calculated the project impacts 
using a spreadsheet-based analysis. Based on the discussion with the implementation vendor and the review of the project files, the 
evaluator classified the measure as add-on with the preexisting conditions as the single baseline. The measure has a single baseline 
because the life of the installed measure (10 years) is less than 2/3 of the life of the impacted heating system (25 years). The evaluators 
calculated the project savings using the same methodology as the applicant. All non-operational input parameters matched the applicant 
value. The evaluated savings were the same as the reported tracking value. 
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2019N0405S 
Site RR = 
100% 

The project consisted of replacing or repairing 74 preexisting steam traps that have failed in a number of buildings at a university campus. 
High pressure steam (90 psig) is produced at a central boiler plant and distributed via high pressure headers to the different buildings on 
campus. Typically, at each building, the high-pressure steam is converted to low/ medium pressure steam (6-50 psig). Steam is either 
distributed directly to the space heating equipment (such as radiators) , to steam-to-hot-water heat exchanger to produce hot water for space 
heating and domestic hot water (DHW), or supplied to other end-uses (autoclaves, kitchen, clothes-dryers). 

Space heating and DHW loads are a function of occupancy in each building. During the pandemic, the occupancy was significantly reduced, 
thereby impacting the operation of the steam distribution systems and, therefore, operation of the steam traps. Thus, the evaluators 
evaluated this site using Base + Add-on#1 - on site verification method and, in the savings calculations, the evaluators updated only non-
operational parameters. The applicant classified the project as a retrofit with a single baseline. The applicant baseline was the preexisting 
condition of the repaired/replaced steam traps. 

Based on the on-site findings and the review of the project documentation, the evaluator classified the project as a retrofit with the 
preexisting conditions as the single baseline. The evaluator calculated the project savings using the same methodology as the applicant’s. 
All non-operational input parameters matched the applicant value. The evaluated savings were the same as the reported tracking value. 

2019N0417N 
Site RR = 
183% 

The evaluated project was installed at a high school facility and consisted of the installation of two 4,000 MBtuh gas-fired, condensing boilers 
that provide hot water for space heating and domestic hot water end uses. The measure savings were realized by operating the boilers on 
condensing mode at 94% efficiency compared to their baseline efficiency of 82%. The reported annual savings from this measure are 
7,944.26 therms. 

The site contact confirmed that the measure operations are currently severely affected by the pandemic. The evaluators observed the post-
installation operation period could be isolated, had a strong correlation with OAT, and was not impacted by the pandemic. Additionally, the 
site contact stated that the installed measure (boilers) were the only equipment on site to consume natural gas, and that there were no other 
gas-saving measures installed in the last five years. 

Based on information gathered from conversations with the site contact, and during the virtual site visit, the evaluators classified the measure 
as a lost opportunity with an ISP baseline. The evaluated ISP baseline is defined by IECC 2015 that requires 4,000 MBtuh gas-fired hot-
water boilers operating at a minimum efficiency 82%, whereas the applicant used a new construction baseline with 85% efficient boilers. The 
evaluators used a modified Base + Add-on #2 (Billing Analysis) approach wherein they used billing data in conjunction with the applicant’s 
savings methodology to calculate evaluated savings. 

The evaluators calculated the savings using a similar approach as the applicant, but with an updated net facility heating load value from 
billing data, an updated baseline efficiency for ISP-rated equipment from IECC 2015, and an updated efficiency for as-built equipment, based 
on AHRI certificate. The evaluators used the billing analysis to corroborate the evaluated savings. 

The evaluated savings were 83% higher than the tracking estimates mainly because the evaluated load supplied by the boilers was greater 
than the applicant’s load and the evaluator’s baseline efficiency lower than the applicant’s. 

2019N0429S 
Site RR = 
100% 

The evaluated project was installed at an elementary school and consisted of repairing or replacing 109 failed steam traps located on a 
steam distribution system. 5 psi steam is generated by a gas-fired steam boiler rated at 6,856 MBH with a rated efficiency of 81.5%. Steam 
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is used for space heating and for domestic hot water (DHW). The applicant classified the project as a retrofit with a single baseline. The 
applicant baseline was the pre-existing condition of the repaired/replaced steam traps. 

Due to the pandemic, the occupancy at the school has reduced significantly and the maintenance staff modified the space temperature 
setback schedule to respond to the change in occupancy (set back space temperature to unoccupied setpoint at noon instead of 3:00 p.m. – 
per normal operation). Due to the pandemic, the municipality prohibits public access to the school. Thus, the evaluators evaluated this site 
using Base - remote verification method and, in the savings calculations, the evaluators updated only non-operational parameters. 

Based on the on-site findings and the review of the project documentation, the evaluator classified the project as a retrofit with the pre-
existing conditions as the single baseline. The evaluator calculated the project savings using the same methodology as the applicants. All 
non-operational input parameters matched the applicant value. The evaluated savings were the same as the reported tracking value. 

2019N0448S 
Site RR = 
100% 

The evaluated project consisted of repairing or replacing 30 failed steam traps located on a steam distribution system that serves a 
government office building. Steam is generated by a gas-fired steam boiler for space heating and for domestic hot water (DHW). The 
applicant classified the project as a retrofit with a single baseline. The applicant baseline was the preexisting condition of the 
repaired/replaced steam traps. 

During the initial interview with the site contact, evaluators learned the pandemic caused the building occupancy and operating hours to 
reduce significantly since March 2020. The site contact indicated the current operation of the building is the same as prior to the pandemic. 
The space heating setpoints and HVAC operating schedules were initially reduced during the pandemic, but they have been set back to the 
setpoints as prior to the pandemic. The site contact was present on-site and agreed to accommodate an on-site evaluation. The facility did 
not have restrictions associated with the visit. Thus, the evaluators proposed the Base + Add-on 3 (standard M&V) method for evaluating the 
site. After reviewing the metered data and discussing the findings with the site contact, the evaluators determined the operation of the facility 
is still impacted by the pandemic and evaluated the site using the Base + Add-on 1 method and, in the savings calculations, the evaluators 
did not update any operational parameters associated with the measure. 

Based on the on-site findings and the review of the project documentation, the evaluator classified the project as a retrofit with the 
preexisting conditions as the single baseline. The evaluator calculated the project savings using the same methodology as the applicant’s. 
All non-operational input parameters matched the applicant value. The evaluated savings were the same as the reported tracking value. 

2019N0466N 
Site RR = 
83% 

The project was installed at a university and impacted the facility’s steam distribution system. The project consisted of the following 
measures: 

• M1 (10232475): This measure added insulation jackets on 792.58 ft2 of valves, steam traps, fittings, pumps, and water tanks which 
carry 100 psi saturated steam. The installed insulation reduces heat loss through the insulated surfaces, thereby reducing the load on the 
steam boiler system and the natural gas consumption. The impacted steam boilers operate for 8,424 hours per year and have a combustion 
efficiency of 80%. 

• M2 (10232469): This measure installed and buried prefabricated insulated piping assembly to replace the following preexisting 
buried pipes: 425 feet of 14-inch steam pipe, 425 feet of 4-inch condensate return pipe, 155 feet of 10-inch steam pipe, and 155 feet of 2.5-
inch condensate return pipe. The installed insulation reduces heat loss from the insulated surfaces, thereby reducing the load on the steam 
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boiler system and the natural gas consumption. The impacted steam boilers consisted of two 12,247 MBH and one 4,400 MBH boilers that 
operate at 80% combustion efficiency for 8,360 hours annually.  

• M3 (10393956): This measure installed insulation on 597 feet of linear pipe, along with additional insulation on elbow and tee 
fixtures. The pipes are energized with 100 psi steam and range in size between 0.5 and 6 inch. The impacted steam boilers operate for 
8,760 hours per year and have a combustion efficiency of 80%. 

• M4 (8858384): This measure added insulation on 153 feet of straight pipe (0.75 to 4-inch size), and on 41.19 ft2 of valves, strainers, 
steam traps, and tanks. The impacted steam boilers operate for 8,760 hours per year and have a combustion efficiency of 80%. 

• M5 (8508984): This measure installed four air handling units (AHUs) with high-efficiency energy recovery wheels and one AHU with 
demand control ventilation (DCV). In addition, the measure also installed supply air temperature reset control sequence on all proposed 
AHUs. The installed measure reduces heating ventilation and reheat loads, thereby reducing gas consumption. 

The applicant classified measures M1, M2, M3, and M4 as retrofits with preexisting conditions as baseline. The applicant classified measure 
M5 as a new construction using Massachusetts baseline document as a reference for the ISP baseline. 

Since the facility’s heating system operation was impacted by the COVID-19 pandemic, the evaluators evaluated this site using Base + Add-
on #1 (on-site verification) evaluation method. Based on the on-site findings and the review of the project documentation, the evaluators 
classified M1, M3, and M4 as add-ons with single baselines, M2 as retrofit with a dual baseline, and M5 as new construction with an ISP 
baseline. 

The evaluators calculated gas impacts for M1, M3, and M4 using 3E Plus modelling software. For M2, the evaluators calculated the measure 
impacts using engineering algorithm and, for M5, the evaluators calculated the measure impacts using the same methodology as used by 
the applicant. The evaluated savings are lower than tracking estimates because of the difference in savings methodology for M1 through M4. 

2019N0538N 
Site RR = 
46% 

The evaluated project consisted of the installation of insulating jackets on steam pipe fittings, valves, and heat exchangers that were 
previously uninsulated and was installed at 13 buildings of a college campus. Two 20.4 MBH gas-fired boilers provide 8.5 psi steam for 
space heating and service hot water. The underground piping system (from the boiler plant to the pressure regulating valves), is pressurized 
8760 hours per year. The applicant determined the measure savings by calculating the rate of heat loss for bare metal and insulated 
conditions from spot temperature readings and operating hours reported by the boiler plant operator using a spreadsheet analysis that 
includes proprietary information on the surface area of the various piping component types and sizes. 

During the initial interview with the site contact, the evaluators learned the steam system operation will be typical and the site does not have 
any COVID-19 related restrictions. Based on those details, the evaluators elected to evaluate the site using a Base+Add-on#3 (standard 
M&V) method. 

The evaluators determined the measure is as an add-on with a single baseline. The measure baseline is single because the life of the 
installed measure (15 years) is less than 2/3 of the life of the steam system (25 years). The baseline is the preexisting condition of bare pipe 
and fittings. The savings were less than the reported tracking value primarily because the applicant did not follow the American Society for 
Testing and Materials (ASTM) C680 standard to calculate the baseline and proposed heat loss rate. 
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2019N0635N 
Site RR = 
100% 

The evaluated project consisted of the installation of a reverse osmosis system (RO system) at a large food processing facility. The process 
consists of passing liquid fruit through a two-stage evaporation system to create concentrated fruit juice. The evaporation system uses steam 
generated by 83.3% efficient gas-fired boilers. 

The RO system “filters” out water from the product so that the process required concentration of juice fruit is achieved in lieu of the first stage 
- the evaporation. The second stage of evaporation then takes the product and reduces the water content further, creating a highly 
concentrated juice fruit that is sold to customers. The RO system only uses electricity for the pumps and thereby eliminates the natural gas 
consumption used by the first stage of the evaporation. The installed equipment operates for 8,760 hours per year. 

The applicant classified the project as a retrofit with a single baseline. The applicant defined the baseline as the pre-existing condition (the 
process that used the first stage of evaporation). The applicant calculated the measure savings by comparing the efficiency of the installed 
system (reported 0.085 therm/kg of finished product) with the efficiency of baseline system (0.159 therm/kg of finished product). 

The facility is currently not accepting visitors due to COVID-19 risks and could not provide metered data for the impacted production line. 
Because of those reasons, the evaluator conducted a virtual visit (as part of the Base evaluation method) through a video call to confirm 
installation of the measure. 

Based on information provided in the project files and discussion with the site contact, the evaluator determined the measure is an add-on 
with a single baseline. The baseline is single because the life of the installed measure (15 years) is less than 2/3 of the life (25 years) of the 
underlying system. The first baseline is the pre-existing condition (the process that used the first stage of evaporation. The evaluators 
calculated the measure impacts using the same methodology used by the applicant. The evaluated savings were the same as the reported 
tracking value. 

2019N0648N 
Site RR = 
100% 

The evaluated project consisted of installing 107 doors (a total of 214 linear feet) on previously open refrigerated cases at a large 
supermarket with a central racked refrigeration system and RTUs equipped with natural gas furnaces to supply space heating. Natural gas 
savings result from the reduced heat gain from the space into the refrigerated cases, thus reducing the space heating load. 

The site contact indicated that the site’s operating hours were not impacted by COVID-19; however, same as most of other supermarkets, 
the facility was operating at a reduced occupancy for the majority of 2020. In addition, the site contact did not allow metering equipment to be 
installed. Therefore, the evaluators selected the Base + Add-on #1 evaluation method (on-site verification with non-operational parameters 
adjustments only). 

The evaluators classified the project as an add-on with a single baseline because the measure life of the added doors is less than 2/3 of the 
measure life of the underlying refrigeration and HVAC systems. The evaluator agreed with the applicant baseline. The baseline was the 
preexisting conditions, consisting of 214 linear feet of open refrigerated cases without doors and space heating served by existing RTUs with 
gas-fired furnaces. 

The evaluators verified that all case doors included in the project scope were installed and functional as reported, and that the preexisting 
RTUs with gas-fired furnaces function as reported and are maintained in good condition. The evaluated project savings are equal to the 
applicant-reported values, as the evaluators did not make non-operational adjustments. 



 
 

DNV  –  www.dnv.com March 31, 2022 Page A-17 

 

Site ID Site Summary 
2019U0659N 
Site RR = 
100% 

The evaluated project consisted of the installation of a water de-aeration device for ice resurfacing and was implemented at a 1,000 seat 
multipurpose arena that is used as an ice rink for the majority of the year. Ice resurfacers (e.g. Zamboni units) shave the surface of the ice 
and release resurfacing water so a new even surface may be formed. This resurfacing water is typically heated (~140°F+), as the large 
temperature differential “pops” air bubbles when the hot water hits the cold ice. The evaluated vortex generator removes air bubbles without 
having to heat the water. The applicant calculated measure savings by decreasing the resurfacing water heating load at the natural gas 
water heaters through a custom spreadsheet analysis. 

During the initial interview, the site contact reported there were specific ice-rink related closures mandated by the state in 2020 and the 
operating hours at the ice rink have been significantly impacted by the closures. Due to the COVID related operational changes and limited 
billing data, the Base evaluation method was completed for this site. The Base evaluation approach consisted of a review of the applicant 
calculations and a site interview. 

The evaluator determined the measure to be an add on with a single baseline because the installed measure life (10 years) is less than 2/3 
of the underlying water heating equipment life (20 years). The technology of the evaluated equipment reduces the energy use of the 
underlying systems, which is the water heater and rink refrigeration system, but these systems remain in use. The baseline is the pre-
existing operation of the hot water heater to provide 140°F for resurfacing. The evaluated project savings are equal to the applicant-reported 
values, as the evaluators did not make non-operational adjustments. 
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APPENDIX B. SUMMARY OF REPLACED SITES 
This Appendix includes the list of sites selected for evaluation as part of MA20C13-G-CUSTGAS and replaced. The list of 

replaced sites is presented in Table B-1. 

Table B-1. MA20C13-G-CUSTGAS replaced sites 

Replaced Site ID Notes 
2019C0088N Dropped due to non-responsive customers (5+ calls) 
2019C0222N Dropped due to non-responsive customers (5+ calls) 
2019C0042S Dropped due to non-responsive customers (5+ calls) 
2019C0203N Dropped due to non-responsive customers (5+ calls) 
2019E0252N Dropped due to non-responsive customers (5+ calls) 
2019E0285N Drop due to customer refusing to participate 
2019E0371N Dropped due to non-responsive customers (5+ calls) 
2019E0316N Dropped due to non-responsive customers (5+ calls) 
2019L0378N Dropped due to non-responsive customers (5+ calls) 
2019N0385S Drop due to customer refusing to participate 
2019N0553S Drop due to customer refusing to participate 
2019N0649N Dropped due to non-responsive customers (5+ calls) 
2019N0558S Drop due to customer refusing to participate 
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APPENDIX C. BAG MEETINGS SUMMARY 
This Appendix presents the BAG scope and the topics covered during the monthly BAG calls. 

BAG functions and procedures 
The purpose of the BAG is to establish baselines with input from authoritative resources, subject matter experts, and PA 

staff in a transparent manner in compliance with the Baseline Framework. Ambiguous baselines undergo a Delphi-panel-like 

process with four tiers of review: 

 The site engineer establishes an initial baseline as described above. If there is an ambiguous element or a proposed 

change from the applicant ISP baseline, the project is nominated for review by the BAG. 

 In the weekly BAG call, the evaluation team senior engineers review nominated projects. The nominated projects are 

presented by the lead senior engineer in charge of each project and discussed at length. Frequently, the project 

engineer is tasked with follow-up research. A record of the projects, discussions, and final recommendations are 

documented. 

 In the monthly BAG call, the evaluation team, EEAC consultants, and PA staff members review the recommendations of 

the weekly BAG call. The format is similar the weekly BAG call with a project presentation followed by a discussion. 

 Draft and final site reports are the final point of review by the PA and selectively by the EEAC consultants. The baseline 

evidence is compiled and presented in the site report in a standardized format. 

Each review tier seeks to establish the following aspects of the measure based on the weight of the evidence: 

 The facts of the case. As a first step, the BAG examines the context and facts of the site, which may trigger a 

combination of further investigation, acquisition of additional documents, on-line research, interviews, and input from 

subject matter experts. These facts establish the preexisting and proposed measure conditions such as operation, O&M 

practices, state of repair, installation costs, site expansion plans, and/or the viability of the proposed equipment 

configuration. This information, taken as a whole, establishes whether the measure is a LO or a retrofit. 

 A retrofit measure is assigned the preexisting conditions as baseline, a LO measure is assigned an ISP baseline or a 

unique measure baseline (determined on a site-by-site basis). The BAG identifies other site conditions which have 

bearing on the baseline. 

 LO measures with non-unique baselines are assigned a baseline using the following resources in this order: 

- Existing MA ISP studies. Vetted Massachusetts ISP studies are the authoritative source for LO baselines. They are 

used when they are available.  

- Codes and standards. An existing code or standard is usually viewed as sufficient evidence of ISP to be selected 

as the baseline. However, a code or standards baseline can be rejected by the BAG based on the preponderance 

of evidence of an alternate practice. 

- Subject matter experts. If there are no MA studies or codes or standards that apply, the senior engineers within the 

impact evaluation team, the EEAC consultants, and the PA staff are asked to weigh in on their experience in the 

field with the measure. On-line research may yield additional data from other jurisdictions which are factored in. 

In the end, the BAG must reach a conclusion and assign a baseline to the measure in question. If the BAG disagrees with 

the applicant baseline, the baseline is revised. If the impact team and PA staff cannot come to an agreement, which they 

almost always do, the EEAC consultant makes the final decision. In theory, the BAG can request ISP research to determine 

a baseline. In practice, the impact evaluation timeline does not readily allow for initiating and completing ISP research. 

The BAG has been in operation for about two years and has a growing record of reasoning and decisions from past project 

reviews. The BAG references past projects and the Baseline Framework in making baseline decisions about a project under 
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review. The Baseline Repository will eventually record BAG decisions for new measures. The Repository update is intended 

to include ISP research which may be a more orderly pathway for queueing up ISP research. 

Monthly BAG calls notes 
Table C-1 in this Appendix presents an abbreviated summary of topics related to MA19C05-G-CUSTGAS discussed during 

BAG meetings that were held over the duration of the evaluation study. The BAG meetings were intended to mainly discuss 

measure-specific baseline questions and provide recommendations to the site engineers. The BAG participants were 

representatives from the firms that participated in the study and PA and EEAC representatives. 

Table C-1. MA20C13-G-CUSTGAS related monthly BAG meetings notes 

Date Project MA20C13-G-CUSTGAS topics discussed during the meeting 
08/27/2021 N/A Discussed the possibility of replacing TMY3 as a source for weather info for custom 

projects. PAs will decide if additional research is required. 
07/23/2021 N/A Discussed the discrepancy reporting for custom projects. Presented examples with 

different options. The BAG indicated project differences should be reported by first 
calculating non-operational and then operational discrepancies. 

06/25/2021 N/A Provided an update on the ex-ante baseline reviews activities. Presented the type of 
projects that evaluators reviewed and the protocol for coordinating with the baseline 
repository team. 

05/28/2021 2019E0350N 
(App:MA19P00003722) 

The site insulated outdoor hot water piping running between a CHP unit and the 
facility. The HW pipes were previously insulated with fiberglass insulation, paper 
wrap, and a foil exterior. Over time, this insulation was damaged by people (climbing 
onto the pipes to perform maintenance), by the sun, and due to piping repairs. The 
pre-existing insulation had tears and separations along sections of the pipe and over 
joints. There was >10°F drop in hot water temperature over the length of outdoor HW 
piping. (Post install, this temperature drop is between 3°F to 4°F.) 

Insulation was damaged for several years prior to replacement. Site was focused on 
improving the dependability of the CHP system and after they resolved the CHP 
issues they decided to replace the insulation due to the observed hot water 
temperature drop between the CHP unit and entering the building. 

The BAG approved the evaluator’s approach for determining the “poorly insulated” 
baseline. The evaluator baseline was calculated using the hot water temperature 
drops across the length of supply outdoor piping (10°F in the pre-existing case, 3°F in 
the post install case) provided by the site contact. 

05/28/2021 N/A Discussed results of MA20C14-G-INSUL study and proposed the methods to be used 
by evaluators: 

Horizontal pipe insulation – use 3EPlus and select Pipe Horizontal in the system 
application field to calculate results expressed in Btu/hr/ft 

Insulation jackets – use the current approach (use 3EPlus and select Tank Shell – 
Horizontal system application 

04/23/2021 2019C0056N (App: 
CGCLCR00300881) 

This project consisted of adding insulation on hot water piping at a school. In the pre-
retrofit case, the piping was insulated but the insulation was damaged, wet, and full of 
mold due to condensation. The site contact reports that the insulation was 
compromised at least since he started working at the site (3 years before the 
insulation was replaced). Claimed savings are approximately 30% of pre-existing 
consumption. 

The BAG approved the evaluator’s approach for determining the “poorly insulated” 
baseline. 
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Date Project MA20C13-G-CUSTGAS topics discussed during the meeting 
The evaluator determined that an applicable baseline for this measure would be 
equivalent to 0.5” of insulation. This was determined from a research paper found by 
the baseline advisory group that studied the impact of moisture accumulation on 
chilled water pipe insulation. This paper found heat loss increased by about 3 times 
when the insulation was wet, which corresponds to the difference in heat loss 
between a 0.5” insulation baseline and the proposed insulation at around 2”. 

03/26/2021 2019-E-0351N (App: 
NC180364) 

The project consisted of installation of an energy efficient pulp molding machine 
equipped with efficient dryer, wet pressing mechanism, and heat recovery (model 
SPM 2100). Unlike standard units, the incentivized SPM2100 wet presses products, 
which increases solid contents by 2% to 4%. Higher solid contents translate into 
reduced dryer energy consumption. Additionally, the installed unit uses more efficient 
dryers and repurposes waste heat. In terms of gas usage, the upgraded SPM2100 
consumes approximately 0.085 therms/kg of finished product. 

Applicant baseline: The applicant classified the measure as a new construction. The 
applicant baseline is a standard pulp machine that the facility had budget approved 
for. The baseline machine has an energy consumption rate of 0.16 therms/kg of 
finished product. 

Site notes: The participant uses standard SPM2100 units (without upgrades) at the 
site and at another facility in Canada. the applicant calculated project impacts by 
multiplying the difference in energy consumption per kg of product with the mass of 
product processed per hour (180 kg/hr) and the annual hours of operation (7,800 
hrs). During the preliminary phone call, the site contact mentioned the pulp machines 
operate 24/7 and have dedicated gas meters. Site will provide gas data for the line 
and its production. 

BAG recommendation:  

Measure event type: Based on information gathered from the site, the measure is a 

lost opportunity with a unique baseline. 

Baseline: standard SPM2100 as defined by the applicant 
03/26/2021 N/A Discussed the process for updating measure life values when evaluators do not have 

a reference current in MA. 
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APPENDIX D. DESK REVIEWS RESULTS 
This Appendix summarizes the results of the team’s desk reviews (DR) of projects included in the Impact Evaluation of 

Custom Gas Installations (MA20C13-G-CUSTGAS), an evaluation of the PY2019 Commercial and Industrial (C&I) Custom 

Gas Program. The team reviewed 42 measures installed at 29 sites included in the impact evaluation sample. The desk 

reviews focused on the correct measure event type classification, measure baseline definition, and the measure life. Table 

D-1 shows a summary of the results for PY2019. 

Table D-1. PY2019 - desk reviews results summary 

Description Tracking Desk Reviews 
Number of measures 42 42 
Lost opportunity measures, as a percentage of program first-year savings 9.9% 9.9% 
Early replacement measures, as a percentage of program first-year savings 90.1% 90.1% 
Change in first-year savings due to event type reclassification (from retrofit to lost 
opportunity only) 

N/A 0% 

Changes in first-year savings due to adjustments to baseline efficiencies N/A +0.18% 
Changes in program lifetime savings if dual baseline treatment was applied N/A -0.09% 
Changes in program lifetime savings due to differences in measure life N/A -4.90% 

N/A: Not applicable 

When compared to PY2018, the DRs for PY2019 resulted in the following: 

 There were no measure event type or baseline differences between the program and the evaluators (same as PY2018) 

 The baseline efficiency adjustments resulted in an increase of 0.18% in program first-year savings (PY2018 resulted in 

0% impacts) 

 The dual baseline adjustment had a negligible impact in the program lifetime savings (PY2018 resulted in a reduction of 

1.2%) 

 The measure life adjustment resulted in a reduction of 4.90% in the program lifetime savings (PY2018 resulted in an 

increase of 0.2%). 

More details about the DRs are presented in the Sections below. 

Background and scope 
The purpose of the DRs was to assess the impact of evaluation practices outlined in the Massachusetts Baseline 

Framework issued in April 2017. The baseline desk review evaluated the following practices: 

1. Measure event type classification. The appropriate reference baseline, either lost opportunity or retrofit, is established 

based on the preponderance of evidence supporting the selection. Reassignment from retrofit to lost opportunity usually 

results in lower savings, while the converse usually results in more savings. 

2. Industry standard practice (ISP). The baseline framework requires ISP baselines (except for unique measures) for 

lost opportunities (new construction or replace on failure measures). This practice may induce more frequent use of an 

ISP instead of a customer-specific baseline or the relevant codes and standards. As ISP can be more efficient than 

code, which can reduce savings. 

3. Dual baseline. Considering the effects of dual baseline calculations on lifetime savings of early retirement measures, 

rather than always using single baseline savings over the measure life, reduces lifetime savings. The dual baseline 

lifetime savings results are provided for information purposes to demonstrate the effect on lifetime savings they have. 

This information is designed to help the PAs understand coming impacts they will have starting with the evaluation of 

2019 program year projects. 
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The scope of the DRs was to conduct an in-depth review of measure event types and baselines for each measure installed 

at the sites included in the evaluation. The measures with complex baselines were scrutinized by the Baseline Advisory 

Group (BAG) to ensure that the measure events and the baselines were assessed in a consistent manner. This Appendix 

describes the DR methodology and presents the DR findings for the 42 measures the Team reviewed. 

Methods 
The team conducted DRs for measures installed at the sites selected for site M&V for gross impact evaluation. The DR 

phase includes results from 42 measures summarized in Table D-2. 

Table D-2. Desk review weighted program savings by PAs 

Program 
Administrator 

Sample 
Measures 

DR Measures 
Completed 

Annual Weighted Tracked 
Savings (therm) 

Berkshire 1 1 4,348 
Columbia Gas 10 10 1,027,661 
Eversource 17 17 1,908,592 
Liberty 1 1 71,944 
National Grid 12 12 7,799,954 
Unitil 1 1 30,492 
Statewide 42 42 10,842,990 

The team designed a DR data collection instrument to focus on measure-specific assessments of: 

 Measure event type classifications (five types): 1) retrofit – single baseline, 2) retrofit – dual baseline, 3) add-on – single 

baseline, 4) add-on – dual baseline, and 5) lost opportunity (includes replace on failure, end of life replacement, and 

new construction) 

 Applicant and evaluator measure life 

 Applicant baseline 

 Evaluator assessment of the baseline (for retrofit: pre-existing condition; for lost opportunity: ISP or unique) 

 Assessment of the impact of a baseline change on the measure savings 

Each of the sites included in the sample was assigned to an engineer for the DR. The engineer established the measure 

event type and baseline based upon a preponderance of evidence gathered from the project files (technical assessment 

study report, measure cost-benefit screening document, savings calculation files, and other supporting information provided 

with the application) and from an interview with the site contact. If the engineer concluded that the measure event and/or 

baseline as defined by the PA were not reasonable based on the information provided, the engineer revised them and 

quantified the impacts of the new baseline on the measure tracking savings. Revisions of measure event type and lost 

opportunity baselines were reviewed by the BAG. 

For each site, the engineer filled out the DR information (by measure) in a data collection template workbook. The entries 

from all DR workbooks were aggregated and analyzed to summarize measure event and baseline reclassification 

occurrences, explore potential trends, and quantify baseline reclassification impacts on the tracking savings. 

BAG review process 
The purpose of the BAG is to establish baselines with input from authoritative resources, subject matter experts, and PA 

staff in a transparent manner in compliance with the Baseline Framework. Ambiguous baselines undergo a Delphi-panel-like 

process with four tiers of review, although not all these steps were completed at the time of this DR memo: 

 The site engineer establishes an initial baseline as described above. If there is an ambiguous element or a proposed 

change from the applicant ISP baseline, the project is nominated for review by the BAG. 
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 In the weekly BAG call, the evaluation team senior engineers review nominated projects. The nominated projects are 

presented by the lead senior engineer in charge of each project and discussed at length. Frequently, the project 

engineer is tasked with follow-up research. A record of the projects, discussions, and final recommendations are 

documented. 

 In the monthly BAG call, the evaluation team, EEAC consultants, and PA staff members review the recommendations of 

the weekly BAG call. The format is similar the weekly BAG call with a project presentation followed by a discussion. 

 Draft and final site reports are the final point of review by the PA and selectively by the EEAC consultants. The baseline 

evidence is compiled and presented in the site report in a standardized format. 

Each review tier seeks to establish the following aspects of the measure based on the weight of the evidence: 

 The facts of the case. As a first step, the BAG examines the context and facts of the site, which may trigger a 

combination of further investigation, acquisition of additional documents, on-line research, interviews, and input from 

subject matter experts. These facts establish the preexisting and proposed measure conditions such as operation, O&M 

practices, state of repair, installation costs, site expansion plans, and/or the viability of the proposed equipment 

configuration. This information taken as a whole establishes whether the measure is a LO or a retrofit. 

 A retrofit measure is assigned the preexisting conditions as baseline, a LO measure is assigned an ISP baseline or a 

unique measure baseline (determined on a site-by-site basis). The BAG identifies other site conditions which have 

bearing on the baseline. 

 LO measures with non-unique baselines are assigned a baseline using the following resources in this order: 

- Existing MA ISP studies. Vetted Massachusetts ISP studies are the authoritative source for LO baselines. They are 

used when they are available. 

- Codes and standards. An existing code or standard is usually viewed as sufficient evidence of ISP to be selected 

as the baseline. However, a code or standards baseline can be rejected by the BAG based on the preponderance 

of evidence of an alternate practice. 

- Subject matter experts. If there are no MA studies or codes or standards that apply, the senior engineers within the 

impact evaluation team, the EEAC consultants, and the PA staff are asked to weigh in on their experience in the 

field with the measure. On-line research may yield additional data from other jurisdictions which are factored in. 

In the end, the BAG must reach a conclusion and assign a baseline to the measure in question. If the BAG disagrees with 

the applicant baseline, the baseline is revised. If the impact team and PA staff cannot come to an agreement, which they 

almost always do, the EEAC consultant makes the final decision. In theory, the BAG can request ISP research to determine 

a baseline. In practice, the impact evaluation timeline does not readily allow for initiating and completing ISP research. 

The BAG has been in operation for about two years and has a growing record of reasoning and decisions from past project 

reviews. The BAG references past projects and the Baseline Framework in making baseline decisions about a project under 

review. The Baseline Repository will eventually record BAG decisions for new measures. The Repository update is intended 

to include ISP research which may be a more orderly pathway for queueing up ISP research. 

Results 
This section presents the measures included in the DR task, the measure event type and measure baseline reclassification 

summary, and the impact of baseline changes in the program savings. The impacts of the measures are weighted using the 

site weights. 
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Summary of reviewed measures 
Table D-3 presents the measures reviewed as part of this task and the associated program savings. 

Table D-3. Weighted savings by measure category 

Measure Description 
Number of 
Measures Annual Weighted Tracked Savings (therm) 

Pipe insulation 21 5,947,160 
Reverse osmosis system 1 2,188,477 
Refrigerated case doors 1 721,275 
Boilers 3 580,030 
Steam traps repair and replacement 6 481,255 
Pulp machine 1 219,360 
ERV 1 218,922 
Boiler controls 2 185,020 
Add a condensate return loop 1 115,512 
New EMS 1 71,944 
HVAC equipment and controls 1 48,431 
Air sealing 1 30,766 
Water de-aeration device for ice resurfacing 1 30,492 
High efficiency dryers 1 4,348 
Overall 42 10,842,990 

Measure event type 
The first DR task was to assess the measure event type. The team selected a measure baseline event based on a 

preponderance of the evidence presented in the project file and the data gathered during the interview with the site contact. 

The evidence included the following types of information: 

 Preexisting system age as a fraction of the measure life defined by the TRM 

 Preexisting system operating condition and primary energy source (electric or natural gas) 

 Type of cost (full installation versus incremental cost) used by the PA to screen the measure 

 Full scope of work conducted at the site concurrent with the measure 

 The interview information regarding the installed measure, other concurrent projects at the facility, and other factors 

affecting the decision to install the measure 

The PAs classify measures into two event types: lost opportunity measures and retrofit measures. The evaluators used five 

measure event types: lost opportunities (which includes new construction, end of life replacement, and replace on failure), 

retrofit with a single baseline, retrofit with a dual baseline, add-on with a single baseline, and add-on with a dual baseline. 

The reviewer recorded both the PA and the evaluated measure event type in the DR workbook. 

The evaluation team agrees with the PAs and did not update the classification of lost opportunity measures. For one lost 

opportunity measure, the evaluators updated the ISP baseline. The team reclassified the measure event type from retrofit to 

add-on for 29 measures. Because both retrofit and add-on measures use the preexisting conditions as baseline, the 

measure event update did not result in changes of program savings. The program savings distribution by measure event 

category is shown in Table D-4. 

Table D-4 Program first year savings distribution by measure event type 

Measure Event Type 
Source 

Lost 
Opportunity 

Retrofit 
Single Baseline Dual Baseline Add-On Single Add-On Dual 

Tracking 9.9% 90.1% 
Desk review 9.9% 4.4% 0.0% 84.6% 1.1% 
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The evaluators changed the measure event type from retrofit to add-ons for 29 measures listed in Table D-5. The 

reclassification did not result in a change in the program first year savings. 

Table D-5. Measure event type reclassification – retrofit to add-on 

Site ID Measure ID Event Reclassification Measure(s) 
2019C0056N CGCLCR00300881 Retrofit to add-on Pipe insulation 
2019C0094N CGCLCR00301005 Retrofit to add-on Pipe insulation 
2019C0094N CGCLCR00300975 Retrofit to add-on Pipe insulation 
2019C0094N CGCLCR00301078 Retrofit to add-on Pipe insulation 
2019C0094N CGCLCR00300746 Retrofit to add-on Pipe insulation 
2019C0147N CGCSCR00303593 Retrofit to add-on Pipe insulation 
2019C0152N CGCSCR00303238 Retrofit to add-on Pipe insulation 
2019C0214N CGCLCR00301102 Retrofit to add-on Pipe insulation 
2019C0214N CGCLCR00300797-1 Retrofit to add-on Boiler burner controls 
2019C0214N CGCLCR00300797-2 Retrofit to add-on Boiler burner controls 
2019E0259N MA19P00004360 Retrofit to add-on Pipe insulation 
2019E0293N MA19P00004377 Retrofit to add-on Air sealing 
2019E0296N MA19P00006126 Retrofit to add-on Pipe insulation 
2019E0326N MA19P00005825 Retrofit to add-on Pipe insulation 
2019E0328N MA19P00003067 Retrofit to add-on Pipe insulation 
2019E0342N MA19P00003781 Retrofit to add-on Pipe insulation 
2019E0343C MA19P00005845 Retrofit to add-on Add a condensate return loop 
2019E0343C MA19P00003735 Retrofit to add-on Pipe insulation 
2019E0350N MA19P00003722 Retrofit to add-on Pipe insulation 
2019E0355N MA19P00004766 Retrofit to add-on Pipe insulation 
2019L0375N 688AD496050A436D91A

C5D6F16780F95 
Retrofit to add-on New EMS 

2019N0466N 10232475 Retrofit to add-on Pipe insulation 
2019N0466N 10232469 Retrofit to add-on Pipe insulation 
2019N0466N 10393956 Retrofit to add-on Pipe insulation 
2019N0466N 8858384 Retrofit to add-on Pipe insulation 
2019N0538N 10145328 Retrofit to add-on Pipe insulation 
2019N0635N 9140004 Retrofit to add-on Reverse osmosis system 
2019N0648N 10192035 Retrofit to add-on Refrigerated case doors 
2019U0659N 130653 Retrofit to add-on Water de-aeration device for ice resurfacing 

ISP and unique measures baseline 
Once the evaluator determined the measure event type, the evaluator selected the evaluated baseline for that measure. 

Measures classified as retrofit used pre-existing conditions as baseline. Measures classified as lost opportunity are assigned 

an ISP baseline, unless the reviewers determined the measures were unique. 

The Team determined that six LO measures required an ISP baseline and one required an unique baseline. For all but one 

LO measures, the evaluators agreed with the baseline used by the program. The team updated the ISP baseline for one LO 

measure with a non-unique baseline. LO measures, their baseline types, and their share in the program first year savings 

are summarized in Table D-6. 

Table D-6. Summary of lost opportunity measures 

Parameter First-Year Program Share 
Lost opportunity 9.9% 

Unique baseline 2.0% 

ISP baseline 7.9% 

ISP baseline efficiency value change impact on program savings +0.2% 
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The list of LO measures are shown in Table D-7. 

Table D-7. Lost opportunity measures 

Site ID Measure ID Baseline PA/DR Project description 
2019B0001N 2197 ISP/ISP High efficiency dryers 
2019E0288N MA19P00005700 ISP/ISP Boilers 
2019E0288N MA19P00003457-1 ISP/ISP ERV 
2019E0288N MA19P00003457-2 ISP/ISP Boilers 
2019E0351N MA19P00003653 Unique/Unique Pulp machine 
2019N0417N* 8666075 ISP/ISP Boilers 
2019N0466N 8508984 ISP/ISP HVAC equipment and controls 

(*) – applicant baseline used an ISP efficiency of 85% and the Team used an ISP efficiency of 82% (as specified in the MA 

Baseline Repository). 

Dual baseline for early replacement measures 
The third baseline framework practice requires dual baseline treatment of certain early replacement measures. 

While retrofit measures represent 90.1% of program first year savings, not all program lifetime savings are due to measures 

with a single baseline. The evaluators assigned a dual-baseline to one add-on measure. A summary of early replacement 

measures and their share of program savings is shown below in Table D-8. 

Table D-8. Summary of early replacement measures 

Parameter 
First-Year Program 

Savings Share 
Lifetime Program 

Savings Share 
Retrofit 4.4% 1.7% 

Single baseline 4.4% 1.7% 

Dual baseline 0.0% 0.0% 

Retrofit dual baseline change impact on program savings N/A 0.0% 

Add-on 85.7% 85.6% 

Single baseline 84.6% 84.4% 

Dual baseline 11.1% 1.2% 

Add-on dual baseline change impact on program savings N/A -0.1% 
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Measure-life changes impacts 
The evaluators used the Massachusetts Technical Resource Manual for Estimating Savings from Energy Efficiency 

Measures, 2019–2021 Plan Version (MA TRM), as the source for assigning measure lives to evaluated measures. 

The evaluators changed the measure life because the life assigned by the PAs did not match the MA TRM. The measures 

for which the evaluators changed the measure life are presented in Table D-9. 

Table D-9. Measures with changes in measure life – summary 

Site ID App ID Measure Description 
Tracking 

ML (years) 
Evaluated 
ML (years) 

2019C0056N CGCLCR00300881 Pipe insulation 18 15 
2019C0094N CGCLCR00301005 Pipe insulation 23 15 
2019C0094N CGCLCR00300975 Pipe insulation 25 15 
2019C0094N CGCLCR00301078 Pipe insulation 25 15 
2019C0094N CGCLCR00300746 Pipe insulation 25 15 
2019C0147N CGCSCR00303593 Pipe insulation 18 15 
2019C0152N CGCSCR00303238 Pipe insulation 18 15 
2019C0214N CGCLCR00301102 Pipe insulation 25 15 
2019C0214N CGCLCR00300797-1 Boiler burner controls 25 15 
2019C0214N CGCLCR00300797-2 Boiler burner controls 25 15 
2019E0293N MA19P00004377 Air sealing 25 15 
2019E0343C MA19P00005845 Add a condensate return loop 20 18 
2019N0648N 10192035 Refrigerated case doors 12 13 
2019U0659N 130653 Water de-aeration device for ice resurfacing 15 10 

The changes in measure life presented in Table D-9 above resulted in a 4.9% reduction in the PY2019 lifetime savings. 
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APPENDIX E. ADJUSTING GROSS REALIZATION RATE STANDARD 
ERRORS FOR IMPUTED OPERATION RR 

This appendix explains the process for calculating the current and three-year realization rates incorporating imputed 

operational adjustment for part of the third-year sample. 

Basic structure 
We have data from for three successive periods: 1, 2, and 3. In this evaluation the data comes from: 1) PY2017 (P89), 2) 

PY2018 (MA20C01-G-CUSTGAS), and 3) PY2019 (MA20C13-G-CUSTGAS). All sites included in the periods 1 and 2 were 

evaluated using the standard M&V method and had complete non-operational and operational adjustments included in the 

results. Sites included in period 3 had non-operational results for all 29 sites and operational results for only a subset of 12 

sites. 

Full-sample weights for period 3 are calculated in the usual way, as the ratio of population count to sample count within the 

stratum that contains a particular site, where the sample count is for all sites in the sample. 

Notation 
wj = full-sample weight for sample site j in the period-3 sample 

Sy = population tracked savings of period y 

ST = population tracked savings for all 3 periods combined 

= S1 + S2 + S3 

qy = period-y savings as a fraction of the 3-period total 

= Sy/ST 

fg3 = fraction of Period-3 savings represented by “good” sites, i.e., those with operational data 

= (full-sample-weighted savings of Period-3 sample sites with operational data)/(total full-sample weighted savings 

for Period 3) 

STg = total savings for population represented by sites with operational data, across all samples 

= S1 + S2 + fg3 S3 

RRoy = operational-only realization rate for the period-y sample 

RRNy = non-operational-only realization rate for the period-y sample 

RRog3 = operational-only realization rate for the population represented by good sites in the period-3 sample, those with 

operational data 

RRob3 = imputed operational-only realization rate for the population represented by bad sites in the period-3 sample, those 

without operational data 

SE(X) = standard error of estimate X 

RSE(X) = relative standard error of estimate X 

=SE(X)/X 
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Period 3 operational realization rate RRo3 
1. For the portion of the population represented by sampled sites with operational adjustments (“good” sites g), RRog3 is 

directly calculated from the sample, using the full sample weights wj. That is, RRog3 is the weighted sum of verified gross 

savings, divided by the weighted sum of tracked gross savings. 

2. For sampled sites without operational adjustment (“bad” sites b), RRob3 is imputed as 

 

RRob3 = (S1RRo1 + S2RRo2 + fg3 S3RRog3)/STg  

 

That is, all available sites with operational data are used to impute the RR for the uncovered portion of the period-3 

population, with the RR from different periods weighted by the savings it represented. 

3. Overall Operational Adjustment for Period 3 is calculated as 

 

RRo3 = fg3 RRog3 + (1-fg3)RRob3. 

 

That is, the operational adjustment for the directly represented portions of the population and the remainder are pooled 

in proportion to their shares of period-3 tracked savings. This formula can be expanded as  

 

RRo3 = fg3 RRog3 + (1-fg3) (S1RRo1 + S2RRo2 + fg3 S3RRog3)/STg 

= (1 + (1-fg3) S3/STg)fg3RRog3 + (1-fg3)(S1/STg)RRo1 + (1-fg3)(S2/STg)RRo2) 

= aog3 RRog3 + a1RRo1 + a2RRo2,  

 

Where 

 

aog3 = (1 + (1-fg3) S3/STg)fg3 

a1 = (1-fg3)(S1/STg) 

a2 = (1-fg3)(S2/STg) 

 

This expansion expresses the overall Period 3 operational realization rate as a weighted average of three independently 

estimated terms, the directly observed operational realization rate from each period. The factors multiplying the three 

realization rates have the property that 

 

aog3 + a1 + a2 = 1. 

 

4. Standard error of Period 3 realization rate: The standard error is calculated from the individual standard errors as  

 

SE(RRo3) = sqrt[aog3
2 SE2(RRog3) + a1

2
 SE2(RRo1) + a2

2
 SE2(RRo2)] 

 

This is true because the three RRs at step 3 are from independent samples. 

Period 3 pooled RR 
1. The non-operational realization rate RRN3 is calculated from the full sample using the full sample weights and the 

non-operational adjusted savings for the sample, via the usual formulas. 
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2. The Overall RR is the product of the operational and non-operational RR 

 

RR3 = RRo3  RRN3  

 

3. Standard error: First calculate the relative standard error 

a. RSE(RR3) = sqrt[RSE2(RRo3) + RSE2(RRN3)] 

 

This formula is approximately correct, assuming that even though RRo and RRN are from a common sample, they are 

essentially unrelated so can be treated as independent. 

 

The standard error is then calculated from the RSE. 

b. SE(RR3) = RR3 RSE(RR3) 

Three-year pooled RR 

Preferred calculation 
RR1-3 = (S1RR1 + S2RR2 + S3RR3)/ST 

         = q1RR1 + q2RR2 + q3RR3 

That is, the three-year RR is the savings-weighted average of the three separately estimated RRs.  

This calculation produces an overall realization rate for each period, then combines these across periods. This approach is 

the natural one, combining the historical overall results with the most recent, consistent with our general method for three-

year rolling realization rate calculation, and is therefore the preferred way to produce the three-year value. 

However, because the third term RR3 is determined in part from the operational portions of RR1 and RR2, the three are not 

independent estimates. Moreover, there’s no obvious way to express the calculation as the sum of independent estimates, 

as would be needed to produce the standard error. We therefore look at an alternative calculation for purposes of standard 

error calculation only.  

SE calculation 
We use the standard error of an alternative calculation as an approximate to the standard error of the preferred calculation. 

The alternative calculation would be to calculate separate operational and non-operational realization rates for the three-

year period and multiply them. We calculate this SE. We can check how different the results are, but the SEs or inflation of 

SE ought to be ballpark the same. 

Alternative RR calculation for SE calculation only 
1. 3-year operational realization rate 

RRo1-3 = q1RRo1 + q2RRo2 + q3RRo3 

2. 3-year non-operational realization rate 

RRN1-3 = q1RRN1 + q2RRN2 + q3RRN3 

3. Pooled 3-year realization rate 

RR1-3 = RRo1-3RRN1-3 
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Standard error calculations for the alternative RR calculation 

Non-operational three-period realization rate SE 

The non-operational three-period realization rate is the savings-weighted average of the separate period realization rates. 

Since these are all independent, we can use the formula for combinations of independent estimates to produce the standard 

error. 

SE(RRN1-3) = sqrt[q1
2

 SE2(RRN1) + q2
2

 SE2(RRN2) + q3
2
 SE2(RRN3)] 

Operational three-period realization rate SE 

The operational realization rate is also the savings-weighted average of the three periods’ operational realization rates, but 

these aren’t all independent. We rearrange the formula to express the operational realization rate as a combination of 

independent estimates. 

RRo1-3 = q1 RRo1 + q2 RRo2 + q3RRo3 

           = (q1 + a1  q3) RRo1 + (q2 + a2 q3) RRo2 + q3 aog3 RRog3  

where the factors ax are as defined above. With this expression of the three-period operational realization rate as a 

combination of independent estimates, is standard error is calculated as 

SE(RRo1-3) = sqrt[(q1 + a1  q3)2
 SE2(RRO1) + (q2 + a2 q3)2

 SE2(RRO2) + (q3 aog3)2
 SE2(RRO3)]. 

Relative standard error of overall three-period realization rate 

By the same argument as above, the relative standard errors of the two realization rate factors are pooled as if they were 

independent estimates. This is approximately correct, assuming that even though RRo and RRN are from a common sample, 

they are essentially unrelated so can be treated as independent. 

RSE(RR1-3) = sqrt[RSE2(RRo1-3) + RSE2(RRN1-3)] 

Standard error of the three-year realization rate 

SE(RR1-3) = RR3 RSE(RR1-3) 

Level of aggregation for applying the formulas 

Calculating Period 3 and three-period realization rates 
The formulas for calculating the Period 3 operational realization rate RRo3, the Period 3 overall realization rate RRo, and the 

preferred three-period overall realization rate RR1-3 are applied separately for each reporting category of realization rate. 

Typically, each reporting category includes sample points from multiple sampling cells. 

For reporting categories with no Period 3 sample that has operational data the same formulas are used, with Period 3 

contributing nothing to the three-period operational realization rate. For this study all of the reporting categories used had at 

least one sample point with operational data. 
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APPENDIX F. LIFETIME SAVINGS ADJUSTMENT FACTORS (LSAF) 
METHODOLOGY 

Evaluation lifetime savings findings should be captured in a lifetime savings adjustment factor (LSAF), which is applied to 

the tracking measure life in the BC Tool used to report PA evaluated savings in the Annual Report. The LSAF is intended to 

account for the following evaluation findings: 

1. Incorrect applicant effective useful life (EUL) measure life assumptions 

2. Reduced life from equipment removed after a year or more of operation 

3. Change in measure application type impacting measure life 

4. Change in measure application type impacting dual versus single baseline status 

5. Incorrect applicant outyear factor (OYF) assumption 

First-year saving realization rate. As a starting point, the annual savings realization rate is calculated as the weighted 

sample verified annual savings divided by the weighted sample tracked savings. 

𝑅𝑅%
∑𝑤 𝐹𝑌𝑆

∑𝑤 𝐹𝑌𝑆
 

where: 

𝑅𝑅%   = first-year savings realization rate 

𝑤    = site weight 

𝐹𝑌𝑆   = site evaluated first-year savings (kWh) 

𝐹𝑌𝑆   = site tracking first-year savings (kWh) 

Measure-level lifetime savings. For each evaluated measure, the evaluators calculated an evaluated lifetime savings 

using the following formula: 

𝐿𝑆 𝐹𝑌𝑆    𝑅𝑈𝐿  OYF  𝐸𝑈𝐿 𝑅𝑈𝐿   

where: 

𝐿𝑆   = evaluated lifetime savings (kWh) 

𝐹𝑌𝑆  = evaluated first year savings (kWh) 

𝐸𝑈𝐿  = evaluated measure life (years in decimal form) Reflects revisions to measure life due to 

alignments with eTRM measure lives or other adjustments or to account for equipment removal 

after one year. 

𝑅𝑈𝐿  = 1/3 of 𝐸𝑈𝐿  (years) 

OYF = 100% for single-baseline measures. This factor accounts for dual-baseline impacts. 

Evaluators used an OYF of 100% so that dual baseline impacts are not included in the LSAF values resulted from this study. 

We note that PAs are required to account for dual baseline beginning in PY2019, therefore items 4 and 5 above were not 

included in the calculation of the 𝐿𝑆  but will be in future evaluations. 
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Program lifetime savings realization rate (LSRR%). The LSRR is calculated in similar fashion to the annual savings RR. 

To calculate LSRR, the weighted evaluated lifetime savings is divided by the weighted tracked lifetime savings. The team 

calculated LSRR using the following formula: 

 

𝐿𝑆𝑅𝑅%
∑𝑤 𝐿𝑆

∑𝑤 𝐹𝑌𝑆 𝐸𝑈𝐿
 

where: 

𝐿𝑆𝑅𝑅%   = program lifetime savings realization rate 

𝑤    = site weight 

𝐿𝑆   = site evaluated lifetime savings (kWh) 

𝐹𝑌𝑆   = site tracking first-year savings (kWh) 

𝐸𝑈𝐿  = tracking measure life 

We note that PAs are required to account for dual baseline beginning in PY2019, therefore items 4 and 5 above were not 

included in the calculation of the LSRR. The LSRR is based on PY2016-PY2018 projects. 

Program LSAF. The LSAF accounts for differences noted in items 1 to 5 above and the different distribution of savings for 

both first-year and lifetime savings at sites included in the sample. To avoid double counting the impacts of both the FYS RR 

and the LS RR, we need to calculate both RRs. The LSAF can now be backed out by calculating the ratio of the lifetime 

savings RR over the first-year savings RR. 

𝐿𝑆𝐴𝐹
𝐿𝑆𝑅𝑅%
𝑅𝑅%

 

where: 

𝐿𝑆𝐴𝐹  = lifetime savings adjustment factor 

𝑅𝑅%   = program first-year savings realization rate 

𝐿𝑆𝑅𝑅%   = program lifetime savings realization rate 

The program-level LSAF can be used by PAs for reporting lifetime savings and will incrementally impact the lifetime savings 

after the annual savings realization rate (RR) is applied. To calculate lifetime adjusted gross savings (LAGI), PAs will use the 

following formula: 

𝐿𝐴𝐺𝐼 𝐴𝑛𝑛𝑢𝑎𝑙 𝐺𝑟𝑜𝑠𝑠 𝑆𝑎𝑣𝑖𝑛𝑔𝑠  𝐴𝑛𝑛𝑢𝑎𝑙 𝑅𝑅% 𝑀𝑒𝑎𝑠𝑢𝑟𝑒 𝑙𝑖𝑓𝑒 𝐿𝑆𝐴𝐹   

where: 

𝐿𝐴𝐺𝐼    = lifetime adjusted gross impact savings (kWh) 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑔𝑟𝑜𝑠𝑠 𝑠𝑎𝑣𝑖𝑛𝑔𝑠  = tracking annual gross savings (kWh) 

𝑀𝑒𝑎𝑠𝑢𝑟𝑒 𝑙𝑖𝑓𝑒  = tracking measure life (years) 2   

 

𝑅𝑅%    = program realization rate 

 
2 Which in the future will reflect dual baseline effects. 
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𝐿𝑆𝐴𝐹    = lifetime savings adjustment factor 

The BC Model requires as input PA gross annual tracking savings and tracking measure life and does not accept as input 

tracking lifetime savings. The tracking measure life reflects project level applicant effective useful measure life selections 

and in the future dual baseline effects. The BC Model specifies evaluation factors that are required to report evaluated 

savings. Due to the calculation methods employed by the BC Model, the LSAF will be applied to tracking measure life.  
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APPENDIX G. INDIVIDUAL EVALUATION SITE REPORTS 
This appendix will be included in the final program report. 
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Evaluation Engineer Darrell Marley 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at a hotel and consisted of the installation of two new 75 lb gas-fired commercial clothes 
dryers. The proposed dryers are equipped with enhanced moisture sensing controls which provide optimum drying 
temperature based on the moisture content of the laundry fabrics at each point in the drying cycle. The measure saves 
energy because the proposed system has a shorter average drying time per laundry load than the baseline system (which 
include a typical dry timer control), which resulted in smaller gas consumption per pound of removed moisture.  

Due to the pandemic, the facility operates with limited occupancy and has avoided all but essential visitation. Thus, the 
evaluators evaluated this site using Base - remote verification method and, in the savings calculations, the evaluators 
updated only non-operational parameters. 

The applicant classified the project as a new construction with an industry standard practice (ISP) baseline. The applicant 
baseline consisted of two dryers with manual time-based control (in which, the facility staff set the drying time manually). 

The evaluators determined the measure as a lost opportunity with an ISP baseline. The evaluated baseline is the same as 
the applicant baseline. The evaluators calculated the project savings using the same spreadsheet-based methodology as 
the applicant’s. All non-operational input parameters matched the applicant value. The evaluated savings were the same as 
the reported tracking value. The project realization rate (RR) is 100%. The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA 
Application 
ID Measure Name  

Savings 
(Therms/yr) 

Measure Life 
(years) 

Lifetime Savings 
(Therms) 

00002197 High efficiency dryers Tracked 2,174 15 32,610 

Evaluated 2,174 15 32,610 
Realization rate 100% N/A 100% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluators verified that the measure baseline and quantity of the installed dryers are the same as the applicant’s values. 
The evaluators did not update the operational input parameters which included the following:  

• Hotel occupancy rate 

• Laundry production rate 

• Average moisture content 

• Installed dryer efficiency 

The evaluated savings are the same as the applicant-reported savings. Further details regarding the tracked savings are 
presented in Section 3-1. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
The customer has not requested a copy of the site report. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the installation of two new gas-fired commercial dryers with enhanced moisture sensing controls 
serving an in-house hotel laundering facility. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
According the project documentation, the applicant classified the project as new construction with ISP baseline. The 
applicant baseline consisted of two gas-fired dryers with manual time-based control. Table 2-1 presents the main 
parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Laundry throughput 6.9 loads /day 
Water content 95.9 lbs/load 
Dryer efficiency 2,650 Btu/lb moisture removed 
Laundry operation 365 days/year 
Annual gas consumption 6,403 therms/year 

2.2.1 Applicant description of installed equipment and operation 
The applicant installed equipment consisted of two gas-fired dryers with enhanced moisture sensing control. The installed 
gas dryers are design to optimize the drying temperature and drying time throughout the drying cycle. All other operational 
parameters such as number of laundry load per day, water content per laundry load and number of operating days were 
considered the same as the baseline. Table 2-2 presents the main parameters of the applicant proposed condition.  

Table 2-2. Applicant baseline summary 
Operation Description Value 
Laundry throughput 6.9 loads /day 
Water content 95.9 lbs/load 
Dryer efficiency 1,750 Btu/lb moisture removed 
Laundry operation 365 days/year 
Gas usage 4,228 therms/year 

2.2.2 Applicant energy savings algorithm 
The applicant used a spreadsheet-based analysis to calculate the project impacts. The applicant’s algorithm used the 
following formula:  

𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖 =
𝐵𝐵 × 𝑂𝑂𝑂𝑂 × 𝐿𝐿𝐿𝐿 × 𝑅𝑅𝑅𝑅 × 365 ×  (𝑄𝑄𝑏𝑏 −  𝑄𝑄𝑖𝑖)

𝐶𝐶𝐶𝐶 × 100,000𝑏𝑏
 

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖  = annual energy savings (therms) 
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𝐵𝐵 = number of hotel beds 

𝑂𝑂𝑂𝑂 = occupancy rate (62%) 

𝐿𝐿𝐿𝐿 = pounds of linens per bed (14 lbs: industry average) 

𝐶𝐶𝐶𝐶 = washer capacity (117 lbs) 

𝑅𝑅𝑅𝑅 = retained moisture (82%) 

365  = operating days/year 

𝑄𝑄𝑏𝑏 = base case btu needed to remove 1 lb of water (2,650 btu/lb) 

Qe = efficient case btu needed to remove 1 lb water (1,750 btu/lb) 

100,000  = conversion factor (1 therm = 100,000 Btu) 

The applicant claimed that the baseline and proposed efficiency values (Btu/lb of removed moisture) were confirmed through 
metered data and past engineering studies conducted by a third-party engineering firm, the PA and the equipment vendor. 
Figure 2-1 shows a screenshot from the applicant savings calculations file. 

Figure 2-1. Applicant savings calculations 

ENERGY ANALYSIS High Efficiency 
Scenario 

Baseline 
Scenario Notes/References 

Product Description 

(2) Existing 100G 
Washers, with Unimac 

UTF75 Fast Dry 
UniLinc/Opti-Dry Dryers 

(2) Existing 
100G washers 
with (2) Unimac 

UT075QT Dryers 

  

Percentage of Total Laundry 
Served by Proposed Dryer 100% 100%   

Daily Pounds of Laundry 807 807   
Washer Capacity (lbs dry 
laundry) 90% loading factor 117 117   

Loads per day 6.9 6.9 Calculated (total # / # per load) 

Washer G-Force Created 100 100 No washers proposed. Assume baseline existing 
washers 100G force. 

Avg. % moisture retention 0.82 0.82 See source in E26. Moisture retention based on Cotton 
Flatgoods - 0.82 for 100g spin force, 0.54 for 400g force 

Post Spin Water Retention 
(lbs) 95.9 95.9 Dry weight x % RMC 

Dryer Efficiency (btu's 
needed to remove 1 lb 
water) 

1750 2650 

Based on proposed UTF75 dryers. It takes 
approximately 1,000 Btu's to heat 1 lb. of water to 
evaporation, depending on water quality and 
temperature starting point. In a commercial dryer it is 
also required to heat the dryer drum, air, and damp 
clothes. Dryer efficiency numbers have been confirmed 
through metered data and past third party engineering 
studies. 

Total Dryer therms per Load 1.68 2.54 btu/lb x lbs/load / NG heat content per therm 

Per day 11.6 17.5 Therms/load x loads/day 

Per year 4,228.1 6,402.6 Therms/day x operating days per year 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
Overall, the evaluators found the applicant savings methodology appropriate. The evaluator calculated the project impacts 
using the same methodology as the applicant’s. 



 
Page 5 of 9 
 

DNV  –  www.dnv.com July 13, 2021 Page 5 
 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the remote verification and the gathered data. Since the 
measure operation was affected by the pandemic, Base (remote verification) approach was adopted for the evaluation.   

2.3.1 Summary of virtual site visit findings 
The evaluators conducted an initial interview with the facility manager on March 12, 2021. During the interview, the 
evaluators confirmed the specific dryer model and approximate installation date. A summary of the virtual site visit 
verification is provided in Table 2-2. 

Table 2-2. Measure verification 
Measure Name Verification Method Verification Result 
High efficiency 
dryers 

Nameplate photos, time of installation, and 
verbal description of laundry operation 

Both evaluated dryers were operational.  

The site contact described the laundry operation as follows: 

• The dryers were installed in September of 2019. 
• The pre-pandemic occupancy rate of the hotel was 62%. 
• The pre-existing dryers were functional but inefficient. The decision to include the optional moisture sensing control 

system in the installed system was motivated by a desire to save energy and make more effective use of housekeeping 
personnel. 

• The hotel operates 365 days per year. 

During the verification interview the evaluators verified that the measure operations were impacted by the pandemic 
situation. In the spring of 2020 occupancy fell to approximately 20% of pre-pandemic level and rebounded to approximately 
35% early in 2021. A full return to pre-pandemic level is expected in 2022. Photos 2-1 and 2-2 show the installed dryers and 
nameplates. 

Photo 2-1. Installed Dryers 
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Photo 2-2. Dryer Nameplates 

 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator reviewed the project files and interviewed the site contact to gather information on the baseline and requested 
guidance from the baseline advisory group (BAG). The BAG reviewed the measure and, based on the information provided 
in the project files and by the site contact, determined this measure is a lost opportunity with an ISP baseline. The evaluated 
baseline consisted of two gas-fired dryers with the standard timer-based dryer control.  

Based on the project documentation, the applicant efficiency value of the baseline dryers was a value provided by the 
vendor who provided the installed system. The efficiency value was reviewed and accepted by the PA during the project 
implementation. The evaluators also compared the applicant baseline efficiency with the estimated efficiency value included 
in a Laundry Planning Handbook developed by a third-party vendor. The estimated efficiency value included in the Laundry 
Planning Handbook (2,500 Btu/lb moisture removed) is within reasonable agreement with the applicant baseline value 
(2,650 Btu/lb moisture removed). As a result, the evaluators determined the applicant’s selection of the efficiency value for 
the baseline system reasonable and used the same value as the evaluated baseline efficiency. Table 2-4 presents the 
evaluators’ baseline key input parameters.  

Table 2-4. Evaluators’ baseline summary 
Operation Description Value 
Laundry throughput 6.9 loads /day 
Water content 95.9 lbs/load 
Dryer efficiency 2,650 Btu/lb moisture removed 
Laundry operation 365 days/year 
Gas usage 6,403 therms/year 
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2.4.2 Evaluation calculation method 
The evaluators calculated the project impacts using the same methodology as the applicants. The evaluators verified that 
the measure baseline and quantity of the installed gas dryers are the same as the applicant’s values. The evaluators used 
the following formula to calculate the project savings: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖 =
𝐵𝐵 × 𝑂𝑂𝑂𝑂 × 𝐿𝐿𝐿𝐿 × 𝑅𝑅𝑅𝑅 × 365 ×  (𝑄𝑄𝑏𝑏 −  𝑄𝑄𝑖𝑖)

𝐶𝐶𝐶𝐶 × 100,000𝑏𝑏
 

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝑖𝑖  = annual energy savings (therms) 

𝐵𝐵 = number of hotel beds 

𝑂𝑂𝑂𝑂 = occupancy rate (62%) 

𝐿𝐿𝐿𝐿 = pounds of linens per bed (14 lbs: industry average) 

𝐶𝐶𝐶𝐶 = washer capacity (117 lbs) 

𝑅𝑅𝑅𝑅 = retained moisture (82%) 

365  = operating days/year 

𝑄𝑄𝑏𝑏 = base case btu needed to remove 1 lb of water (2,650 btu/lb)  

Qe = efficient case btu needed to remove 1 lb water (1,750 btu/lb)  

100,000  = conversion factor (1 therm = 100,000 Btu) 

The evaluators did not update the operational input parameters which included the following:  

• Hotel occupancy rate  

• Laundry production rate 

• Average moisture content 

• Installed dryer efficiency  

2.4.3 Cross-check with utility billing data 
Because the measure was classified as lost opportunity, the evaluators determined that billing analysis is not appropriate for 
this site. 
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3 FINAL RESULTS 
The project consisted of installing two commercial clothes dryers with enhanced moisture sensing controls. The applicant 
calculated the project savings using a spreadsheet-based analysis. The evaluators verified that the measure baseline and 
quantity of the installed system are the same as the applicant’s values. The evaluators did not update the operational input 
parameters. The evaluated savings for the project were the same as the reported values. The parameters impacting the 
analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Operation Applicant Evaluator 
Laundry throughput (loads/day) 6.9 6.9 
Water content (lbs/load) 95.9 95.9 
Operating days per year 365 365 
Baseline Applicant Evaluator 
Moisture removal efficiency (Btu/lb) 2,650  2,650 
As-Built Applicant Evaluator 
Moisture removal efficiency (Btu/lb) 1,750 1,750 
Savings 

  

Annual natural gas savings (therms) 2,174 2,174 
Natural gas realization rate 100% 

3.1 Explanation of differences 
The evaluators verified that the measure baseline and quantity of the installed dryers are the same as the applicant’s values. 
The evaluators also agreed with the applicant savings methodology. The evaluated savings are the same as the tracked 
savings.  

3.2 Lifetime savings 
The evaluators classified this measure as a lost opportunity. The evaluators calculated lifetime savings values using the 
following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (years) 

OYF = 100% for single-baseline measures/90% for dual-baseline measures. This 
factor accounts for dual-baseline impacts. 

The evaluated lifetime savings are equal to the tracking lifetime savings. The Massachusetts TRM does not include deemed 
lifetime for commercial gas dryers, however the equipment vendor stated that the clothes dryers they replace are typically 15 
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to 20 years old. As a result, the evaluators used the applicant’s measure life value as the evaluated measure life. Table 3-3 
provides a summary of key factors that influence the lifetime savings. 

Table 3-2. Measure 5891377 - Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 32,610 32,610 N/A 
First year savings (therms) 2,174 2,174 0% 
Measure lifetime (years) 15 15 0% 
Measure life reference BCR Interviews with industry actors N/A 
Measure event type New Construction Lost opportunity N/A 
Baseline classification ISP ISP N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts associated with this measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 

The evaluated retrofit project was installed at a private school with classrooms, offices, and support spaces. The measure 

replaced old and water damaged insulation with new insulation on hot water pipes and pumps. A majority of the piping is 

located in the corridor drop ceiling and the remaining piping and pumps are located in mechanical rooms. The mechanical 

rooms are unconditioned and the drop ceiling is classified as unconditioned space for this evaluation. Hot water is provided 

by three 400 MBH condensing boilers to fan coil units and unit ventilators. 

The evaluation approach is Base + Add-on#3 (on-site M&V) because COVID did not impact the operation of the hot water 

system and the site was able to accommodate a site visit. The school had shut down from April through July 2020 and was 

back to normal operation in August 2020. 

The applicant classified the measure as a retrofit with single baseline and calculated its impacts using 3E Plus. Based on the 

information gathered during the site visit, the evaluator classified the measure as an add-on with single baseline. The 

measure has a single baseline because the measure life of the installed pipe insulation (15 years) is less than 2/3 of the life 

of the hot water distribution system (25 years). 

The evaluator identified baseline, hot water and ambient temperature, run-time, and efficiency discrepancies, which resulted 

in a decrease in savings compared to the tracking estimate. The evaluation results are presented in table 1-1.  

Table 1-1. Evaluation results summary 

PA 
Application 
ID Measure Name  

Savings 
(Therms/yr) 

Measure Life 
(years) 

Lifetime Savings 
(Therms) 

2019C0056N Piping insulation Tracked 5,128 18 92,304 

Evaluated 1,485 15 22,275 

Realization rate 29% N/A 24% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 

The evaluated savings are 29% of the applicant-reported savings primarily because the applicant used a baseline that was 

determined to be inaccurate. In the pre-existing case, the HW pipes did have insulation, but it had become wet since its 

initial installation. The applicant used a baseline with no insulation rather than calculating a “poorly insulated” baseline. The 

reduced heat loss of the evaluator baseline compared to the applicant’s modelled baseline results in a decrease in savings.  

A discrepancy in operating temperature further decreased the savings. An increase in boiler operating hours and the 

consideration of the boiler efficiency offset some of the losses in savings. Further details regarding deviations from the 

tracked savings are presented in Section 3.1. 

1.2 Recommendations for program designers and implementers 

There are no recommendations at this time. 

1.3 Customer alert 

There is no relevant customer alert.  
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2 EVALUATED MEASURES 

The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 

applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the replacement of 1,260 ft of insulation on piping that was old and water damaged and on 2 ft² of 

pump surface area, shown below in Table 2-1. 

 
Table 2-1. Piping and tank dimensions 

Component Diameter (Inches) Length (ft) Area (ft²) 

Piping 

0.75 39 N/A 

1 28 N/A 

1.5 226 N/A 

2 116 N/A 

2.5 230 N/A 

3 100 N/A 

4 530 N/A 

Tanks/Fittings Pumps  2 

N/A = Not applicable 

2.1 Application information and applicant savings methodology 

This section describes the application information, savings methodology provided by the applicant, and the evaluation 

assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 

The applicant classified this measure as a retrofit with single baseline. The applicant described the baseline as hot water 

piping and pumps with no insulation. Table 2-2 presents the main parameters of the baseline as defined by the applicant.  

Table 2-2. Applicant baseline summary 

Operation Description Value 

Average operating hours 3,360 

Linear feet of bare piping 1,269 

Square feet of pumps 2 

Baseline heat loss (kBTU) 2,888 

Boiler efficiency 100% 

2.2.1 Applicant description of installed equipment and operation 

The applicant considered the installed case as the baseline heating system with added insulation. The insulation type and 

thickness varied by component.  

2.2.2 Applicant energy savings algorithm 

The applicant’s calculations used 3E Plus to find the base and proposed case heat flows. The system inputs included a hot 

water temperature of 160°F and an ambient temperature of 75°F. The nominal pipe size, insulation type, and insulation 

thickness varied with each section of piping. 
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From the base and insulated heat flows, a one-line calculation per section of piping or pump area was used to find the 

annual savings for each pipe or pump section, as seen in the equations below. Pipe heat loss used the “Pipe – Horizontal” 

3E Plus input, and the pump used the “Tank Shell – Horizontal” one. The total measure savings was then the sum of each 

calculated section. 

Savings �
Hours � Length � �HL���� � HL���������

100,000
 

where,  

 Savings  = measure impacts calculated by the applicant (therms/year) 

 Hours  = annual hours the impacted pipes and fixtures are energized. 3,360 hours/year is a direct input 

into the calculations and the basis for this value is not provided. 

 Length   = linear feet of each piping section 

 HL����  = 3E Plus heat loss in the base case – bare pipes/tanks (BTU/hr/ft ) 

HL�������� = 3E Plus heat loss in the proposed case – insulated pipes/tanks (BTU/hr/ft) 

100,000  = conversion factor (BTU to therm) 

2.2.3 Evaluation assessment of applicant methodology 

The evaluator mostly agrees with the basic methodology used by the applicant. However, the applicant did not account for 

boiler efficiency and incorrectly defined the baseline conditions. The applicant also did not account for the effect of outside 

temperature variations on the hot water and ambient temperatures.   

2.3 On-site inspection and metering 

This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 

The evaluators conducted a site visit on March 30, 2021. During the site visit, the evaluators interviewed the site contact and 

verified the insulation on the piping and pump. A summary of the on-site verification is provided in Table 2-3. 

Table 2-3. Measure verification 

Measure Name Verification Method Verification Result 

Piping and pump 
insulation 

On-site visual inspection Both insulation type and thickness match project 
description.  

2.3.2 Measured and logged data 

The evaluator measured the temperature of the hot water piping surface temperature underneath the insulation for both the 

return and supply piping. The supply temperature was measured for a full 6 weeks, and the return temperature was 

measured for 4 weeks due to logger capacity or battery life limitations. The ambient space temperature in the boiler room 

and the hallway was also recorded. The boiler combustion efficiency was unable to be measured. The metering parameters 

are shown in Table 2-4. 
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Table 2-4. Data logger deployment details 

Data Logger Type Parameter Time Interval Duration Quantity 

HOBO UX100-014M thermocouple Hot water supply temperature 5 minutes 6 weeks 1 

HOBO UX100-014M thermocouple Hot water return temperature 5 minutes 4 weeks 1 

HOBO U12 Temperature/RH with 2 
external channels 

Ambient boiler room temperature 5 minutes 6 weeks 1 

A spot temperature reading of the hot water return temperature was also taken at the time of the site visit using a FLIR 

thermal imagine camera in order to confirm the accuracy of the 6-week data. Table 2-5 summarizes the results of the 

metered data. Note that the boiler supply temperature, if only considered over the same period as the return temperature, 

has an average value of 134°F. 

Table 2-5. Metered data results 

Parameter Duration Average Value 

Hot water supply temperature Spot 120°F 

Hot water return temperature Spot 119°F 

Hot water supply temperature 6 weeks 130°F (133°F during the first 4 weeks) 

Hot water return temperature 4 weeks 133°F 

Ambient temperature (boiler room) 6 weeks 86°F 

Ambient temperature (hallway) 6 weeks 67°F 

Plots of the boiler return temperature and the ambient temperatures over time are shown Figure 2-1in and Figure 2-2 below.  

Figure 2-1. Hot water return temperature over time 

 

80

100

120

140

160

180

200

3/30 4/4 4/9 4/14 4/19 4/24 4/29

M
e

te
re

d
 r

e
tu

rn
 w

a
te

r 
te

m
p

e
ra

tu
re

 (
°F

)



 
Page 6 of 16 
 

DNV  –  www.dnv.com September 1, 2021 Page 6

 

Figure 2-2. Ambient temperature over time 

 

2.4 Evaluation methods and findings 

This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 

The evaluator reviewed the project files and interviewed the site contact to gather information on the baseline. The evaluator 

determined the insulation measure to be an add-on with a single baseline as the installed measure life is less than 2/3 of the 

life of the underlying hot water distribution system. The evaluator determined that the piping was not initially bare as 

described by the applicant, but instead had old and water-damaged insulation. The evaluator baseline of wet insulation is 

based on the following documentation and discussions.  

1. The applicant documents include photos of the pre-retrofit insulation, some of which are shown in Figure 2-3. 
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Figure 2-3. Baseline insulation 

 

2. The vendor’s proposal included “strip and re-insulate” in their scope of work. 

3. The site contact confirmed the pre-retrofit case of wet and moldy insulation during the site interview. 

4. The site contact shared additional photos of the pre-retrofit insulation as well as photos of the bare piping after the 

insulation had been removed showing remnants of the pre-retrofit insulation, which are shown in Figure 2-4. 

Figure 2-4. Pre-retrofit photos from site contact 
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The evaluator requested guidance from the baseline advisory group (BAG) on this measure. The BAG reviewed the 

measure, and based on the information provided by the site contact, the BAG approved the evaluator’s approach for 

determining the “poorly insulated” baseline. 

The evaluator determined that an applicable baseline for this measure would be equivalent to 0.5” of insulation. This was 

determined from a research paper found by the baseline advisory group that studied the impact of moisture accumulation on 

chilled water pipe insulation1. This paper found heat loss increased by about 3 times when the insulation was wet, which 

corresponds to the difference in heat loss between a 0.5” insulation baseline and the proposed insulation at around 2”. 

Table 2-6 shows the heat loss of a 0.75” pipe with bare, 0.5”, 1.0”, 1.5”, and 2.0” insulation. The heat loss decreases 73% 

from bare to 0.5”, but only 7% from 0.5” to 1.0”. This demonstrates that the savings are sensitive to going from a baseline of 

no insulation to some insulation, but not as sensitive to the thickness of the baseline insulation. 

Table 2-6. Ratio of heat loss vs insulation thickness 

Insulation Thickness 
(Inches) 

Heat Loss 

(kBTU) 

Ratio 

from Bare 

Bare 6,279 100% 

0.5 1,716 27% 

1.0 1,287 20% 

1.5 1,014 16% 

2.0 897 14% 

The bill data review as described in section 2.4.3 shows that calculated gas savings from a baseline equivalent of 0.5” of 

insulation is consistent with bill data savings.  

2.4.2 Evaluation calculation method 

The evaluator used an approach similar to the applicant. The evaluator used 3E Plus to find the heat loss for different pipe 

and pump sections in both the baseline and proposed case. The parameters of the 3E Plus runs are based on the metered 

data and information acquired on the site visit. 

Figure 2-5 shows that the hot water temperature varies with outside air temperature. The site’s controls contractor confirmed 

that hot water supply temperature setpoint is reset based on outside air temperature. Since the metered supply and return 

pipe temperatures were close as seen in Table 2-5, an average value of both was used for the process temperature. Figure 

2-5 shows the metered and modeled process temperature. The evaluator determined that the boiler temperature fluctuated 

between a maximum temperature of 170°F at 30°F outdoor air temperature (OAT) and 115°F at 60°F OAT. The hot water 

supply temperature is modeled as linear reset between the 30°F and 60°F OAT. 

 
1 Cai, S., Cremaschi, L. and Ghajar, A., 2021. Moisture Accumulation and Its Impact on the Thermal 

Performance of Pipe Insulation for Chilled Water Pipes in High Performance Buildings. Purdue University. 
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Figure 2-5. Hot water temperature vs outdoor air temperature 

 

The ambient temperature was shown in Figure 2-2 to fluctuate about 20°F between 60°F and 80°F because the space 

temperature setpoints are reset during unoccupied hours. The heating occupied and unoccupied space temperature 

setpoints are 70°F and 65°F respectively. The modeled ambient temperature was found as a weighted average between the 

boiler room and the hallway. Since the hallway was observed to have the majority of piping in it, a weight of 90% was used 

versus 10% for the boiler room. Figure 2-6 shows the ambient temperature plotted against the corresponding outdoor air 

temperatures.  

Figure 2-6. Ambient vs outdoor air temperature 

 

The line of best fit was then used to modulate the ambient temperature with minimum and maximum temperatures of 60°F 

and 80°F respectively.  
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The boilers were noted to be Lochinvar FTXL condensing boilers. The manufacturer’s efficiency curve was used to find the 

boiler efficiency at different hot water return temperatures. This curve is shown in Figure 2-7. 

Figure 2-7. Boiler efficiency vs hot water return temperature 

 

Due to the outside air temperature dependence of the 3E Plus parameters, a bin model using TMY3 weather data from 

Lawrence, MA was used to calculate the total annual heat loss. In each bin, a separate process temperature, ambient 

temperature, boiler efficiency, and bin hours was used. 3E Plus runs were then done at every bin. A summary of the 

modeled bin parameters at different outside air temperatures is shown below in Table 2-7, between 75 and 25°F. Operation 

beyond these temperatures is identical to the last presented bin. 

Table 2-7. Model parameters 

OAT Range (°F) 
Process 

Temperature (°F) 
Ambient 

Temperature (°F) 
Boiler Efficiency 

(%) 

70 75 115 80 93 

65 70 115 78 93 

60 65 115 76 93 

55 60 120 74 92 

50 55 129 71 91 

45 50 138 69 89 

40 45 147 67 88 

35 40 156 65 88 

30 35 165 63 88 

25 30 170 60 88 

The hours in each bin were found based on weather and utility billing data. The site contact stated that the boiler system is 

manually shut off in May, and is reenabled in either September or October depending on the year, which was confirmed with 

the monthly bill data. Figure 2-8 shows the billed therm consumption from December 2015 to May 2021.  
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Figure 2-8. Monthly therm usage 

 

An average amount of 5,457 annual hours was used that considers the boilers to shut off halfway through May and at the 

end of September. The bill data showed that the boilers were shut off mid-September in 2016, 2017, and 2018 and mid-

October in 2019 and 2020. The end of September represents an average shutoff time between mid-September and mid-

October.  

With these inputs for each bin temperature, 3E Plus was used to find the heat loss for each section of pipe or pump in each 

bin. 3E Plus calculated heat loss in BTU/hr/ft for ‘pipe-horizontal’ or BTU/hr/ft2 for pumps, which were modeled as ’tank shell-

horizontal’. Figure 2-9 shows example 3E Plus output screens of this calculation for the 0.75” diameter pipe. 
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Figure 2-9. Evaluator 3E Plus heat loss calculation 

  

 This 3E Plus heat loss values were converted to annual gas savings using the following equations: 

Pipe Savings �
Hours � Length � �HL)*+, -./, � HL-+0/01,2 -./,  �

Eff40.5,+  � 100,000
 

where, 

Pipe Savings = measure impacts calculated by the evaluator for piping sections (therms/year) 

Hours  = annual hours the impacted pipes and fixtures are energized (hours/year) 

Length  = length of impacted pipe sections (ft) 

HL)*+,  -./, = modelled heat loss in the baseline case – bare pipes/fixtures (Btu/hr/ft) 

HL-+0/01,2 -./, = modelled heat loss in the proposed case – insulated pipes/fixtures (Btu/ft � hr) 

100,000  = conversion factor (Btu to therm) 

Eff)0.5,+  = efficiency of boiler  

And, 

Pump Savings �
Hours � Surface Area � �HL)*+, 9*:; � <=-+0/01,2 9*:;�

100,000
 

where, 

Pump savings = measure impacts calculated by the evaluator for the pump insulation (therms/year) 

Surface Area = surface area of impacted pumps (ft²) 

HL)*+, 9*:; = modelled heat loss in the baseline case – bare pumps (Btu/ft² � hr) 
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HL-+0/01,2 9*:; = modelled heat loss in the proposed case – insulated pumps (Btu/ft² � hr) 

100,000  = conversion factor (Btu to therm) 

Eff)0.5,+  = efficiency of boiler 

Based on these calculations and the above equations, the evaluator found the measure to save 1,485 therms.  

2.4.3 Cross-check with utility billing data 

The evaluators used billed data to verify the baseline conditions, operating hours, and evaluated savings. The evaluators 

analyzed the natural gas consumption during the following periods: 

• September 11, 2018 to May 8, 2019 – baseline consumption.  

• May 8, 2019 to May 7, 2021 – post-installation consumption 

According to the site contact, the existing condensing boilers were installed prior to the 2018/2019 heating season, before 

the piping and pump insulation was installed in April 2019. Utility bill data going back as far as December 2015 was 

provided, but was unused due to the installation of the new boiler in September 2018. 

Figure 2-10 shows the total gas consumption at the site and the monthly heating degree days, which have 60°F as the base 

temperature, starting in September 2018. 

Figure 2-10. Pre- and post-installation monthly consumption and HDDs 

  

Figure 2-11 compares the monthly consumption pre-installation and post-installation to the monthly heating degree days. 
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Figure 2-11. Baseline and as-built correlation with degree days 

 

The weather normalized monthly billing analyses are presented below in Table 2-8.  

Table 2-8. Billing analysis results 

Month Days HDD-TMY3 
Weather Normalized -

Baseline 
Weather Normalized – As-

Built Savings (therm) 

1 31 26,969 3,089 3,149 -59 

2 28 19,009 2,194 2,122 72 

3 31 13,802 1,608 1,450 158 

4 30 9,619 1,138 911 227 

5 31 2,717 361 20 341 

6 30 609 124 0 124 

7 31 208 79 0 79 

8 31 0 55 0 55 

9 30 748 140 0 140 

10 31 7,081 852 583 269 

11 30 10,134 1,195 977 219 

12 31 20,759 2,391 2,348 43 

Total 365 111,653 13,226 11,559 1,667 

The weather-normalized post-project gas consumption of 11,559 therms/yr is lower than the weather-normalized pre-project 

consumption of 13,226 therms/yr, indicating that the project resulted in natural gas savings. The savings of 1,667 therms 

matches closely what was calculated by the evaluator, verifying the baseline and hours assumptions. 
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3 FINAL RESULTS 

The project consisted of replacing old and water-damaged insulation on hot water piping and pumps with new insulation at a 

private school. This included 1,269 ft of linear piping and 2 ft² of pump surface area. The evaluator calculated savings are 

less than the tracked values. Table 3-1 summarizes the key parameters used to calculate the energy savings for the 

measure. 

Table 3-1. Summary of key parameters 

Parameter Applicant Evaluator 

Baseline Bare Piping 0.5” of insulation 

Average operating hours 3,360 5,457 

Linear feet of piping (ft) 1,269 1,269 

Surface area of pumps 2 2 

Process temperature (°F) 160 Varies with OAT: 170-115°F 

Ambient temperature (°F) 75 Varies with OAT: 80-60°F 

Boiler efficiency  100% Varies with process temperature: 93-88% 

Savings 
  

Annual natural gas savings (therms) 5,128 1,485 

Natural gas realization rate 29% 

3.1 Explanation of differences 

The evaluated savings are less than the tracked savings primarily due to the baseline discrepancies. Table 3-2 provides a 

summary of the differences between tracking and evaluated values. 

Table 3-2. First-year savings - summary of deviations 

End-use Discrepancy Parameter 

Impact of 

Deviation Discussion of Deviations 

HVAC Baseline Baseline -445% Decreased Savings – The evaluators determined that 
the baseline should be 0.5” of insulation, as opposed 
to the bare piping and pump surface that was used by 
the applicant. 

HVAC Pre-project errors 
(inputs or 
calculations) 

Steam and 
ambient 

temperature 

-33% Decreased Savings – The evaluators found through 
analysis of metered data that the hot water 
temperature ranges from 170-115°F with a weighted 
average temperature of 149°F and the ambient 
temperature ranges from 80-60°F with a weighted 
average temperature of 67°F. The applicant used a 
process temperature of 160°F and an ambient of 75°F. 
The lower evaluator process temperature and delta-t 
leads to a reduction in savings. 

HVAC Pre-project errors 
(inputs or 
calculations) 

Operating 
hours 

339% Increased Savings – The evaluators determined that 
the hot water system is energized an average of 5,457 
annual hours, compared to the 3,360 hours used by 
the applicant 

HVAC Pre-project errors 
(inputs or 
calculations) 

Boiler 
efficiency 

69% Increased Savings – Analysis of boiler efficiency 
curves revealed a combustion efficiency of 88-93%, 
varying with the process temperature. The applicant 
did not take boiler efficiency into account. 
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3.2 Lifetime savings 

Because the steam boilers will outlive the installed measures, the evaluators classified this measure as an add-on with a 

dual baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

=?@A*5B*C,2 � DE?@A*5B*C,2  � � FG=@A*5B*C,2 H  OYF �  LMG=@A*5B*C,2 � FG=@A*5B*C,2N�  

where: 

=?@A*5B*C,2   = evaluated lifetime savings (therm) 

DE?@A*5B*C,2   = evaluated first year savings (therm) 

MG=@A*5B*C,2 = evaluated measure life (years in decimal form) - reflects revisions to measure 

life due to alignments with eTRM measure lives. 

FG=@A*5B*C,2   = 1/3 of MG=@A*5B*C,2 (years) 

OYF = 100% for single-baseline measures/ 90% for dual-baseline measures. This 

factor accounts for dual-baseline impacts. 

The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 

smaller than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-3. Measure 5891377 - Lifetime savings summary 

Parameter Tracking Evaluated Impact of Deviation 

Lifetime savings (therms) 92,304 22,275 N/A 

First year savings (therms) 5,128 1,485 -70% 

Measure lifetime (years) 18 15 -16% 

Measure life reference Tracking MA TRM N/A 

Measure event type Retrofit Retrofit N/A 

Baseline classification Single – pre-existing Single – pre-existing N/A 

Outyear factor (OYF) 100% 100% 0% 

Measure status (operates or removed) N/A Operational N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 

There were no ancillary impacts associated with the evaluated measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at a university campus and consisted of installing fitted insulation jackets and insulation 
on various pipes, fittings, valves, and other heating equipment. The project consists of four applications where insulation 
was installed within the main power plant, as well as three exterior locations for underground distribution lines. One of the 
underground applications was found to be tracked with 0 therm savings but was confirmed to be installed and submitted for 
incentive, so it was considered within the evaluation. The applicant calculated the measure savings due to the reduction in 
heat loss between bare and insulated pipes and fittings. 

The site contact mentioned the heating load for the equipment has not changed much due to the pandemic, though some 
heating end uses may be irregular given the change in occupancy on campus with the university hybrid approach to 
learning. In addition, due to difficulties with recruitment, the evaluation was not able to be conducted until April, which was 
too late to meter a heating-based measure. Therefore, the evaluation for this site was limited to a base scope with non-
operational adjustments. 

The applicant classified the measures as retrofit with a single baseline and calculated their impacts using 3E Plus to model 
the heat loss impacts due to the measure installation. 

Based on the project files and discussion with the site contact, the evaluators determined the measures are add-ons with 
single baselines. Because the life of the installed measures is less than 2/3 of the life of the underlying steam distribution 
system (boilers) the measures have single baseline. The baseline is bare, uninsulated pipe and fittings. 

The evaluators modelled energy savings using 3EPlus with inputs vetted during the on-site during the walkthrough for all 
interior applications, and Fourier’s equation for thermal conductivity to determine savings for all underground applications. 
The savings were less than the tracking estimates due to the difference in calculated heat loss, which is attributed to a 
methodology difference for the underground applications as the evaluator calculated conductive only heat losses. The 
evaluation results are presented in Table 1-1. 
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Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 
Measure 

Life (years) 
Lifetime Savings 

(Therms) 
CGCLCR00301005 Underground insulation Tracked 2,154 23 49,542 

Evaluated 150 15 2,250 
Realization rate 7% 65% 4% 

CGCLCR00301078 Underground insulation Tracked 6,145 25 153,625 

Evaluated 1,817 15 27,255 

Realization rate 30% 60% 18% 

CGCLCR00300975 Underground insulation Tracked 0 0 0 

Evaluated 3,174 15 47,610 

Realization rate N/A N/A N/A 

CGCLCR00300746 Pipe and fitting 
insulation 

Tracked 14,612 25 365,300 

Evaluated 14,376 15 215,640 

Realization rate 98% 60% 42% 

Totals  Tracked 22,911 24 568,467 
Evaluated 19,517 15 292,755 
Realization rate 85% 63% 52% 

1.1 Explanation of deviations from tracking 
The evaluated savings are 15% less than the applicant-reported savings primarily due to the difference in methodology 
when calculating conductive heat loss for underground insulated applications, as well as a tracking error where one of the 
completed underground applications was incorrectly marked as 0 therm savings in tracking. Further details regarding 
deviations from the tracked savings are presented in Section 3-4. 

1.2 Recommendations for program designers and implementers 
For underground insulation applications, it is recommended to consider conductive only heat losses as opposed to utilizing 
3EPlus which considers convective and radiation heat transfer as well. Heat transfer underground is solely driven by 
conduction alone. It is also recommended to consider the soil as an insulating body for underground applications.  

1.3 Customer alert 
There are no customer alerts for this project. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the installation of fitted insulation jackets and insulation for bare pipe, fittings, valves, and other 
heating equipment. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. Both applicant and evaluated approaches utilized 
3EPlus simulations using on-site findings and assumptions to determine bare and uninsulated heat loss values for all 
insulated applications. Project savings were primarily based upon the reduction in heat loss between bare and insulated 
applications. 

2.2 Applicant description of baseline 
The applicant classified the measure as a retrofit with a single baseline with pre-existing conditions as the baseline. 
According to the savings analysis files provided by the applicant, the baseline is bare, uninsulated pipe and fittings exposed 
to an indoor temperature of 80 °F for the power plant application. The underground distribution piping is exposed to an 
underground soil temperature estimated to be 50 °F for the winter and 60 °F for the summer. The baseline steam system 
consisted of the main steam generation plant operating year-round except for maintenance shutdowns with an assumed 
efficiency of 80%.  

2.2.1 Applicant description of installed equipment and operation 
A vendor conducted a scoping audit in which they identified uninsulated pipes and fittings that were allowing excess heat to 
escape to unconditioned mechanical spaces throughout the main boiler room and underground. The vendor took surface 
temperature readings of the uninsulated surfaces, collected surface areas, and determined hours of operation for each 
system. Per the application documents, the vendor identified approximately 345 ft.2 equivalent of the distribution system 
totalling all hot surfaces that needed insulation. This information was compiled into an inventory along with the cost data and 
heat loss rates calculated using the 3E Plus energy modelling software. Insulation thicknesses of 10mm, 1”, 1”+5mm, 1.5”, 
and 2” were used in the installed case for various parts.  

2.2.2 Applicant energy savings algorithm 
The applicant calculated savings using a custom analysis spreadsheet aided by the 3E Plus modelling software to establish 
bare and insulated surface heat loss rates. The insulation energy savings are calculated for each insulated application using 
the following formula: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 × (𝐻𝐻𝐻𝐻𝐻𝐻 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝐻𝐻𝐻𝐻𝐻𝐻𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖) × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆

100,000 × 𝐸𝐸𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝑓𝑓𝑖𝑖𝑏𝑏𝑏𝑏
 

where, 
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  = Annual energy savings per year (therms) 
𝑆𝑆𝑆𝑆𝐸𝐸𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆  = Surface area of insulated fitting (ft2) 
𝐻𝐻𝐻𝐻𝐻𝐻𝑏𝑏𝑏𝑏𝐻𝐻𝑏𝑏  = Heat loss rate of bare pipe (Btu/hr/ft2) calculated using 3E Plus 
𝐻𝐻𝐻𝐻𝐻𝐻𝑓𝑓𝑓𝑓𝑆𝑆𝐻𝐻𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 = Heat loss rate of insulated pipe (Btu/hr/ft2), calculated using 3E Plus 
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆  = Number of hours per year the pipe or fitting is energized 
100,000  = BTU to Therm conversion rate 
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𝐸𝐸𝐸𝐸𝐸𝐸𝑏𝑏𝐻𝐻𝑓𝑓𝑖𝑖𝑏𝑏𝐻𝐻 = Boiler efficiency (80%) 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The applicant used 3E Plus simulations based on site assumptions to determine heat loss values for bare and insulated 
fittings. The applicant 3E Plus values for bare and insulated heat loss were found to be calculated using non-default settings 
in the software. The default calculation type of “heat loss per hour” outputs proper heat loss units dependent upon the inputs 
given (BTU/hr/ft for lineal pipe and BTU/hr/ft2 for blanket applications). After performing some spot measurements, the 
evaluators were able to determine that the applicant used “heat flow limitation” for the calculation type (although this could 
not be confirmed as 3E Plus screenshots were not provided in the application data) for the indoor applications. This 
calculation type results in BTU/hr/ft.2 as the default unit regardless of the application type. 

The underground applications incorrectly calculate heat loss using 3E Plus. 3E Plus uses ASTM-C80 calculation 
methodology which was developed to calculate heat loss in air and therefore includes convective and radiation losses. The 
correct methodology would consider conductive heat losses only, use the properties of the soil to determine a proper 
thermal conductivity, and treat the soil as an insulating body. 

2.3 On-site inspection 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on April 6, 2021. During the site visit, the evaluators interviewed the facility custodian 
and verified the installed insulation for the indoor application. A summary of the on-site verification is provided in Table 2-1. 

Table 2-1. Measure verification 
Measure Name Verification Method Verification Result 
Insulation Visual audit Confirmed the indoor insulation applications were installed and found no 

physical damage. 

The indoor insulation application is located within the main power plant where the straight pipe and jacket insulation was 
installed for fittings around boilers 1-3, and 5. The plant has 5 boilers where Boiler 1 is the main high pressure (105 psi) 
plant boiler which maintains the campus load for the majority of the year. Boilers 2 and 3 are backups to Boiler 1. Boiler 3 
gets warmed every shift. If demand goes over 11,000 lbs per hour, then Boiler 3 comes on to trim, and Boiler 2 is then 
warmed. Boiler 2 comes on when load goes over 15,000 lbs per hour. Boiler 4 is not used. The plant runs high pressure 
(105 psig) from October to the end of May. At the beginning and end of the main heating season, the plant will run Boiler 3 
alone before completely transferring to Boiler 1 when temperatures drop. During the off season (mid-June to Oct), Boiler 5 is 
run as the low-pressure system (15 psi). The period of downtime between high and low pressure at the beginning of June is 
left for system maintenance. Efficiency tests are performed every year for the boilers at the peak of their respective season 
(winter for Boilers 1, 2, 3 and summer for Boiler 5). 
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Available combustion tests were pulled where maximum and minimum efficiencies are shown in Table 2-2 below. 

Table 2-2. Boiler tested combustion efficiencies 
Boiler Minimum efficiency Maximum efficiency 
1 80.1% 83.5% 

2 77.5% 82.5% 

3 76.7% 81.7% 

5 84.7% 85.8% 

All boilers are dual fuel oil/gas. Oil is only used for backup, the site contact mentioned 99.9% of the year is spent using gas. 
The majority of the campus is serviced by this main power plant. There are different end uses, and some new buildings have 
different heating systems. All insulated applications were bare pipe prior to the project. This included all the interior 
applications as well as the underground distribution piping.  

The site visit was spent interviewing the site contact, gathering boiler efficiency logs, auditing the installed insulation, and 
taking some spot temperature readings. Of the 51 interior applications, 28 were found and most of those were spot 
measured with a temp IR gun (others were inaccessible, but the tags could be seen). The site contact mentioned a 
secondary audit was performed by the contractor to capture and install insulation to any missed applications. The tags from 
the second audit were sometimes difficult to distinguish from what was done in the initial audit (this project). The 
characteristics of the insulation and pipe/fittings evaluators inspected were vetted for geometry, insulation thickness, etc. 
The evaluator also confirmed the underground applications via discussion with the site contact as they could not be visually 
audited. The site contact also provided photos of the process to show insulation being installed to the underground piping. 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator reviewed the project files and interviewed the site contact to gather information on the baseline. The evaluator 
determined the measure is an add on retrofit with a single baseline measure. The baseline is single because the pipe 
insulation measure life is 15 years and is less than 2/3 the heating equipment system measure life (25 years). The baseline 
consists of bare uninsulated pipes and fittings. 

2.4.2 Evaluation calculation method 
For the indoor application, the evaluator modelled energy savings using 3EPlus simulations to determine bare and insulated 
heat loss values for each unique application using the input parameters from the vendor scoping audit. These parameters 
included pipe size, operating temperature, ambient temperature, and insulation thickness. 

In 3EPlus the default calculation type of “heat loss per hour” was used for all applications. Under the system application drop 
down, “pipe – horizontal” was used for all straight pipe applications and “tank shell – horizontal” was used for fitting 
applications. For material selection, “850F Mineral Fiber PIPE, Type 1” was used for straight pipe applications and “850 MF 
BLANKET, Type IV” was used for fitting applications. 
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An example of a 3EPlus output is shown below in Figure 2-1 and Figure 2-2 for pipes and fittings respectively. 

Figure 2-1. 3EPlus example – pipe application 

 

Figure 2-2. 3EPlus example – fitting application 

 

The applicant surface area for other blanket applications was unchanged. 

The evaluated savings for the indoor insulation measure were calculated for each unique insulated application using the 
following formula: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑄𝑄𝑓𝑓𝑄𝑄 × �𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  𝐻𝐻𝐻𝐻 𝐻𝐻𝑝𝑝𝑓𝑓𝑝𝑝𝑏𝑏� × (𝐻𝐻𝐻𝐻𝐻𝐻 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝐻𝐻𝐻𝐻𝐻𝐻𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖) × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆

100,000 × 𝜂𝜂
 

where, 
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𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  = Annual energy savings per year (therms) 

𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓   = Surface area of fitting being insulated (ft2) 

𝐻𝐻𝑝𝑝𝑓𝑓𝑝𝑝𝑏𝑏  = Length of the pipe (ft) 

𝑂𝑂𝑂𝑂𝑝𝑝𝑓𝑓𝑝𝑝𝑏𝑏  = Outer diameter of the pipe (ft) 

𝐻𝐻𝐻𝐻𝐻𝐻𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = Heat loss rate of bare pipe (Btu/hr/lf for straight pipe; Btu/hr/ft2 for fittings, calculated using 
3EPlus 

𝐻𝐻𝐻𝐻𝐻𝐻𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 = Heat loss rate of insulated pipe (Btu/hr/lf for straight pipe Btu/hr/ft2 for fittings), calculated 
using 3EPlus 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆  = ‘Hot’ hours of operation 

100,000  = Btu per therm conversion 

𝜂𝜂  = Boiler efficiency, 80% 

Because 3E Plus follows the ASTM-C80 calculation methodology, which is meant for calculating heat loss in air, the 
evaluator adjusted the methodology for the underground applications to calculate heat loss in a more appropriate way. In 
this case, a more correct algorithm is to calculate heat loss only for conductive losses (not radiation and convection which 
ASTM-C80 covers as well). To calculate savings for the underground applications, the evaluator calculated heat loss rates 
for bare and insulated pipes using algorithms which are added to the formula above. This algorithm calculates the baseline 
heat loss considering the thermal conductivity of the pipe and the surrounding soil acting as an ineffective insulation, and 
considers the heat transfer between pipes assuming they are within a close distance to each other1. The installed condition 
is treated in a similar fashion, but the thermal conductivity of the insulation is also considered. The algorithms are as follows: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑄𝑄𝑓𝑓𝑄𝑄 × (𝐻𝐻𝐻𝐻𝐻𝐻 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝐻𝐻𝐻𝐻𝐻𝐻𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖) × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆

100,000 × 𝜂𝜂  

𝐻𝐻𝐻𝐻𝐻𝐻𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = 𝑄𝑄𝑏𝑏 × 𝐻𝐻𝑝𝑝𝑓𝑓𝑝𝑝𝑏𝑏 

𝑆𝑆𝑘𝑘𝑓𝑓 = �
(𝑏𝑏𝑘𝑘 − 𝑏𝑏𝑓𝑓)2 + (𝑖𝑖𝑘𝑘 − 𝑖𝑖𝑓𝑓)2

𝐻𝐻𝑘𝑘2
 

𝑆𝑆𝑘𝑘𝑓𝑓′ = �
(𝑏𝑏𝑘𝑘 − 𝑏𝑏𝑓𝑓)2 + (𝑖𝑖𝑘𝑘 + 𝑖𝑖𝑓𝑓)2

𝐻𝐻𝑘𝑘2
 

𝑃𝑃𝑘𝑘𝑓𝑓 = 𝑖𝑖𝑓𝑓(
𝑆𝑆𝑘𝑘𝑓𝑓′
𝑆𝑆𝑘𝑘𝑓𝑓

)2 

𝑃𝑃𝑘𝑘𝑘𝑘 = 𝑖𝑖𝑓𝑓(
2𝑖𝑖𝑘𝑘
𝐻𝐻𝑘𝑘

)2 

1
4𝜋𝜋𝑘𝑘𝑖𝑖𝑏𝑏𝑓𝑓𝑖𝑖

× �𝑃𝑃11 𝑃𝑃12
𝑃𝑃21 𝑃𝑃22

� × �𝑄𝑄1𝑄𝑄2
� = �

𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑏𝑏𝑝𝑝1 − 𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑏𝑏𝑎𝑎𝑏𝑏1
𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑏𝑏𝑝𝑝2 − 𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑏𝑏𝑎𝑎𝑏𝑏2

� 

𝐻𝐻𝐻𝐻𝐻𝐻𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 = 𝑐𝑐𝑘𝑘 × 𝐻𝐻𝑝𝑝𝑓𝑓𝑝𝑝𝑏𝑏 × �𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑏𝑏𝑝𝑝 − 𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑘𝑘� 

 
1 U.S. Department of Commerce, National Bureau of Standards, National Engineering Laboratory, Heat Transfer Analysis of Underground Heat and Chilled-Water 

Distribution Systems, November 1981. 
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𝑃𝑃′𝑘𝑘𝑓𝑓 =
𝑐𝑐𝑘𝑘 ∗ 𝑃𝑃𝑘𝑘𝑓𝑓
4𝜋𝜋𝑘𝑘𝑖𝑖𝑏𝑏𝑓𝑓𝑖𝑖

 

𝑃𝑃′𝑘𝑘𝑘𝑘 =
𝑐𝑐𝑘𝑘 ∗ 𝑃𝑃𝑘𝑘𝑘𝑘
4𝜋𝜋𝑘𝑘𝑖𝑖𝑏𝑏𝑓𝑓𝑖𝑖

+ 1 

𝐵𝐵𝑓𝑓 = 𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑏𝑏𝑎𝑎𝑏𝑏 + (
1

4𝜋𝜋𝑘𝑘𝑖𝑖𝑏𝑏𝑓𝑓𝑖𝑖
× 𝑐𝑐𝑘𝑘 × 𝑃𝑃𝑓𝑓𝑘𝑘 × 𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑏𝑏𝑝𝑝) 

�𝑃𝑃′11 𝑃𝑃′12
𝑃𝑃′21 𝑃𝑃′22

� × �𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑘𝑘1𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑘𝑘2
� = �𝐵𝐵1𝐵𝐵2

� 

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  = Annual energy savings per year (therms) 

𝐻𝐻𝑝𝑝𝑓𝑓𝑝𝑝𝑏𝑏  = Length of the pipe (ft) 

𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑏𝑏𝑝𝑝  = Operating temperature (°F) 

𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑏𝑏𝑎𝑎𝑏𝑏 = Ambient temperature (°F), soil 

𝑇𝑇𝑏𝑏𝑇𝑇𝑇𝑇𝑘𝑘  = Pipe average surface temperature (°F) 

𝑘𝑘𝑖𝑖𝑓𝑓𝑏𝑏𝑏𝑏𝑖𝑖   = Thermal conductivity steel (BTU/h*ft*°F) 

𝑐𝑐𝑘𝑘   = Pipe heat transfer coefficient (BTU/h*ft*°F) 

𝑘𝑘𝑖𝑖𝑏𝑏𝑓𝑓𝑖𝑖   = Thermal conductivity soil (BTU/h*ft*°F), 0.3 for dry soil 

𝑘𝑘𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑓𝑓𝑏𝑏𝑓𝑓 = Thermal conductivity insulation (BTU/h*ft*°F) 

𝑖𝑖  = Depth of the pipe buried measured from the ground surface to the centreline of the pipe (ft) 

𝑏𝑏𝑘𝑘  = lateral distance to the centreline of the pipe from the origin (ft) 

𝑖𝑖𝑘𝑘   = depth of the centreline of the pipe from the origin (ft) 

𝐻𝐻𝑘𝑘  = radius of the pipe (ft) 

𝐻𝐻𝐻𝐻𝐻𝐻𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = Heat loss rate of bare pipe (Btu/hr) 

𝐻𝐻𝐻𝐻𝐻𝐻𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 = Heat loss rate of insulated pipe (Btu/hr) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆  = ‘Hot’ hours of operation 

100,000  = Therms per Btu conversion 

𝜂𝜂  = Boiler efficiency, 80% 

The values of thermal conductivity used for steel and insulation are dependent upon the operating temperature. Values for 
steel were interpolated from ASME code B&PV section II. Values for insulation were interpolated from the 850 MF 
BLANKET, TYPE IV insulation input in 3EPlus. The average value for soil was assumed from a study by the U.S. 
Department of Commerce which developed a plot of thermal conductivity versus moisture content for properties of soil2. A 

 
2 https://www.govinfo.gov/content/pkg/GOVPUB-C13-8bce7c0cd230f7b43ab3836067612994/pdf/GOVPUB-C13-8bce7c0cd230f7b43ab3836067612994.pdf 
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general average was taken as the exact soil properties and moisture content at the site are unknown. The plot can be seen 
in Figure 2-3. 

Figure 2-3. Thermal conductivity plot of soil 

 

Values for thermal conductivity are shown explicitly below in Table 2-2. 

Table 2-3. Thermal conductivity 
Operating 
temperature (°F) 

Thermal conductivity steel 
(BTU/h*ft*°F) 

Thermal conductivity soil 
(BTU/h*ft*°F) 

Thermal conductivity 
insulation (BTU/h*ft*°F) 

271 32.706 0.3 0.3661 
248 33.028 0.3 0.3868 
175 33.95 0.3 0.2875 

2.4.3 Cross-check with utility billing data 
The evaluated annual savings are 19,517 therms and represent less than 3% of the total annual baseline natural gas 
consumption consecutively since 2016. Therefore, billing analysis was not performed as the savings for this measure are 
insignificant compared to billed consumption.  
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3 FINAL RESULTS 
The project was installed at a university and consisted of the installation of fitted insulation jackets and insulation for pipes, 
fittings, valves, and other heating equipment part of a large steam distribution system. The evaluators classified the 
measures as add-ons with pre-existing conditions as the single baseline. The measures were evaluated using the on-site 
verification methods. The evaluator did not update the operational parameters the applicant used in the savings calculations 
but did update bare and insulated heat loss for pipes and fittings impacted by the project. The updated method is discussed 
in Section 2.2.3 above. The parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters  
As-built Applicant Evaluator 
Ambient temperature (°F) (indoors) 80 80 
Operating Temperature (°F) (indoors) 180 - 338 180 - 338 
Annual operating hours (indoors) 8,760 8,760 
Boiler efficiency 80% 80% 
Total square foot components (ft2) (indoors) 345.45 381.22 
Ambient temperature (°F) (underground) Winter: 50, Summer: 60 Winter: 50, Summer: 60 
Operating Temperature (°F) (underground) 175 - 248 175 - 248 
Annual operating hours (underground) Winter: 5,040, Summer: 3,528 Winter: 5,040, Summer: 3,528 
Soil thermal conductivity (Btu/hr*ft*°F) N/A 0.3 
Steel thermal conductivity (Btu/hr*ft*°F) N/A 32.706 – 33.95 
Insulated thermal conductivity (Btu/hr*ft*°F) N/A 0.2875 – 0.3868 
Savings   
Annual natural gas savings (therms) 22,911 19,517 
Natural gas realization rate 85% 

3.1 Explanation of differences 
The evaluated savings are less than the tracked savings, due to the difference in methodology when calculating conductive 
only bare and insulated heat loss for underground applications. Table 3-2 provides a summary of the differences between 
tracking and evaluated values. 

Table 3-2. Summary of deviations 

End-use Discrepancy Parameter 
Impact of 
Deviation Discussion of Deviations 

HVAC Analysis 
methodology 

Heat loss -28% Decreased savings – due to the difference in methodology in 
calculated heat loss for underground applications. The applicant 
incorrectly used 3EPlus which uses ASTM-C80 calculation 
methodology. The evaluator calculated only conductive heat 
losses using Fourier’s equation and considered the soil as an 
insulating body. 

HVAC Admin Tracking 
error 

+14% Increased savings – due to a tracking error where one 
completed underground application was tracked with 0 therm 
savings.  

HVAC Analysis 
methodology 

Heat loss -1% Decreased savings ‒ due to the difference in calculated heat 
loss using 3EPlus for indoor applications. 
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3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as an add-on with a 
single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐻𝐻𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 = 𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖  × 𝐸𝐸𝐸𝐸𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖   

where: 

𝐻𝐻𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖   = evaluated first year savings (therm) 

𝐸𝐸𝐸𝐸𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated lifetime is smaller than 
the tracking lifetime. Table 3-3 to Table 3-6 provide a summary of key factors that influence the lifetime savings. 

Table 3-3. Measure CGCLCR00301005 - Lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 49,542 2,250 -96% 
First year savings (therms) 2,154 150 -93% 
Measure lifetime (years) 23 15 -35% 
Measure life reference Tracking MA TRM for insulation N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% N/A 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 
 
Table 3-4. Measure CGCLCR00301078 - Lifetime savings summary 

Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 153,625 27,255 -82% 
First year savings (therms) 6,145 1,817 -70% 
Measure lifetime (years) 25 15 -40% 
Measure life reference Tracking MA TRM for insulation N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% N/A 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 
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Table 3-5. Measure CGCLCR00300975 - Lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 0 47,610 N/A 
First year savings (therms) 0 3,174 N/A 
Measure lifetime (years) 0 15 N/A 
Measure life reference Tracking MA TRM for insulation N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% N/A 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 
 
Table 3-6. Measure CGCLCR00301005 - Lifetime savings summary 

Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 365,300 215,640 -41% 
First year savings (therms) 14,612 14,376 -2% 
Measure lifetime (years) 25 15 -40% 
Measure life reference Tracking MA TRM for insulation N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% N/A 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts associated with this measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at a car wash that is conditioned by four hot water unit heaters and hot water is provided 
by two main 266 MBH (input) boilers. The measure consisted of adding 1.5” thick fiberglass pipe insulation with all surface 
jacketing (ASJ) over 343 ft of existing heating hot water pipes. The pre-existing piping did not have any insulation. The 
applicant classified the measure as a retrofit with pre-existing conditions as its single baseline. The applicant calculated the 
measure impacts by modelling the pipes’ heat loss using 3E Plus. 

In response to COVID, this site shut down for 2.5 months in Spring 2020. The site reopened in June 2020 and began 
operating at its regular hours. The site is open 7 days per week from 7:00 am to 7:00 pm. The staff is present on-site and the 
site contact agreed to accommodate an on-site evaluation. The facility did not have any COVID related restrictions on site 
visits or on the car wash’s operation, so standard M&V was completed for this site. 

Based on the project files and discussion with the site contact, the evaluators determined this measure is an add-on with a 
single baseline because the installed measure life is less than 2/3 of the life of the underlying hot water distribution system 
(boilers). The evaluator calculated the measure impacts by modelling the pipe’s heat loss using 3E Plus and adjusting the 
analysis inputs to account for the length of pipe insulation installed in conditioned spaces versus non-conditioned spaces. 

The evaluated savings were less than the tracked estimates because a portion of the applicant savings was from insulation 
installed within a conditioned space, where any reduction in heat loss through the pipes leads to an increase in heat 
provided by the unit heaters serving the same space. The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 
Measure Life 

(years) 

Lifetime 
Savings 
(Therms) 

CGCSCR00303593 Pipe insulation Tracked 1,053 18 18,954 

Evaluated 334 15 5,010 
Realization rate 32% N/A 26% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The annual evaluated savings are 68% less than the applicant-reported savings primarily due the reduced length of useful 
insulation installed. The applicant included 83 ft of insulation on the HW pipes in the boiler room and 260 ft in the car wash 
tunnel. The boiler room is not conditioned so reducing heat loss through the existing uninsulated pipes would reduce wasted 
heat loss and the site’s natural gas consumption. The remaining 260 ft of piping runs along the length of the car wash 
tunnel, which is heated by unit heaters. Heat loss through the car wash tunnel pipes in the existing case would contribute to 
heating the space and would offset the space heating load on the unit heaters; therefore, any decrease in piping heat loss 
would be offset by an increase in load on the unit heaters. Insulating the HW pipes in the car wash tunnel would not reduce 
the natural gas consumption of the site. Per the evaluator’s findings, only 24% of the installed insulation was effective in 
reducing the site’s energy consumption.  

The evaluator also updated the process (HW supply and return) temperatures, heating system annual run hours, and boiler 
efficiency to reflect data collected on site. These updates resulted in a marginal increase in the savings. 

Further details regarding deviations from the tracked savings are presented in Section 3.2. 



 
Page 3 of 14 
 

DNV  –  www.dnv.com July 13, 2021 Page 3 
 

1.2 Recommendations for program designers and implementers 
The evaluator recommends including documentation on the location of the pipes being insulated and confirmation on 
whether insulating those pipes would result in a reduction in the site’s natural gas consumption. Program administrators 
should not claim seasonal heating savings for insulating hot water pipes in conditioned spaces located within the insulated 
building envelope. A conditioned space is defined as a space supplied with heating energy that has its temperature 
controlled by a thermostat. Specifying the location of the HW/steam piping, heating equipment, and any controls (i.e. 
thermostats) makes review easier, and noting whether a space is conditioned or unconditioned allows a PA to assure the 
measure will results in energy savings. 

The evaluator recommends explicit statement (or screenshot) of all inputs used in 3E Plus as well as the 3EPlus version 
number to calculate the base and proposed heat loss for pipe insulation measures. The applicant analysis lists the insulation 
type as “Micro Lok JM Fiberglass”, but this specific brand name of insulation is not listed as an insulation layer option in 
3E Plus v4.1. Providing all necessary inputs for 3E Plus and the calculated heat loss (see Figure 2-5 in Section 2 below for 
an example) ensures a reviewer can recreate the savings calculations and confirm that the insulation selected is reasonable. 

1.3 Customer alert 
There are no customer alerts. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the installation of 1.5” thick insulation on 343 ft of hot water pipes used for space heating. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

The applicant files include savings summary memo, savings calculations, and screening tool. 

2.2 Applicant description of baseline 
The applicant classified this measure as a retrofit with single baseline. The applicant baseline considers the pre-existing 
bare (no insulation) hot water (HW) pipes. The applicant analysis includes 260 linear feet of 1” HW pipes and 83 feet of 
1.25” HW pipes. Table 2-1 presents the main parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Pipe material Copper 
Insulation type None 
Insulation thickness 0” 
Jacket material None 
Hot water temperature 170°F 
Average ambient temperature 75°F 
Wind speed 0 mph 
Pipe size in car wash tunnel 1” 
Length of HW piping in car wash tunnel 260 ft 
Pipe size in boiler room 1.25” 
Length of HW piping in boiler room 83 ft 

2.2.1 Applicant description of installed equipment and operation 
The added insulation consists of 1.5” of Micro Lok JM Fiberglass insulation over 260 feet of 1” HW pipes and over 83 feet of 
1.25” HW pipes. Please note, the vendor memo lists the total pipe length as 269 ft, but the savings calculations are based 
on a total pipe length of 343 ft. Table 2-2 presents the main parameters of the proposed (installed) case as defined in the 
applicant analysis. 
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Table 2-2. Applicant proposed summary 
Operation Description Value 
Pipe material Copper 
Insulation type Micro Lok JM Fiberglass 
Insulation thickness 1.5” 
Jacket material All Service Jacket (ASJ) 
Hot water temperature 170°F 
Average ambient temperature 75°F 
Wind speed 0 mph 
Pipe size in car wash tunnel 1” 
Length of HW piping in car wash tunnel 260 ft 
Pipe size in boiler room 1.25” 
Length of HW piping in boiler room 83 ft 

2.2.2 Applicant energy savings algorithm 
The project documents include a spreadsheet calculation file labelled “Calculations.xlsx”. The applicant savings calculation 
uses 3E Plus to determine the heat loss (BTU/hr/ft) for the existing (no insulation) case and the proposed case. The 
parameters in Table 2-2 were used as inputs to 3E Plus twice, once for the 1” HW pipes and once for the 1.25” HW pipes. 
The applicant uses the following equation to calculate the measure savings: 

𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
(𝐵𝐵𝑠𝑠𝑒𝑒𝑒𝑒 𝐻𝐻𝑒𝑒𝑠𝑠𝐻𝐻 𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠 − 𝑃𝑃𝑒𝑒𝐿𝐿𝑃𝑃𝐿𝐿𝑠𝑠𝑒𝑒𝑃𝑃 𝐻𝐻𝑒𝑒𝑠𝑠𝐻𝐻 𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠) × 𝐿𝐿𝑠𝑠𝑠𝑠𝑒𝑒𝑠𝑠𝑒𝑒 𝐹𝐹𝑒𝑒𝑒𝑒𝐻𝐻 × 𝐴𝐴𝑠𝑠𝑠𝑠𝐴𝐴𝑠𝑠𝐴𝐴 𝐻𝐻𝐿𝐿𝐴𝐴𝑒𝑒𝑠𝑠

𝐵𝐵𝐿𝐿𝑠𝑠𝐴𝐴𝑒𝑒𝑒𝑒 𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝑠𝑠𝑒𝑒𝑠𝑠𝐸𝐸𝐸𝐸 ×
1 𝐻𝐻ℎ𝑒𝑒𝑒𝑒𝑒𝑒

100,000 𝐵𝐵𝑇𝑇𝐵𝐵 

where, 

𝐵𝐵𝑠𝑠𝑒𝑒𝑒𝑒 𝐻𝐻𝑒𝑒𝑠𝑠𝐻𝐻 𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠   - 3E Plus heat loss for bare pipe (67.02 Btu/hr/ft for 1”, 82.30 Btu/hr/ft for 1.25”) 

𝑃𝑃𝑒𝑒𝐿𝐿𝑃𝑃𝐿𝐿𝑠𝑠𝑒𝑒𝑃𝑃 𝐻𝐻𝑒𝑒𝑠𝑠𝐻𝐻 𝐿𝐿𝐿𝐿𝑠𝑠𝑠𝑠  - 3E Plus heat loss for insulated pipe (9.97 Btu/ft/hr for 1”, 11.04 Btu/ft/hr for 1.25”) 

𝐿𝐿𝑠𝑠𝑠𝑠𝑒𝑒𝑠𝑠𝑒𝑒 𝐹𝐹𝑒𝑒𝑒𝑒𝐻𝐻   - length of insulated pipe (260 ft in car wash tunnel, 83 ft in boiler room) 

𝐴𝐴𝑠𝑠𝑠𝑠𝐴𝐴𝑠𝑠𝐴𝐴 𝐻𝐻𝐿𝐿𝐴𝐴𝑒𝑒𝑠𝑠   - annual hours during which the pipes are energized (4,316 hours) 

𝐵𝐵𝐿𝐿𝑠𝑠𝐴𝐴𝑒𝑒𝑒𝑒 𝐸𝐸𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝑠𝑠𝑒𝑒𝑠𝑠𝐸𝐸𝐸𝐸   - boiler efficiency (85%) 

The applicant did not provide a reference for the total annual hours (4,316 hours) used in the analysis. Figure 2-1 shows 
images located in the applicant savings calculations. They are screenshots from 3E Plus for the heat loss (BTU/ft/hr) for the 
1” copper pipes (left) in the car wash tunnel and for the 1.25” copper pipes (right) in the boiler room.  

Figure 2-1. Applicant 3E Plus Heat Loss Calculations 

 
Additional details on the applicant algorithm can be found in the project files. 
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2.2.3 Evaluation assessment of applicant methodology 
The evaluator agrees with the applicant’s use of 3E Plus and a spreadsheet analysis to calculate the reduction in HW pipe 
heat loss and the measure savings, although it is unclear which insulation type the applicant entered in 3E Plus. The 
applicant analysis lists the insulation type as “Micro Lok JM Fiberglass”, but this type is not included as an insulation layer 
option in version 4.1 of the software. For the given applicant conditions (temperatures, sizes, etc.), the insulation type in 3E 
Plus with the closest calculated heat loss is “1200F MF Board, Type IVB, C612-14”. Its insulated heat loss differs by less 
than 2% from the applicant heat loss. Using this insulation type in the applicant savings calculation would change the 
savings by <0.1%. 

The evaluator used the same methodology and updated the 3E Plus inputs (temperatures, insulation type, etc.) and 
equation parameters (boiler efficiency, length, annual hours) to model the baseline and installed cases. The evaluator 
updated the model inputs based on long term metered data and spot checks performed during the site visit. 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluator conducted a site visit on March 16, 2021. During the visit, the evaluator verified that (aside from a temporary 
shutdown in March 2020 to May 2020) the measure and site operation were not impacted by the COVID-19 pandemic. The 
facility is open 7 days per week, from 7:00 am to 7:00 pm. During the site visit, the evaluators interviewed the facilities 
manager, installed temperature loggers, and completed a combustion test on the operating boiler. The major findings from 
the site visit, interview, and follow up conservations are summarized below. 

• Before the measure was installed, the existing copper hot water pipes had no insulation. 

• After an incident in September 2018 with the previous gas utility, utility workers came to inspect and replace the 
existing gas equipment at this site. A few months after the incident, the boilers were replaced and the utility PA 
began recommending energy conservation measures, including pipe insulation. 

• The site has two identical natural gas-fired boilers to serve the heating HW systems. The boilers are in good 
condition and both are operational. While on site, the evaluator completed a combustion test on 1 boiler. The 1st 
boiler was in use and had an efficiency of 83.3% Due to the low load, the 2nd boiler was not firing at the time of the 
site visit. The boilers run as-needed. There are no significant controls in place. 

• During the site visit, the evaluator measured a HW supply temperature of 172°F and a HW return temperature of 
153°F. The ambient temperature in the boiler room was 68°F. 

• The boilers serve HW pipes leading to four unit heaters. There is one heater located in the stock room and three 
located in the car wash tunnel (two at the entrance and one at the exit). The majority of the insulated HW piping 
(260 ft of 343 ft total) is located in the car wash tunnel. The HW pipes exit the boiler room and run along the top of 
an interior wall and the ceiling of the car wash tunnel. The installed insulation matches the proposed case (~1.5” 
thick insulation with all service jacket).  

• There is a thermostat at the entrance of the car wash with an observed setpoint of 60°F. An employee stated that 
the setpoint had not been changed (pre- or post- insulation of the pipes). The thermostat can be manually adjusted 
to another value, but it is left at 60°F. He also said the temperature is well controlled in the tunnel, and this site has 



 
Page 7 of 14 
 

DNV  –  www.dnv.com July 13, 2021 Page 7 
 

never had a problem with overheating. During warmer months the heaters can be manually switched off. In general, 
the heaters (and boilers) are shut down from mid-April to the start of November.  

• A fabric door was installed at the entrance of the car wash around February 2020. The automatic door opens and 
closes as cars enter. Previously, the entrance was always open. The exit is always open. This may affect the 
ambient temperature throughout the carwash pathway, where the majority of the pipe insulation was installed. 
Before the installation of the fabric door, the site did not have any problems with maintaining the temperature 
setpoint in the car wash tunnel. Installing the fabric door improved employee comfort at the start of the tunnel.   

A summary of the on-site verification is provided in Table 2-3 below. 

Table 2-3. Measure verification 
Measure Name Verification Method Verification Result 
Pipe Insulation Site observation by the evaluator The estimated linear feet and thickness of insulated HW piping is 

consistent with the values included in the applicant analysis. 

2.3.2 Measured and logged data 
Table 2-4 presents the results of the boiler combustion test conducted by the evaluator on March 16, 2021. The evaluator 
used a Testo combustion analyser. 

Table 2-4. Boiler combustion test results 

Boiler ID Stack Temperature (°F) Excess O2 Combustion Efficiency 
Boiler 1 363.6 5.2% 83.3% 

The evaluators also deployed data loggers to record ambient and pipe surface temperatures during operation from 
March 16, 2021 through April 30, 2021. Table 2-5 presents the logger deployment details. In some cases, the logger’s 
battery life limited the duration of the recorded data. 

Table 2-5. Data logger deployment details 
Data Logger Type Parameter Time Interval Duration Quantity 
HOBO logger with thermocouple HW supply temperature 5-minute 3 weeks 1 
HOBO logger with thermocouple HW return temperature 5-minute 5 weeks 1 
HOBO logger Car wash tunnel (entrance, mid, exit) 

temperature 
5-minute 6 weeks 3 

HOBO logger Boiler room temperature 5-minute 6 weeks 1 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator reviewed the project files and interviewed the site contact to gather information on the baseline. This retrofit 
measure is an add-on with a single baseline. The measure has a single baseline because the useful life of this measure is 
less than 2/3 of the life of the underlying heating system. The baseline is the pre-existing conditions (no insulation).  

During the site visit, the evaluator learned that the car wash tunnel is a conditioned space with multiple heaters and a 
thermostat located at the entrance. The applicant considered savings from installing insulation on the 260 ft of HW pipes 
located in the car wash tunnel (and 83 ft in the boiler room), but the portion of heat loss from the previously uninsulated 
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pipes in the car wash tunnel contributes to the useful heating of the space. Insulating the HW pipes in the car wash tunnel 
would not results in gas savings so the evaluator only considers the 83 ft of uninsulated HW piping in the boiler room for the 
evaluated natural gas savings. 

2.4.2 Evaluation calculation method 
The evaluator updated the applicant spreadsheet calculation to reflect the data collected on-site. Data collection occurred 
when the (hourly) outside air temperature varied between 22°F and 77°F. Figure 2-2 shows the ambient temperature 
recorded in the boiler room; the average temperature is 75°F. 

Figure 2-2. Boiler room ambient temperature from March 16, 2021 to April 30, 2021 

 

Figures 2-3 and 2-4 show the HW supply and return piping surface temperature values during the metering period. This data 
includes points where the boilers were not firing due to the high outside air temperature. The average temperature includes 
periods of downtime. The average HW supply temperature was 163°F and the average HW return temperature was 155°F. 
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Figure 2-3. HW supply temperature from March 16, 2021 to April 4, 2021 

 
 
Figure 2-4. HW return temperature from March 16, 2021 to April 17, 2021 

 

The evaluator entered the average temperatures into 3E Plus to calculate the heat loss (BTU/hr/ft) in the base case (no 
insulation) and the installed case for the boiler room piping. The installed case includes 1.5” thick insulation over 41.5 ft of 
HW supply piping and 41.5 ft of HW return piping (totalling 83 ft). Table 2-6 lists the inputs used in 3E Plus to calculate the 
heat loss for the HW supply and return piping. Figure 2-5 has screenshots from 3E Plus for the heat loss (BTU/ft/hr) for the 
HW Supply pipes (left) and for the HW Return pipes (right) in the boiler room. 
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Table 2-6. Evaluator - installed case summary 
Operation Description Value 
Pipe material Copper 
Insulation type 1200F MF Board, Type IVB, C612-14 
Insulation thickness 1.5” 
Jacket material All Service Jacket (ASJ) 
Hot water supply temperature 163°F 
Hot water return temperature 155°F 
Boiler room average ambient temperature 75°F 
Wind speed 0 mph 
Pipe size in car wash tunnel Conditioned space does not generate savings 
Pipe size in boiler room 1.25” 

 

Figure 2-5. Evaluator 3E Plus heat loss calculation 

 

The evaluator reviewed the data to determine when the hot water system was in operation and estimate its annual runtime. 
Based on our review of the metered data, there are no time-of-day controls on the boilers. The boilers’ operation is only 
dependent on the outside air temperature. The evaluator reviewed billing data for the site to determine the annual run hours. 
Figure 2-6 includes the site’s natural gas consumption and the evaluator’s estimated HW system runtime. The evaluator 
assumed that during colder months the hot water system is in use during the entire month. During the shoulder season 
months, where natural gas consumption transitions to/from zero (i.e., boilers are turned on or shut down for the season), the 
evaluator assumed the hot water system was off 2 out of 4 weeks. The evaluator calculates 5,499 annual hours based on 
the average operating hours from 2016 to 2019 billing data. In Figure 2-6, the black line marks the estimated installation 
date.  
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Figure 2-6. Billing data from January 2016 to December 2019 and evaluator HW system runtime 

 
Based on the updated 3E Plus heat loss values, length of useful insulation, measured boiler efficiency of 83.3%, and a HW 
system runtime of 5,499 annual hours, the evaluated annual savings are 334 therms. 

2.4.3 Cross-check with utility billing data 
Figure 2-6 above and Table 2-7 below present billing data for the site from January 2016 to December 2019. Before the 
installation of this measure (2016-2018), the average natural gas consumption was 9,622 therms annually. The site’s natural 
gas consumption increased after implementing this measure; however, site’s energy consumption has been steadily 
increasing from 2016 to 2019. The reason for this increase is unknown. 

The measure was installed in late 2019. The evaluator has less than 1 year of bill data for the site post measure installation. 
The evaluated savings of 334 therms represents less than 5% of the average annual natural gas consumption. Due the low 
impact of the measure on the site’s total natural gas usage, the coincident installation of a fabric door at the car wash 
entrance, and the lack of post-installation billing data, the evaluator would not be able to separate the measure savings from 
the post install billing data.  

Table 2-7. Annual Natural Gas Consumption 

Year Natural Gas 
Consumption (Therms) 

Annual Heating Degree 
Hours (HDH) Therms/HDH 

2016 9,120 138,209 0.066 
2017 9,719 136,816 0.071 
2018 10,027 135,069 0.074 
2019 11,189 153,444 0.073 
2020* 5,212 114,630 0.045 

*The bill data from 2020 includes a 3-month period, where the site was shut down due to COVID -19 restrictions. It only 
includes 11 months of data because December 2020 data was not available.  
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3 FINAL RESULTS 
This section summarizes the evaluation results determined in the analysis above and includes a summary table of key 
parameters in the applicant and evaluator analysis. 

The measure was installed at a car wash and consisted of installing 1.5” thick insulation over hot water piping used for 
heating. The applicant analysis includes savings from insulating 83 ft of HW pipes in the boiler room (an unconditioned 
space) and 260 ft of HW pipes in the car wash tunnel (a conditioned space with a thermostat). Using the same methodology 
as the applicant, the evaluator updates the savings calculation based on the installed case conditions. The evaluator 
analysis includes the length of useful pipe insulation (installed in unconditioned spaces). The evaluated savings are less 
than the reported values. The parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Baseline Applicant Evaluator 
Length of useful insulation installed and associated pipe size 260 ft on 1” piping 

83 ft on 1.25” piping 
 

83 ft on 1.25” piping ft 
Annual hours 4,316 5,499 
Boiler efficiency 85% 83.3% 
Boiler room ambient temperature 75°F 75°F 
HW supply temperature 170°F 163°F 
HW return temperature 170°F 155°F 
Insulation thickness 0” 0” 
HW supply pipe heat loss (41.5 ft of 1.25” piping) 82.30 BTU/hr/ft 74.83 BTU/hr/ft 
HW return pipe heat loss (41.5 ft of 1.25” piping) 82.30 BTU/hr/ft 66.52 BTU/hr/ft 
Installed Applicant Evaluator 
Insulation thickness 1.5” 1.5” 
Insulation type Micro Lok JM Fiberglass 1200F MF Board, Type IVB, 

C612-14 
HW supply pipe heat loss (41.5 ft of 1.25” piping) 11.04 BTU/hr/ft 10.27 BTU/hr/ft 
HW return pipe heat loss (41.5 ft of 1.25” piping) 11.04 BTU/hr/ft 9.27 BTU/hr/ft 
Savings 

  

Annual natural gas savings (therms) 1,053 334 
Natural gas realization rate 32% 

3.1 Explanation of differences 
The evaluated savings are less than the tracked savings primarily due to the decrease in the length of useful pipe insulation. 
Table 3-2 provides a summary of the differences between tracking and evaluated values. 
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Table 3-2. Summary of deviations 

End-use Discrepancy Parameter 
Impact of 
Deviation Discussion of Deviations 

HVAC Pre-project errors 
(inputs or calculations) 

Length of 
useful 

insulation 

-68% Decreased savings –The evaluator only considers 
savings from the 83 ft of insulated HW piping in the 
(unconditioned) boiler room. The car wash tunnel is a 
conditioned space so any heat loss from the 
previously uninsulated 260 ft of piping would 
contribute to useful heating. Heat loss through the car 
wash tunnel pipes in the existing case would 
contribute to heating the space and would offset the 
space heating load on the unit heaters; therefore, any 
decrease in piping heat loss would be offset by an 
increase in load on the unit heaters. Insulating the HW 
pipes in the car wash tunnel would not reduce natural 
gas consumption. 

HVAC Pre-project errors 
(inputs or calculations) 

Pipe 
temperature 

-28% Decreased savings – The applicant used a process 
(HW) temperature of 170°F in 3E Plus. The evaluator 
separated the process temperature of the HW supply 
(163°F) and the HW return (155°F), which affected the 
calculated heat loss of the bare and insulated pipe in 
3E Plus. This update in the evaluator’s heat loss 
reduced the savings. 

HVAC Pre-project errors 
(inputs or calculations) 

Boiler 
efficiency 

+2% Increased savings – The applicant assumed the 
boilers were 85% efficient. Based on an onsite 
combustion test, the evaluator updated the boiler 
efficiency to 83.3%, which increased the savings. 

HVAC Pre-project errors 
(inputs or calculations) 

Annual 
hours 

+26% Increased savings – The evaluator increased the 
annual heating hours from 4,316 to 5,499 hours. 
Based on the billing data, the boilers are in operation 
for approximately 229 days annually. 

3.2 Lifetime savings 
The evaluators classified this measure as an add-on with a single baseline because the measure life is less than 2/3 of the 
life of the underlying equipment (boilers and HW pipes) will outlast the installed measure.  

The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  × [ 𝑅𝑅𝐵𝐵𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝐵𝐵𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝑅𝑅𝐵𝐵𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)]  

where: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝐵𝐵𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years)  

𝑅𝑅𝐵𝐵𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 1/3 of 𝐸𝐸𝐵𝐵𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (years) 

OYF = 100% for this single-baseline measure. This factor accounts for dual-baseline 
impacts. 
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The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 
smaller than the tracking first year savings and the measure lifetime is shorter. Table 3-3 provides a summary of key factors 
that influence the lifetime savings. 

Table 3-3. Measure CGCSCR00303593- Lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 18,954 5,010 N/A 
First year savings (therms) 1,053 334 -68% 
Measure lifetime (years) 18 15 -83% 
Measure life reference Tracking MA TRM N/A 
Measure event type Retrofit Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operational N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts for this measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
This evaluated project consisted of the installation of insulation on 789 linear feet of uninsulated pipe and 27.8 ft2 of 
uninsulated surfaces located in the mechanical room at a recreational facility. The impacted areas are part of the natural gas 
fired heating hot water distribution system and of the natural gas fired domestic hot water system. The applicant classified 
the measure as a retrofit with preexisting conditions as baseline and calculated the measure impacts using 3E Plus. 

The proposed evaluation method is base +1 (on-site verification only) because the site contact reported that the boilers ran 
less due to the COVID pandemic. 

Based on information provided in the project files and information provided by the site contact, the evaluator classified the 
measure as an add-on with a single baseline. The baseline is single because the life of the installed measure (15 years) is 
less than 2/3 of the life of the heating system 925 years). The evaluator agrees with the baseline defined by the applicant. 
To calculate the project savings, the evaluator used the same methodology as the applicant. Because the evaluated non-
operational parameters are identical with the ones used by the applicant, the evaluated savings are the same as the tracking 
values. The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 
Measure 

Life (years) 
Lifetime Savings 

(Therms) 
CGCSCR00303238 Insulate pipes and 

fixtures 
Tracked 2,492 15 37,380 

Evaluated 2,492 15 37,380 
Realization rate 100% N/A 100% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are equal to the applicant-reported savings primarily because the evaluated and applicant’s non-
operational parameters are identical. 

1.2 Recommendations for program designers and implementers 
There are no recommendations. 

1.3 Customer alert 
There are no customer alerts. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

This project consisted of installing insulation on 789 linear feet of uninsulated pipe, and 27.8 ft2 of uninsulated surfaces. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
According the savings analysis file provided by the applicant, the applicant classified the measure as a retrofit with a single 
baseline. The baseline is pre-existing condition of the heating and DHW systems with bare pipes and fixtures. Table 2-1 
presents the main parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Linear feet of uninsulated straight pipe 789 ft 
Surface area of uninsulated components (valves, strainers, traps etc.) 27.8 ft2 
Surface temperatures of uninsulated pipes and components 120° F, 150° F, 155° F, 165° F, 170° F  
Heating system boiler efficiency 85% 
Domestic hot water boiler efficiency 96% 

2.2.1 Applicant description of installed equipment and operation 
The as-built system consisted of installing 0.9” – 2.3” thick insulation on the uninsulated components described in Table 2-1 
above. 

2.2.2 Applicant energy savings algorithm 
The vendor calculations used 3EPlus, which follows the methodology found in ASTM C-680, which is the standard practice 
for estimating heat gains and losses of insulated and uninsulated flat, cylindrical, and spherical systems using computer 
programs. The vendor calculations store the heat loss values calculated in 3EPlus in a summary spreadsheet. Figure 2-1 
shows a screenshot from the applicant savings calculations file. 
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Figure 2-1. Applicant savings calculations 

 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The evaluator believes that the applicant methodology is sound and used the same methodology to evaluate the measure 
impacts. 
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2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on April 28, 2021. During the site visit, the evaluators interviewed the facility manager 
and verified the installation of new insulation. A summary of the on-site verification is provided in Table 2-2. 

Table 2-2. Measure verification 
Measure Name Verification 

Method 
Verification Result 

Install insulation on 
789 linear feet of 
uninsulated pipe, 
and 27.8 ft2 of 
uninsulated 
surfaces. 

Verify the 
installation of the 
insulation 

Insulation was verified to have been installed on almost of the areas where the 
scope of work that insulation was added. The new insulation was not labelled 
with any identifying numbers and it was difficult to match the newly insulated 
components listed in the scope of work, to the components found on site, and 
do a comparison to see that the total surface areas aligned. The site contact 
was not able to identify any of the components found on the scope of work, to 
components at the facility off hand, but said he might be able to if he had a 
significant amount of time. The evaluator did find that all of the equipment was 
insulated, except for a small section of the heating hot water distribution piping 
(approximately 10’), whose pipe had recently been replaced. The heating hot 
water system was off, since no heat was being called for, and the site-contact 
stated that the insulation would be added back onto the piping before the next 
heating season began. 

The following additional information was gathered during the site visit through observation and through speaking with the 
site-contact: 

There were two 2,146 MBH gas-fired steam boilers which were off and not operating due to no heating being called for. 
These served steam radiators throughout the building, in addition to various air handlers equipped with steam heating coils. 
These boilers looked very old (vintage early 90s or earlier). 

There were two domestic hot water gas-fired boilers which were on. These served the showers, and a heat exchanger used 
to heat the pool. These looked like much newer boilers. The supply temperature leaving the domestic hot water temperature 
was found to be 174°F. The setpoint was found to be 170°F. In addition to providing domestic hot water, these two boilers 
also serve radiators on the 3rd and 4th floor of the building. 

Additionally, a small CHP unit was found on site (not operational). The site contact said that there was something wrong with 
the unit and that the unit had not been used in quite some time. The maintenance records indicate that the last time the unit 
was maintained was in May of 2019. 

The new insulation was installed in both the mechanical area, as well as in one of the hallway areas. The site contact stated 
that the project involved installing insulation on steam lines, domestic hot water lines, and heating hot water lines. The scope 
of work does not indicate that any insulation was added to any steam lines, so either the site-contact was mistaken, or the 
scope of work contained an error. 

Neither spaces were thermally controlled with any type of thermostat. However, the adjacent spaces to the hallways (i.e. 
rooms) were controlled with temperature control devices. 

The site contact stated that their operations were significantly affected by COVID and that their boilers operated less 
frequently. Their pool is currently not being used due to COVID, so heat being used for the pool, and for showers are 
significantly reduced. Similarly, occupancy is much lower. 
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2.3.2 Measured and logged data 
Because the site contact indicated the operation of the impacted boilers was affected by the COVID pandemic, the 
evaluation approach selected for this project was a Base + Add-on#1 (verification only). The evaluators therefore did not 
install any loggers to update any of the operational parameters, namely operating hours, and bare surface temperatures. 

The domestic hot water temperature setpoint was however found to be set at 170° F, which corresponds to many of the line 
items shown in Figure 2-1 above. A temperature gauge on the domestic hot water system read 172° F. This could potentially 
indicated close alignment between the some of the bare surface temperatures used in the applicant methodology and what 
the evaluators would have used for bare surface temperatures, had the evaluators collected these temperatures, and used 
them in an updated, evaluator savings analysis. 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The site contact confirmed the pipes impacted by the evaluated measure did not have insulation before the measure were 
installed. 

Based on information provided in the project files and gathered during the site visit, the evaluator classified the insulation 
measures as an add-on with a single baseline. The baseline is single because the life of the installed measure (15 years) is 
less than 2/3 of the life of the underlying systems (25 years). 

2.4.2 Evaluation calculation method 
Because the site contact indicated the operation of the impacted boilers was affected by the COVID pandemic, the 
evaluation approach selected for this project was a Base + Add-on#1 (verification only). The evaluators therefore did not 
update any of the operational parameters, namely operating hours and bare surface temperatures. Since the calculation 
method used by the applicant was found to be acceptable, and there were no administrative tracking errors, the evaluator 
savings was the same as the applicant savings.  
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3 FINAL RESULTS 
This evaluated project consisted of the installation of insulation on 789 linear feet of uninsulated pipe and 27.8 ft2 of 
uninsulated surfaces located in the mechanical room at a recreational facility. The impacted areas are part of the natural gas 
fired heating hot water distribution system and of the natural gas fired domestic hot water system. The applicant classified 
the measure as a retrofit with preexisting conditions as baseline and calculated the measure impacts using 3E Plus. The 
evaluated baseline is the same as the applicant’s. The evaluator did not collect data to evaluate whether the inputs into the 
algorithms were accurate or not, since this project was affected by the COVID pandemic according to the site contact. The 
evaluated savings are equivalent to reported values.  

Table 3-1. Summary of results 
Savings Applicant Evaluator 
Annual natural gas savings (therms) 2,492 2,492 
Natural gas realization rate 100% 

3.1 Explanation of differences 
The evaluated savings are equivalent to the applicant savings. 

3.2 Lifetime savings 
The evaluator classifies the insulation measures as an add-on with a single baseline. The baseline is single because the life 
of the installed measure (15 years) is less than 2/3 of the life of the underlying systems (25 years). The evaluators calculated 
evaluated lifetime savings values using the following formula: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  ×  [ 𝐸𝐸𝐸𝐸𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸]  

where: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝐸𝐸𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

The evaluated lifetime savings are equal to the tracking lifetime savings. Table 3-2 provides a summary of key factors that 
influence the lifetime savings. 

Table 3-2. Measure CGCSCR00303238 - Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 37,380 37,380 N/A 
First year savings (therms) 2,492 2,492 0% 
Measure lifetime (years) 15 15 0% 
Measure life reference Tracking MA TRM for pipe wrap N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operational N/A 

N/A = Not applicable 
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3.2.1 Ancillary impacts 
There are no ancillary fuels impacted by this measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The project was installed at a high school that serves boarding and day students and consisted of two measures:  

• M1 (app: CGCLCR00300797): The measure consisted of an upgrade of the existing auto-flame controls system on 
the three existing 1000 HP steam boilers with a newer/upgraded version of the same auto-flame controls system. 
To respond more effectively to the upgraded auto-flame control system, the facility also replaced their exhaust gas 
analyzer, stack probe, UV burner flame scanners, pressure detectors on the boiler operating pressure control 
headers, and servo motors. The energy savings from upgrading the burner controls for the steam plant comes from 
an increase to the boiler efficiency across the boilers’ load profile. The tracking savings for the measure are 16,820 
therms. 

• M2 (app: CGCLCR00301102): The measure consisted of the installation of 1.5” fiberglass insulation and insulation 
blankets on pipes, valves, and fittings in three buildings at the facility. The measure saves energy because it 
reduces the heat loss from the insulated hot surfaces and natural gas consumption of the steam boilers. The 
tracking savings for the measure are 8,488 therms. 

The campus is comprised of 15 buildings and has a central utility plant equipped with three steam boilers that provide space 
heating throughout the heating season (September – April) to the whole campus. 

Although the site contact indicated that, regardless of the pandemic, students remained in the campus and the heating load 
did not change, he was not willing to accommodate a site visit due to the pandemic restrictions. In addition, the tracking 
savings are less than 3% of the total natural gas billing data of the facility, which makes the billing analysis an inappropriate 
method for this evaluation. Due to those factors, the site was evaluated using the Base (remote verification + updates on 
non-operational parameters only) method. 

The applicant classified both measures as a retrofit with the preexisting conditions as the baseline and calculated the project 
impacts using a spreadsheet-based analysis. Based on the discussions with facility and vendor staff and the review of the 
project files, the evaluator classified both measures as add-ons with the preexisting conditions as the single baseline. The 
measures have a single baseline because the life of the installed measures (15 years) is less than 2/3 of the life of the 
impacted boilers (25 years). The evaluators calculated the savings for M1 using the same methodology as the applicant and 
savings for M2 using 3EPlus. The project savings are smaller than the reported tracking data primarily because the 
evaluators calculated savings using a different methodology and different surface area values for the valves and fittings than 
the applicant’s. The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 
Measure Life 

(years) 
Lifetime Savings 

(Therms) 
CGCLCR00300797 Boiler burner 

controls 
Tracked 16,820 25 420,500 
Evaluated 16,343 15 245,145 
Realization rate 97% N/A 58% 

CGCLCR00301102 Equipment 
insulation 

Tracked 8,488 25 212,200 
Evaluated 6,082 15 91,230 
Realization rate 72% N/A 43% 

Totals  Tracked 25,308 N/A 632,700 
Evaluated 22,425 N/A 336,375 
Realization rate 89% N/A 53% 

N/A – not applicable 
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1.1 Explanation of deviations from tracking 
The evaluated savings are 11% less than the applicant-reported savings primarily because the evaluators calculated the 
impacts for M2 using a different methodology. Further details regarding deviations from the tracked savings are presented in 
Section 3-1. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no customer alerts for this project. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project was installed at a high school campus and consisted of the following measures:  

• M1: Replaced the preexisting auto-flame controls system with up an upgraded auto-flame controls system for three 
steam boilers that provide space heating to the entire campus. 

• M2: Installed insulating jackets on 78 valves and fittings and 56 90-degree elbows and fiberglass insulation on 198 
linear feet of steam pipes. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
The applicant classified both measures as retrofit with the preexisting condition as the baseline. The applicant baseline 
condition consisted of the following: 

• M1: The applicant measure baseline consisted of the preexisting boiler plant with the existing auto-flame control 
system. 

• M2: The applicant measure baseline consisted of the bare valves, fittings, elbows and steam pipes (no insulation). 

Table 2-1 presents the main parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Boiler description Three 1,000 HP steam boilers 
Boiler age Boilers: installed in 1995 

Burners: upgraded in 2000-2003 
Boiler controls Auto-flame control system (model MK6) 
Boiler efficiency 80 - 84% 
Firing rate controls 5:1 burner turn-down 
Space heating season September – April 
Facility billed usage (average 2015 – 2018) 1,121,301 therms/year 
Hot surfaces energized hours 5,688 hours per year 
Surface temperature 210° 
Ambient temperature 80° 
Surface area of valves, fittings, and elbows 312 sq. ft. 
Length of pipes 198 ft 

2.2.1 Applicant description of installed equipment and operation 
The applicant description of the installed equipment consisted of the following: 
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• M1: The preexisting boiler plant with an upgraded auto-flame control system that modernized combustion controls 
for the central steam plant, resulting in more consistent combustion efficiency and increased burner turn down from 
5:1 to 8:1. 

• M2: A total of 78 valves and fittings, 56 90-degree elbows and 198 linear feet of steam pipes are equipped with 
insulation jacket and fiberglass insulation. 

2.2.2 Applicant energy savings algorithm 
The applicant calculated the project impacts using a spreadsheet-based analysis. The applicant savings algorithms are 
presented below: 

2.2.2.1 M1 – Applicant savings algorithm 
The applicant used facility billing data and calculated and averaged 2015 – 2018 annual consumption values. The applicant 
defined that average value as typical usage and applied and predicted the installed measure will save 1.5% of the typical 
consumption. Figure 2-1 shows a screenshot from the applicant savings calculations file for M1. 

Figure 2-1. M1 - Applicant savings calculations 

 

2.2.2.2 M2: Applicant savings algorithm 
The applicant calculated the measure savings using the following formula: 

∆𝑄𝑄 =  �
𝐾𝐾 × ∆𝑇𝑇 × 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐴𝐴𝐻𝐻

�𝐿𝐿 + 𝐾𝐾
𝐻𝐻𝑡𝑡
� × 100000

  

where, 
∆𝑄𝑄  = annual heat loss (therms/year) 
𝐾𝐾 = thermal conductivity (Btu/h ft2 °F); (26.9 for bare tanks/fittings/pipes and 0.525 for insulated 

tanks/fittings/pipes) 
∆𝑇𝑇  = surface temperature – ambient temperature  
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴  = surface area (square feet) 
𝐻𝐻𝐻𝐻𝐻𝐻𝐴𝐴𝐻𝐻 = annual operating hours (8760 hours per year at 134 locations and 5000 hours per year at 33 

locations) 
𝐿𝐿  = insulation thickness (1.5 inch of fiber glass, 0” if bare) 
𝐻𝐻𝑡𝑡 = combined (conduction, convection, and radiation) heat loss coefficients (3.2 Btu/h ft² °F, 

calculated at 300 °F) 
100000  = conversion factor (1 therm = 100,000 Btu) 

Using the formula above, annual heat losses were calculated for bare condition (no insulation) and insulated condition. 
Finally, the annual gas savings was calculated as: 

𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = ∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑠𝑠𝑖𝑖𝑠𝑠𝑡𝑡𝑠𝑠𝑐𝑐𝑠𝑠 −  ∆𝑄𝑄𝑏𝑏𝑠𝑠𝑏𝑏𝑖𝑖 𝑐𝑐𝑐𝑐𝑠𝑠𝑖𝑖𝑠𝑠𝑡𝑡𝑠𝑠𝑐𝑐𝑠𝑠 
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The vendor submitted analysis does not account for the boiler efficiency when calculating the annual gas savings. The 
project documents include a spreadsheet calculation file that calculates heat loss from bare and insulated surfaces using 
proprietary surface pipe fixture surface area data and two site specific data elements: 

• One-time surface and ambient temperature measurements 

• Energized hours per boiler plant operator 

Figures 2-2 through 2-4 show screenshots of savings calculations performed by the applicant. 

Figure 2-2. M2 - Applicant savings calculations 

 
Figure 2-3. M2 – Applicant savings calculations 
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Figure 2-4. M2 – Applicant savings calculations 

 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
For M1, the evaluators found the applicant savings methodology appropriate. The evaluators found the savings coefficient 
used by the applicant to calculate the measure impacts reasonable. However, the applicant calculated the baseline natural 
gas consumption using an average of 2015 – 2018 facility billing data and the baseline was not normalized to TMY3 weather 
data. 

For M2, the evaluators found the applicant savings methodology to be inappropriate. The applicant’s heat loss calculation 
used a non-standard heat loss equation. Based on the findings included in the Vendor Insulation Savings Calculator study 
(MA20C14-G-INSUL), the heat loss calculation that the applicant used for this project did not reference the ASTM C680 
standard, which is a standard describing the established methodology for computer programs to calculate heat loss values 
for bare and insulated surfaces. In addition, the boiler efficiency was not accounted in the savings calculations. 

Besides the methodology, the evaluators found evidence showing that the applicant overestimated the surface area of the 
pipe valves and fittings. The applicant estimated a 4” tee pipe fitting to have a surface area of 6.1 sq. ft., which is not an 
appropriate estimate for 4” tee pipe fitting. The evaluators calculated the surface areas of the impacted valves and fittings 
using references from a third-party implementation vendor and online research. 

2.3 Remote verification 
This section provides details on the tasks performed during the remote verification and the gathered data. Since the site 
contact was not willing to accommodate a site visit and the project savings were insignificant to the total facility’s gas 
consumption, making billing analysis inadequate, the Base (remote verification) method was adopted for the evaluation. 

2.3.1 Summary of remote verification findings 
The evaluators interviewed the site contact (boiler operator) on February 10, 2021 and the vendor on May 10, 2021. During 
the verification, the evaluators completed the following tasks: 
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• Interviewed the boiler operator and vendor to verify that the auto-flame control systems were installed and operating 
correctly. The site contact indicated the information provided in the project documentation is accurate. 

• Interviewed the boiler operator to understand the operation of the steam boiler. During the interview, the site contact 
described the configuration setup of the heating system at the facility. The steam boilers provide space heating to the 
campus. The boilers are operated between September and April, which was confirmed by facility billing data. 

• Interviewed the boiler operator and vendor to understand the impact of the upgraded auto-flame controls system. The 
new auto-flame model operates similarly to the older model. The primary benefit of the new auto-flame controls system 
is that it is more reliable and is less likely to cause any boiler shutdowns. As part of this project, new exhaust gas 
analyzers were installed on each boiler, which make the boilers operate as efficiently as possible. The benefit of the 
new equipment is that it is more reliable and was more recently calibrated to current operating conditions. 

During the interview with the site contact on February 10, 2021, the evaluators were not able to obtain any information about 
M2, the evaluators attempted to contact the site contact again in May, 2021 but were not able to receive any responses from 
the site contact. Therefore, the evaluators reviewed the project documentation to verify the installation of the measure. A 
summary of the verification effort is provided in Table 2-2. 

Table 2-2. Measure verification 
Measure Name Verification Method Verification Result 
Boiler burner controls Interview with the site contact and the vendor, 

and photographs from post-installation inspection 
visit. 

The verified auto-flame controls systems 
were installed and operating as intended 

Equipment insulation Review of photographs from post-installation 
inspection visit. 

The insulation was installed on the 
impacted hot surfaces 

Based on the project documentation and the interview with the site contact and vendor, Photos 2-1 and 2-2 present the 
installed auto-flame control system and the installed insulation.  

Photo 2-1. Installed auto-flame control system on steam boiler 
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Photo 2-2. Installed insulation 

  

Photo 2-3 presents a sample of post-installation boiler efficiency tests for Boilers 1, 2 and 3, respectively, provided by the 
vendor. 

Photo 2-3. Sample of boiler efficiency tests performed after project installation – boilers 1, 2, and 3 respectively 
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Using the information included in Photo 2-3 above, the evaluators calculate the boiler efficiency of the as-built boilers to be 
85.6%. Because the evaluators conducted the evaluation using Base evaluation method, the evaluators did not use this 
efficiency value in the evaluated savings analysis.  

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
Based on the information provided by the site contact and project documentation, the evaluators determined that both 
measures are an add-on with a single baseline. The single baseline was selected because the evaluated measure EUL (15 
years for both measures) is smaller than 2/3 of the EUL of the boiler plant (25 years). The measure baseline was the 
preexisting conditions for both measures (same as the applicant). Table 2-3 presents the evaluated baseline key 
parameters.   

Table 2-3. Evaluated baseline summary 
Operation Description Value 
Boiler description Three 1,000 HP steam boilers 
Boiler age Boilers: installed in 1995 

Burners: upgraded in 2000-2003 
Boiler controls Auto-flame control system (model MK6) 
Firing rate controls 5:1 burner turn-down 
Space heating season September – April 
Facility billed usage (normalized with TMY3 weather data) 1,089,540 therms/year 
Pipe energized hours 5,688 hours per year 
Surface temperature  210° 
Ambient temperature 80°F 
Surface area of valves, fittings and elbows 218 sq. ft. 
Length of pipes 198 ft 

2.4.2 Evaluation calculation method 
M1: The evaluators calculated the measure impacts using the same methodology as the applicant’s. The savings equation is 
described below:  

𝑆𝑆𝑆𝑆𝑆𝑆𝐻𝐻 = 𝐵𝐵𝐴𝐴𝐻𝐻𝐴𝐴𝐵𝐵𝐵𝐵𝐵𝐵𝐴𝐴 𝑁𝑁𝐴𝐴𝑁𝑁𝐻𝐻𝐴𝐴𝐴𝐴𝐵𝐵 𝐺𝐺𝐴𝐴𝐻𝐻 𝐶𝐶𝐻𝐻𝐵𝐵𝐻𝐻𝐻𝐻𝐶𝐶𝐶𝐶𝑁𝑁𝐵𝐵𝐻𝐻𝐵𝐵 × 𝑆𝑆𝐴𝐴𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝐻𝐻 𝐹𝐹𝐴𝐴𝐹𝐹𝑁𝑁𝐻𝐻𝐴𝐴 

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝐻𝐻     = Annual energy savings per year (therms) 

𝐵𝐵𝐴𝐴𝐻𝐻𝐴𝐴𝐵𝐵𝐵𝐵𝐵𝐵𝐴𝐴 𝑁𝑁𝐴𝐴𝑁𝑁𝐻𝐻𝐴𝐴𝐴𝐴𝐵𝐵 𝐺𝐺𝐴𝐴𝐻𝐻 𝐶𝐶𝐻𝐻𝐵𝐵𝐻𝐻𝐻𝐻𝐶𝐶𝐶𝐶𝑁𝑁𝐵𝐵𝐻𝐻𝐵𝐵 = Baseline natural gas consumption for the years before the project 
was installed (Jan 2013 – May 2018) and normalized for weather 
(therms) 

𝑆𝑆𝐴𝐴𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝐻𝐻 𝐹𝐹𝐴𝐴𝐹𝐹𝑁𝑁𝐻𝐻𝐴𝐴    = Energy savings factor as a result of the project installation, 1.5%  

The evaluators applied the same savings factor as the applicant’s (1.5%) to the calculated normalized baseline natural gas 
consumption. The evaluators normalized the natural gas billing data used by the applicant to the TMY3 weather data for 
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Lawrence, MA. Figure 2-3 compares the monthly billing data to the monthly heating degree days, which have 65°F as base 
temperature. 

Figure 2-3. Natural gas consumption from Jan-2016 to Dec-2020 

 

The evaluators included the applicant’s natural gas consumption billed during the following periods: 

• January 31, 2013 to May 31, 2018 – baseline consumption 

The evaluators created the pre-installation regression, shown in Figure 2-4 below and applied it to Lawrence TMY3 weather 
data to determine the modelled baseline weather-normalized gas consumption. 

Figure 2-4. Baseline correlation with degree days 
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The monthly baseline weather-normalized natural gas consumption is presented in Table 2-4. 

Table 2-4. Baseline natural gas consumption result 

Month Days HDD-TMY3 Weather Normalized -Baseline 
1 31 1,279 243,447 

2 28 932 177,974 

3 31 733 140,378 

4 30 555 106,715 

5 31 262 0 

6 30 118 0 

7 31 32 0 

8 31 25 0 

9 30 137 27,788 

10 31 458 88,388 

11 30 574 110,269 

12 31 1,020 194,581 

Total 365 6,123 1,089,540 

The evaluated savings for this measure is 16,343 therms. 

M2: The evaluators calculated the project impacts using 3EPlus, which is a software that calculates heat loss values for bare 
and insulated surfaces using ASTM C680 standard, with input parameters (except surface area values) included in the 
applicant savings analysis. 
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The evaluators calculated the surface areas for the pipe valves and fittings using references from a third-party vendor and 
online research. The evaluated surface areas of the impacted valves and fittings were the average value between the 
applicant’s value and the values provided by the third-party vendor and online research. Table 2-5 presents the comparison 
between the evaluated surface areas and the applicant value. 

Table 2-5. Surface areas comparison 

 

Table 2-5 presents the ambient temperature, operating hours, pipe length and component surface temperature that were 
entered into 3EPlus software to calculate the evaluated annual savings.  

Table 2-5. 3EPlus inputs 

Component 
Type 

Surface 
Temperature 

(°F) 

Ambient 
Temperature 

(°F) 

Insulated 
Heat Loss -  
Btu/hr/sqft 
(Btu/hr/ft 
for pipes) 

Bare Metal Heat 
Loss - 

Btu/hr/sqft 
(Btu/hr/ft for 

pipes) 
Annual 
Hours 

Total - sq.ft. 
(linear feet for pipes) 

Valves, fittings 
and elbows 210 80 278.2 21.6 5,688 218 

Pipes 210 80 270 21 5,688 198 
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For M2, the evaluators calculated the savings using the following formula:  

𝑆𝑆𝑆𝑆𝑆𝑆𝐻𝐻 =
(𝐻𝐻𝐴𝐴𝐴𝐴𝑁𝑁 𝐵𝐵𝐻𝐻𝐻𝐻𝐻𝐻𝑏𝑏 − 𝐻𝐻𝐴𝐴𝐴𝐴𝑁𝑁 𝐵𝐵𝐻𝐻𝐻𝐻𝐻𝐻𝑠𝑠𝑏𝑏) × 𝐻𝐻𝐻𝐻𝑁𝑁 𝐻𝐻𝐻𝐻𝐴𝐴𝑠𝑠𝐴𝐴𝐹𝐹𝐴𝐴𝐻𝐻 × ℎ𝐻𝐻𝐻𝐻𝐴𝐴𝐻𝐻

𝐵𝐵𝐻𝐻𝐵𝐵𝐵𝐵𝐴𝐴𝐴𝐴𝑖𝑖𝑒𝑒𝑒𝑒
 

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝐻𝐻  = Annual energy savings per year (therms) 

𝐻𝐻𝐴𝐴𝐴𝐴𝑁𝑁 𝐵𝐵𝐻𝐻𝐻𝐻𝐻𝐻𝑏𝑏 = Baseline heat loss, Btu/hr/sq. ft. for valves, fittings and elbows and Btu/hr/ft for pipes 

𝐻𝐻𝐴𝐴𝐴𝐴𝑁𝑁 𝐵𝐵𝐻𝐻𝐻𝐻𝐻𝐻𝑠𝑠𝑏𝑏 = As-built heat loss, Btu/hr/sq. ft. for valves, fittings and elbows and Btu/hr/ft for pipes 

𝐻𝐻𝐻𝐻𝑁𝑁 𝐻𝐻𝐻𝐻𝐴𝐴𝑠𝑠𝐴𝐴𝐹𝐹𝐴𝐴𝐻𝐻 = Surface area (length) of the valves, fittings, and elbows (pipes), sq.ft. (ft) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐴𝐴𝐻𝐻  = Operating hours, 5,688 hours 

𝐵𝐵𝐻𝐻𝐵𝐵𝐵𝐵𝐴𝐴𝐴𝐴𝑖𝑖𝑒𝑒𝑒𝑒 = Boiler efficiency, 80% 

As shown in the above formula, the boiler efficiency value was added to the evaluated savings calculation for M2. Because 
the applicant did not account for boiler efficiency when calculating the savings for M2, the evaluators used 80% (which is 
what the implementation vendors typically use when calculating savings for insulation measure) as a proxy value. The 
evaluated savings for this measure is 6,082 therms.  

2.4.3 Cross-check with utility billing data 
The project tracking savings were 22,425 therms, which were 2% of the total calculated normalized annual gas consumption 
at the facility. The savings were insignificant to the billing data and thus billing analysis is not appropriate for this site. 



 
 

DNV  –  www.dnv.com August 10, 2021 Page 15 
 

3 FINAL RESULTS 
The project consisted of two measures as below:  

• M1: Upgrading the preexisting auto-flame controls on three 1,000 HP steam boilers.  

• M2: Installing insulation jackets on valves and fittings and fiber glass insulation on linear pipes  

The applicant calculated savings using a spreadsheet-based analysis. The evaluators calculated the savings for M1 using a 
similar methodology to the applicant’s with natural gas billing data normalized to the TMY3 weather data. The evaluators 
calculated the savings for M2 using 3EPlus software. The evaluated savings are less than the reported values. The 
parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Billing Applicant Evaluator 
Baseline gas usage (therms) 1,121,301 1,200,410 
Baseline gas usage period Jan 2013 – Jun 2018 Jan 2013 – Jun 2018 
As-built gas usage (therms) N/A N/A 
Weather-normalized baseline gas usage (therms) N.D. 1,089,540 
Baseline Applicant Evaluator 
Boiler rated input Three 1,000 HP steam boilers Three 1,000 HP steam boilers 
Controls system Auto-flame controls system Auto-flame controls system 
Boiler plant efficiency 100% 80% 
Firing rate controls 5:1 turn-down 5:1 turn-down 
Hot surfaces energy hours 5,688 hours 5,688 hours 
Surface temperature 210°F 210°F 
Ambient temperature 80°F 80°F 
Surface are of valves, fittings, and elbows 312 sq. ft. 218 sq. ft. 
Length of pipes 198 ft 198 ft 
As-Built Applicant Evaluator 
Boiler rated input Same as baseline 
Controls system Upgraded auto-flame controls 

system 
Upgraded auto-flame controls 

system 
Boiler plant efficiency 100% 80% 
Firing rate controls 8:1 turn-down 8:1 turn-down 
Savings factor 1.5% 1.5% 
Hot surfaces energy hours 5,688 hours 5,688 hours 
Surface temperature  210°F 210°F 
Ambient temperature  80°F 80°F 
Surface are of valves, fittings, and elbows 312 sq. ft. 218 sq. ft. 
Length of pipes 198 ft 198 ft 
Savings 

  

Annual natural gas savings (therms) 25,308 22,425 
Natural gas realization rate 89% 

3.1 Explanation of differences 
The evaluated savings are less than the tracked savings, primarily because the evaluators calculated the savings using a 
different methodology and different surface areas than the applicant’s. Table 3-2 provides a summary of the differences 
between tracking and evaluated values. 
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Table 3-2. First-year savings - summary of deviations 

End-use Discrepancy Parameter 
Impact of 
Deviation Discussion of Deviations 

HVAC Methodology Heat load 
calculation 

-5% Decreased savings – The evaluators calculated savings for 
M1 using weather normalized natural gas billing data and 
savings for M2 using 3EPlus software. 
In addition, the evaluators included the boiler efficiency factor 
in the savings calculation for M2. 

HVAC Size/ quantity Surface area -6% Decreased savings – The evaluators calculated a different 
surface area values from the ones predicted by the applicant 

3.2 Lifetime savings 
M1: The evaluators classified this measure as an add-on with a single baseline. The evaluators calculated evaluated lifetime 
savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 = 𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 (years) 

OYF = 100% for this single-baseline measure. This factor accounts for dual-baseline 
impacts. 

The evaluated lifetime savings are larger than the tracking lifetime savings because the evaluated first year savings are 
larger than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-3. Measure CGCLCR00300797 - Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 420,500 245,145 N/A 
First year savings (therms) 16,820 16,343 -3% 
Measure lifetime (years) 25 15 -40% 
Measure life reference Tracking MA TRM for boiler controls N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

M2: The evaluators classified this measure as an add-on with a single baseline. The evaluators calculated evaluated lifetime 
savings values using the following formula: 
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𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 = 𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 (years) 

OYF = 100% for this single-baseline measure. This factor accounts for dual-baseline 
impacts. 

The evaluated lifetime savings are larger than the tracking lifetime savings because the evaluated first year savings are 
larger than the tracking first year savings. Table 3-4 provides a summary of key factors that influence the lifetime savings. 

Table 3-4. Measure CGCLCR00301102 - Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 

Lifetime savings (therms) 212,200 91,230 N/A 
First year savings (therms) 8,488 6,082 --28% 
Measure lifetime (years) 25 15 -40% 
Measure life reference Tracking MA TRM for boiler controls N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts from the evaluated measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project consisted of replacing or repairing 52 preexisting steam traps that have failed and was installed at a 
K-12 school. The impacted steam traps are installed on common area and classroom radiators and are energized to meet 
space temperature setpoints controlled by local thermostats. The boiler plant serving the impacted steam traps is comprised 
of four 4,551-MBH gas boilers that supply 9 psig steam. The boilers operate for approximately 16 hours a day throughout 
the heating season (October 1st to April 31st). 

The applicant classified the project as a retrofit with a single baseline and used a deemed savings value to calculate the 
measure savings. The measure eliminated steam losses from failed steam traps thereby savings natural gas energy. 

Since the facility’s steam production was impacted by the COVID-19 pandemic, the evaluators evaluated this site using 
Base + Add-on #1 (on-site verification M&V) evaluation method. Based on on-site findings and review of project 
documentation, the evaluators classified the project as retrofit with preexisting failed steam traps as the single baseline. 

The evaluators calculated the measure impacts using the revised Steam Trap Savings tool with input parameters from the 
deemed savings study referenced by the applicant and the steam trap survey included in the project documentation. The 
evaluated savings are higher than tracking estimates because of the difference in baseline failure rate. The evaluation 
results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 
Measure Life 

(years) 
Lifetime Savings 

(Therms) 
MA19P00005194 Steam traps repair Tracked 4,368 6 26,608 

Evaluated 7,302 6 43,812 
Realization rate 167% N/A 167% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are 67% higher than the applicant-reported savings because the applicant used a deemed baseline 
failure rate of 50% instead of 100% baseline failure rate as indicated in the steam traps survey. Further details regarding 
deviations from the tracked savings are presented in Section 3-4. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no customer alerts at this time. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of repair/replacement of 52 failed steam traps at a K-12 school. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
The applicant submitted project files included a steam trap survey conducted by a third-party vendor in January 2019. 
However, the applicant did not use trap-specific information from the survey in the baseline. The applicant used a deemed 
savings value methodology to calculate the measure savings. The applicant baseline consisted of deemed value input 
parameters, which are presented in Table 2-1. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Number of impacted steam traps 52 
Deemed steam operating pressure 7.2 psig 
Enthalpy, saturated liquid 196 Btu/lb 
Enthalpy, saturated steam 1,156 Btu/lb 
Steam trap operating hours 2,525 hours/year 
Steam trap orifice size 0.25 inch 
Steam plant thermal efficiency 80% 
Leak factor 36.9% 
Discharge coefficient 70% 
Condensate return factor 36.3% 
Rate of failure in bulk installations 50% 
Failure type 63% leaking and 37% blowing by 
Trap annual savings 84 therms/trap 

2.2.1 Applicant description of installed equipment and operation 
The applicant’s installed case for this measure assumed that all 52 repaired traps on-site are in good working condition. 

2.2.2 Applicant energy savings algorithm 
The applicant calculated the measure energy savings using a deemed savings methodology. The annual gas energy 
savings were calculated using the following formula: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑡𝑡𝑇𝑇𝑡𝑡𝑡𝑡 × 84  

where: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   = annual gas energy savings (therm/year) 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝑇𝑇𝑡𝑡𝑇𝑇𝑡𝑡𝑡𝑡 = total number of steam traps repaired (52) 

84 = deemed natural gas savings per low-pressure trap (84 therm1) 

 
1 https://ma-eeac.org/wp-content/uploads/MA-CIEC-Two-Tier-Steam-Traps-Memo-FINAL.pdf 
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The deemed savings of 84 therm per trap cited by the applicant are estimated based on an assumption that 50% of the 
repaired traps were failed in the preexisting case. Additional details on the deemed savings methodology is included in the 
Two-Tier Steam Trap Savings study1 completed in April 2018.  

2.2.3 Evaluation assessment of applicant methodology 
The applicant calculated the project savings using a deemed savings value methodology – the applicant’s analysis did not 
use any site-specific information in the savings calculation. The evaluators calculated the measure impacts of the repaired 
steam traps using the steam trap tool adopted by the Program Administrator (PAs) in 2018 – following the completion of the 
Phase 2 Steam Trap Evaluation2 completed in March 2017. The evaluators used baseline failure rate of 100% (63% leaking 
and 27% blowing by, and 10% plugged) based on on-site findings instead of the deemed failure rate of 50% assumed by the 
savings methodology referenced by the applicant.  

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on February 2, 2021 and a follow-up visit on March 3, 2021. During these two site 
visits, the evaluators interviewed the maintenance manager and verified that the repaired traps are in good working 
condition. The evaluators inspected 20 randomly selected steam traps. Among the 20 inspected traps, only 4 traps installed 
in common areas (stairs/hallways) were warm – the traps were not completely energized but they were warm. The traps 
located in the classroom radiators were not warm. This was because the thermostats controlling the classroom radiators 
were turned off/down. The site contact informed the evaluators that the classrooms would remain closed until the end of 
April 2021 due to COVID related shutdowns. As such, evaluators concluded that the operation of steam traps was not 
typical. A summary of the on-site verification is provided in Table 2-2. 

Table 2-2. Measure verification 
Measure Name Verification Method Verification Result 
Steam trap repair Visual inspection of a sample of 20 repaired 

steam traps, steam trap inlet/outlet temperature 
measurements inspection of a sample of repaired 
steam traps. 

The verified steam traps were installed. Steam 
traps installed in common areas radiators were 
energized, however, traps installed in 
classrooms were not energized. 

Photo 2-1 depicts a sample of verified steam traps. 

Photo 2-1. Repaired steam traps 

    

 
2 https://ma-eeac.org/wp-content/uploads/Steam-Trap-Evaluation-Phase-II-Summary.pdf 

https://ma-eeac.org/wp-content/uploads/Steam-Trap-Evaluation-Phase-II-Summary.pdf
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The facility’s impacted heating system include four steam 4,551-MBH gas-fired boilers that provide 9 psig steam for space 
heating. The site contact stated that the boilers operate for approximately 16 hours a day throughout the heating season 
from October 1st to April 31st. The evaluators were not able to gather combustion efficiency details during the site visit. 

2.3.2 Measured and logged data 
Based on the information provided by the site contact and based on on-site verification, the evaluators determined that the 
steam trap operation in the facility was impacted by the COVID-19 pandemic and that any immediate metered data would 
not be representative of typical operation of the repaired traps. As such, the evaluators did not install any long-term metering 
equipment. During the site visit, the evaluators spot-measured the temperature of the four seemingly energized common 
area steam traps and found that the traps were hot due to thermal inertial but were not completely energized. 

2.4 Evaluation methods and findings 
This section describes the evaluators methods and findings. 

2.4.1 Evaluation description of baseline 
The applicant submitted project documentation included a steam trap survey conducted by a third-party vendor in January 
2019. As per the survey, the baseline consisted of 52 failed steam traps. 51 traps were repaired, and 1 trap was replaced. 

Based on the project documentation, the evaluators determined the measure to be a retrofit with the preexisting conditions 
as the single baseline. The measure has a single baseline because its life is short (6 years). The evaluated baseline 
consists of a steam system with 52 failed traps (as opposed to 26 failed traps used in the tracking savings calculations) with 
failure mode rates recorded by the PA based on steam trap measures projects completed at schools between 2014 and 
2017 (63% leaking and 27% blowing by, and 10% plugged). To define the baseline, because the steam system operation 
was impacted by the current pandemic, evaluators used the same operational parameters used in the tacking savings 
calculations. Table 2-4 presents the evaluators baseline summary. 

Table 2-4. Evaluators baseline summary 
Operation Description Value 
Number of failed steam traps 52 
Steam operating pressure 7.2 psig 
Enthalpy, saturated liquid 196 Btu/lb 
Enthalpy, saturated steam 1,156 Btu/lb 
Steam trap operating hours 2,525 hours/year 
Steam trap orifice size 0.25 inch 
Steam plant thermal efficiency 80% 
Discharge coefficient 70% 
Condensate return factor 36.3% 
Failure type 63% leaking, 27% blowing by, and 10% plugged. 

2.4.2 Evaluation calculation method 
The evaluators calculated the savings using the revised Steam Trap Savings tool and the input parameters listed in table 2-4 
above. The custom savings equation used in the referenced tool is described below. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡 = �60 ×
𝜋𝜋
4𝐷𝐷

2 × (𝑃𝑃 + 14.7)0.97� ×
𝐿𝐿𝐿𝐿 × 𝐶𝐶𝐷𝐷 × (ℎ𝑠𝑠 − ℎ𝑓𝑓) × 𝐶𝐶𝐶𝐶 × 𝐻𝐻𝑇𝑇𝐻𝐻𝑡𝑡𝑡𝑡

100,000 × 𝜂𝜂  

where, 
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𝑆𝑆𝑆𝑆𝑆𝑆𝑡𝑡    = annual energy savings per year (therms) 

60    = empirically derived factor in Grashof equation (lbm/(in0.06-lb0.97-hr)) 

𝐷𝐷    = diameter of steam trap orifice (inches) 

𝑃𝑃    = pressure of steam in line at trap (psig); add 14.7 to get psia 

0.97    = empirically derived factor in Grashof equation 

𝐿𝐿𝐿𝐿 = leak factor is determined through field testing and accounts for partially 
obstructed orifices or non-ideal steam flow. Plugged traps use a value of 0% 
(i.e. no savings result from fixing a plugged trap), leaking traps use a value of 
26% and blowing by traps use a value of 55%    

𝐶𝐶𝐷𝐷    = discharge coefficient (70%) due to trap hole not being a perfect orifice 

ℎ𝑠𝑠, ℎ𝑓𝑓 = enthalpy of saturated steam and liquid, respectively, associated with 

specified trap operating pressure (Btu/lb) 

𝐶𝐶𝐶𝐶 = condensate return factor accounting for energy returned from leaking/blowing 
by traps via a condensate return line (36.3%) 

𝐻𝐻𝑇𝑇𝐻𝐻𝑡𝑡𝑡𝑡    = hours per year that a trap is pressurized and operating 

100,000    = therms per Btu conversion 

𝜂𝜂    = boiler plant efficiency (80%) 

The evaluated savings resulted from the repair of failed steam traps is 7,302 therm/year.  

2.4.3 Cross-check with utility billing data 
Because the gas usage on site was impacted by the COVID-19 pandemic, the project was evaluated using base + add on 
#1 (on-site verification) and thus, billing analysis is not applicable. 
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3 FINAL RESULTS 
The project consisted of repairing preexisting failed steam traps at a K-12 school. The evaluators calculated the project 
savings using the revised Steam Trap Savings tool. The evaluated savings are higher than the savings reported by the 
applicant. The parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Baseline Applicant Evaluator 
Total number of in-service steam traps 52 52 
Impacted system Existing boiler and steam distribution 

system with 50% of traps (26 traps) 
failed. 

Existing boiler and steam distribution 
system with 100% of traps (52 traps) 

failed. 
Steam trap status 16 leaking and 10 blowing by 33 leaking, 14 blowing by, and 5 

plugged 
Boiler plant efficiency 80% 80% 
Steam trap orifice size ¼ inches ¼ inches 
Steam trap operating pressure 7.2 psig 7.2 psig 
Steam trap operating hours 2,525 2,525 
Discharge coefficient 70% 70% 
Condensate return factor 36.30% 36.30% 
Leak factor 36.9% 26% for leaking traps, 55% for 

blowing for blowing by traps 
As-Built Applicant Evaluator 
Total number of repaired traps 52 52 
Impacted system Existing boiler plant and steam 

distribution system with 52 operational 
steam traps 

Existing boiler plant and steam 
distribution system with 52 

operational steam traps 

Boiler plant efficiency Same as applicant’s baseline Same as evaluator’s baseline 
Steam trap orifice size Same as applicant’s baseline Same as evaluator’s baseline 
Steam trap operating pressure Same as applicant’s baseline Same as evaluator’s baseline 
Steam trap operating hours Same as applicant’s baseline Same as evaluator’s baseline 
Savings 

  

Annual natural gas savings (therms) 4,368 7,302 
Natural gas realization rate 167% 

3.1 Explanation of differences 
The evaluated savings are higher than the tracked savings due to the difference in baseline failure rate, savings estimation 
methodology, and steam trap operating hours and pressure. Table 3-2 provides a summary of the differences between 
tracking and evaluated values. 
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Table 3-2. Summary of deviations 
End-
use Discrepancy Parameter 

Impact of 
Deviation Discussion of Deviations 

HVAC Measure size 
or quantity 

Number of failed 
steam traps 

+75% Increased savings ‒ The evaluators calculated measure 
accounting for all 52 repaired traps, while the applicant 
included only 26 traps repaired traps in the tracking savings 
calculations. 

HVAC Analysis 
methodology 

Steam trap 
savings 
approach 

-8% Decreased savings ‒ The evaluators calculated measure 
savings using the revised Steam Trap Savings tool, while the 
applicant used deemed savings methodology. 

3.2 Lifetime savings 
Based on the on-site findings and recommendations provided by the BAG, the evaluator classified this measure as a retrofit 
with single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐿𝐿𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐸𝐸𝐸𝐸  × [ 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐸𝐸𝐸𝐸 − 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐸𝐸𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐿𝐿𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐸𝐸𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝐸𝐸𝐸𝐸𝐸𝐸 (years) 

OYF = 100% for this single baseline measure. 

The evaluated lifetime savings are higher than the tracking lifetime savings because the evaluated first year savings are 
higher than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-3. Measure NR181355 - Lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 26,208 43,812 N/A 
First year savings (therms) 4,368 7,302 +67% 
Measure lifetime (years) 6 6 0% 
Measure life reference Project BCR MA TRM N/A 
Measure event type Retrofit Retrofit N/A 
Baseline classification Single – preexisting Single – preexisting N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A N/A N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts claimed for this project. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at a departmental research building on a university campus with offices, labs, and 
support spaces. The evaluated measure installed insulation on bare steam, condensate, and feedwater piping and 
associated fittings and on a condensate and feedwater tank in the unconditioned boiler room.  

The evaluation approach is Base + Add-on#3 (on-site M&V) because COVID did not impact the operation of the steam 
system and the site was able to accommodate a site visit. 

This applicant classified the measure as a retrofit with bare pipes as the single baseline and calculated its impacts using 
3EPlus. Based on the information gathered during the site visit, the evaluator classified the measure as an add-on with 
single baseline. The measure has a single baseline because the measure life of the installed pipe insulation (15 years) is 
less than 2/3 of the life of the steam distribution system (25 years). The evaluator used the same baseline as the applicant 
and calculated the measure impacts using the same algorithm as the applicant. 

The evaluator identified operating condition, run-time, and efficiency discrepancies, which resulted in an increase in savings 
compared to the tracking estimate. The evaluation results are presented in table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 

Measure 
Life 

(years) 

Lifetime 
Savings 
(Therms) 

MA19P00004360 Pipe Insulation Tracked 2,196 15 32,940 

Evaluated 3,675 15 55,125 
Realization rate 167% N/A 167% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are 167% of the applicant-reported savings primarily due to three factors. First, the boiler operating 
hours were found to be greater than assumed by the applicant. Second, there was an error by the PA when calculating tank 
area. Third, the applicant’s calculations did not take the boiler’s combustion efficiency into account. Finally, there was a 
discrepancy between the applicant’s assumed process temperature in the pipe and the ambient space temperature, which 
results in a decreased heat loss in the baseline, negating some of the other increases in savings. Further details regarding 
deviations from the tracked savings are presented in Section 3.1. 

1.2 Recommendations for program designers and implementers 
The evaluation team recommends that the implementers include documentation or pictures of the pre-existing bare piping in 
order to verify the baseline conditions. In addition, the applicant should specify whether the piping being insulated is steam, 
hot water, condensate, feedwater, or other.   

1.3 Customer alert 
There is no relevant customer alert. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project considered the insulation of approximately 160 linear feet of bare piping, as well as 109 ft2 of fittings and tanks, 
shown below in Table 2-1. 

 
Table 2-1. Piping and Tank Dimensions 

Component Diameter (Inches) Length (ft) Area (ft²) 

Piping 

1.5 53 N/A 
1 35 N/A 

0.75 12 N/A 
4 3 N/A 
8 3 N/A 
2 31 N/A 

0.75 7 N/A 
1.5 16 N/A 

Tanks/fittings 

Feedwater tank N/A 73 
4” flanged pairs N/A 13 
4’ bland flange N/A 2 

Condensate tank N/A 21 

N/A = Not applicable 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. The applicant savings calculations includes both 
calculations completed by the installing vendor and by the program administrator. The tracked savings is calculated as the 
average of the vendor and the program administrator savings. The sections describe each set of calculations and how they 
are used to arrive at the tracking savings. 

2.2 Applicant description of baseline 
The baseline is the boiler room heating system piping, fittings, and tanks not having any insulation. Table 2-2 presents the 
main parameters of the baseline as defined by the vendor. 

Table 2-2. Applicant baseline summary 
Operation Description Value 
Average operating hours 5,100 
Linear feet of piping 160 
Square feet of fittings and condensate tanks 109 
Baseline heat loss (kBTU) 255,170 
Boiler efficiency 100% 

The Program Administrator (PA) also provided calculations for this measure. The PA assumed the same baseline of bare 
piping as the vendor, but the calculations convert the piping length, fitting and condensate tank area to equivalent length of 
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4” piping for the savings calculations; therefore, there are different baseline inputs. Table 2-3 presents the main parameters 
of the baseline as defined by the PA. 

Table 2-3. PA baseline summary 
Operation Description Value 
Average operating hours 5,100 
Equivalent 4” ID pipe component length (ft) 114.6 
Baseline heat loss (kBTU) 184,865 
Boiler efficiency 80% 

2.2.1 Applicant description of installed equipment and operation 
The applicant considered the installed case as the baseline heating system with added insulation. The insulation type and 
thickness varied by component.  

2.2.2 Applicant energy savings algorithm 
The vendor’s calculations used 3E Plus to find the base and proposed case heat flows. The system inputs included a 
process temperature of 195°F, which was intended to represent the average of the different pipe temperatures in the space. 
The vendor noted that their audit had not identified whether each piping section was steam or condensate, so an estimated 
average temperature was used. An ambient temperature of 75°F was also used. Pipe heat loss was modelled using the 
“pipe-horizontal” system application, and tank heat loss was modelled using the “Tank Shell-Horizontal” application. The 
nominal pipe size, insulation type, and insulation thickness varied with each section of piping. 

From the base and insulated heat flows, a one-line calculation per section of piping or tank area was used to find the annual 
savings for each pipe or tank and fittings section, as seen in the equations below. 

Pipe Savings =
Hours × Length × [HL𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵 − 𝐻𝐻𝐻𝐻𝑃𝑃𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵]

100,000
 

where, 

Pipe Savings = measure impacts calculated by the PA for piping sections (therms/year) 

Hours  = annual hours the impacted pipes and fixtures are energized (5,100 hours/year) 

Length  = length of impacted pipe sections (ft) 

HL𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵  𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵 = modelled heat loss in the baseline case – bare pipes/fixtures (Btu/ft × hr) 

HL𝑃𝑃𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵 = modelled heat loss in the proposed case – insulated pipes/fixtures (Btu/ft × hr) 

100,000  = conversion factor (Btu to therm) 

and 

Tank and Fittings Savings =
Hours × Surface Area × [HL𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑇𝑇𝐵𝐵𝑇𝑇𝑇𝑇 − 𝐻𝐻𝐻𝐻𝑃𝑃𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵𝑃𝑃 𝑇𝑇𝐵𝐵𝑇𝑇𝑇𝑇]

100,000  

where, 

Tank and Fittings Savings = measure impacts calculated by the PA for tank and fittings sections (therms/year) 

Hours  = annual hours the impacted pipes and fixtures are energized (5,100 hours/year) 
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Surface Area = surface area of impacted tank and fittings sections (ft²) 

HL𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑇𝑇𝐵𝐵𝑇𝑇𝑇𝑇 = modelled heat loss in the baseline case – bare tanks/fittings (Btu/ft² × hr) 

HL𝑃𝑃𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵𝑃𝑃 𝑇𝑇𝐵𝐵𝑇𝑇𝑇𝑇 = modelled heat loss in the proposed case – insulated pipes/fixtures (Btu/ft² × hr) 

100,000  = conversion factor (Btu to therm) 

The PA used a similar method to the applicant with an identical steam and ambient temperature, but also included a boiler 
efficiency. The PA used the National Mechanical Insulation Committee (NMIC) Energy Calculator for Horizontal Piping online 
tool. The NMIC calculator has inputs for pipe diameter and length and outputs in Btu/hr. The NMIC calculator provides the 
same btu/hr/ft heat loss values as 3E Plus for horizontal piping. The length of piping input is determined by converting the 
total piping and tank area to an equivalent length of 4” diameter piping, as shown in the equation below. 

Equivalent Length (𝑓𝑓𝑓𝑓) =
Equivalent Area (𝑓𝑓𝑓𝑓2)

𝜋𝜋 × 0.375 (𝑓𝑓𝑓𝑓)
  

where, 

0.375 ft   = outer diameter of a 4” nominal pipe 

Equivalent Area  = the equivalent area for each piping section was calculated as in the equation below: 

Equivalent Area (𝑓𝑓𝑓𝑓2) =
D (𝑓𝑓𝑓𝑓)

12 × 𝜋𝜋 × length (𝑓𝑓𝑓𝑓) 

where, 

D (𝑓𝑓𝑓𝑓)  = outer diameter of each section of pipe 

length (𝑓𝑓𝑓𝑓) = total equivalent length of 114.6 ft 

The PA’s equivalent length input was found after calculating an equivalent area of 135 ft². This area was found by assuming 
that the tank surface input was in linear feet of 1.5” nominal piping (1.9” outer diameter) and converting the value to tank 
area using the equivalent area formula; however, the tank surface input was provided by the vendor already in square feet. 
The results of this calculation for each pipe section are shown below in Table 2-4. 
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Table 2-4. PA Equivalent 4" Pipe Calculations 

Component 
Nominal 
Diameter 
(Inches) 

Outer 
Diameter 
(Inches) 

Length (ft) Area (ft²) PA Converted 
Area (ft²) 

Piping 

1.5 1.90 53 N/A 26.3 
1 1.30 35 N/A 11.9 

0.75 1.05 12 N/A 3.3 
4 4.50 3 N/A 3.5 
8 8.63 3 N/A 6.8 
2 2.38 31 N/A 19.3 

0.75 1.05 7 N/A 1.9 
1.5 1.90 16 N/A 8 

Tanks/fittings 

N/A N/A N/A 73 36.3 
N/A N/A N/A 13 6.5 
N/A N/A N/A 2 1.0 
N/A N/A N/A 21 10.4 

N/A = Not applicable 



 
Page 7 of 18 
 

DNV  –  www.dnv.com June 25, 2021 Page 7 
 

The PAs calculations are shown in the equation below: 

Savings =
Hours × �HL𝐵𝐵𝐵𝐵𝑃𝑃𝐵𝐵𝐵𝐵𝑃𝑃𝑇𝑇𝐵𝐵 − HL𝑃𝑃𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵𝑃𝑃�

Eff𝑏𝑏𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵 × 100,000  

where, 

Savings  = measure impacts calculated by the PA (therms/year) 

Hours  = annual hours the impacted pipes and fixtures are energized (5,100 hours/year) 

HL𝐵𝐵𝐵𝐵𝑃𝑃𝐵𝐵𝐵𝐵𝑃𝑃𝑇𝑇𝐵𝐵 = modelled heat loss in the baseline case – bare pipes/fixtures (Btu/hr) 

HL𝑃𝑃𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵𝑃𝑃 = modelled heat loss in the proposed case – insulated pipes/fixtures (Btu/hr) 

Eff𝑏𝑏𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵  = heating plant annual efficiency (80%) 

100,000  = conversion factor (Btu to therm) 

A comparison of the applicant and PA savings calculations inputs is shown below in Table 2-5. The presented tracked 
savings are an average of the vendor and PA savings.  

Table 2-5. Applicant and PA inputs 
Input Vendor PA 
Process temperature 195°F 195°F 
Ambient temperature 75°F 75°F 
Average wind speed 0 mph 0 mph 
Piping Area 81 ft2 81.0 ft2 
Tank Area 109 ft2 54.2 ft2 
Operating hours 5,100 5,100 
Boiler efficiency 100% 80% 
Gas savings 2,345 therms 2,048 therms 
Tracked savings 2,196 therms 

2.2.3 Evaluation assessment of applicant methodology 
The evaluator mostly agrees with the methodology used by both the applicant and the PA. However, the applicant 
underestimated the savings by incorrectly assuming a boiler efficiency of 100%. The PA incorrectly interpreted the tanks and 
fittings areas as linear feet, and then converted those to square feet.  

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 
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2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on March 17 and July 21, 2021. During the site visits, the evaluators interviewed the 
site contact and verified the insulation on the piping, fittings, and tanks. A summary of the on-site verification is provided in 
Table 2-6. 

Table 2-6. Measure verification 
Measure Name Verification Method Verification Result 
Piping and condensate tank 
insulation 

On-site visual inspection Both insulation type and thickness matched project 
description. 

The site contact confirmed the impacted piping serves only one building and that the steam system is operational year-round 
with loads that vary seasonally. In the summer, the steam boilers are used for reheat after dehumidification in specialty 
spaces, and for providing hot water for cage washing. The boiler is enabled and disabled based on steam pressure setpoints 
of 8.5 psi and 12.5 psi, respectively. 

2.3.2 Measured and logged data 
The evaluator metered the temperature of the steam piping surface temperature underneath the insulation and the ambient 
space temperature in the boiler room for a total of 6 weeks. The boiler combustion efficiency was measured during the 
March 17 site visit using a combustion analyser. Spot temperature readings were also taken at the time of the first and 
second site visit using a FLIR thermal imaging camera in order to confirm the accuracy of the 6-week data and find the 
individual feedwater and condensate process temperatures. The metering parameters are shown in Table 2-7 below. 

Table 2-7. Data logger deployment details 
Data Logger Type Parameter Time Interval Duration Quantity 
HOBO UX100-014M thermocouple Steam pipe temperature 10 minutes 6 weeks 1 
HOBO U12 Temperature/RH with 2 
external channels 

Ambient boiler room temperature 10 minutes 6 weeks 1 

Combustion analyzer Boiler combustion efficiency Spot reading Spot reading 1 
FLIR thermal imaging camera Condensate and feedwater 

temperature 
Spot reading Spot reading 1 

It was found through spot metering that condensate from the steam system at 118°F is pumped to a feedwater tank, where it 
mixes with makeup water and is heated to 187°F before it is supplied back to the boilers. Table 2-8 summarizes the results 
of the metered data. 

Table 2-8. Metered data results 
Parameter Duration Average Value 
Steam pipe temperature Spot 235°F 
Steam pipe temperature 6 weeks 238.3°F 
Ambient temperature Spot 72°F 
Ambient temperature 6 weeks 79.2°F 
Boiler efficiency Spot 85.5% 
Condensate temperature Spot 118°F 
Feedwater temperature Spot 187°F 

Plots of ambient temperature vs time and steam pipe temperature vs time are shown in Figure 2-1 and Figure 2-2 below. 
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Figure 2-1. Metered ambient temperature vs time 

 

Figure 2-2. Metered steam pipe temperature vs time 
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2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator reviewed the project files and interviewed the site contact and the installing vendor to gather information on 
the baseline. The evaluator determined the insulation measure to be an add-on with a single baseline as the installed 
measure life is less than 2/3 of the life of the underlying steam distribution system. The evaluator agrees with the applicant 
baseline of bare piping and tanks.  

The site contact was not directly involved with this project, so he was not aware of the pre-retrofit condition of the piping. The 
evaluator contacted the installing vendor, who stated that the existing piping was bare. The vendor stated that their 
recollection was that the piping was bare, and that their proposal did not charge a fee for insulation removal like it would 
typically have if there was existing insulation. The evaluator confirmed that the vendor’s proposal did not include insulation 
removal in the scope of work. 

2.4.2 Evaluation calculation method 
The evaluator used an approach similar to the applicant. The evaluator used 3E Plus to find the heat loss for different pipe, 
fitting, and tank sections in both the baseline and proposed case. The parameters of the 3E Plus runs were changed based 
on the metered data and information acquired on the site visit. 

The average steam piping surface temperature over the six-week period was calculated and used for the steam 
temperature. Figure 2-3 shows the average steam pipe surface temperature as a function of the outside air temperature. 
The curved fit has an R2 value of 0.0272, which shows that there is no dependence between the surface temperature and 
outside air temperature. Therefore, the evaluator used the average of this data to represent all hours. 

Figure 2-3. Steam piping surface temperature versus outdoor air temperature 

 

The average space ambient temperature was found to be 79.2°F and was used by the evaluator for all hours. 
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 The average feedwater and condensate temperatures were found through spot metering, and were 187°F and 118°F, 
respectively. The piping throughout the boiler room was not labelled, so the evaluator was not able to determine the lengths 
of each piping type (steam, condensate or feedwater) that was insulated as part of this project. Also, this project only 
consisted of insulating a portion of the boiler room piping, which was previously bare, and the evaluator was not able to 
determine which section of piping were insulated as part of this project and which sections were previously insulated. The 
evaluator observed that the majority of piping likely consisted of feedwater or condensate. Therefore, the evaluator assumed 
1/3 of the piping insulated as part of this project was steam, 1/3 was feedwater, and 1/3 was condensate. This results in a 
blended process temperature of 181°F for all pipes and flanges.  

Two tanks were each found to consist of condensate and feedwater, with the larger tank in the applicant’s analysis 
determined to be feedwater, and the smaller condensate.   

The run hours of the steam system were calculated using the metered data and monthly bill data (see Section 2.4.3). The 
metered data shows that the steam pipe surface temperature was hot during the entire metering period. The monthly bill 
data and the customer interview indicates that the boilers are operational year-round. Additionally, during the evaluators July 
site visit the boilers were observed to still be running. Based on the metered data, observations, and billed consumption, the 
evaluator determined the impacted steam segments are energized for 8,760 hours per year. 

With these inputs found, 3E Plus was used to find the heat loss in each section of pipe, fitting, or tank. The same pipe sizes 
and insulation parameters were used as by the applicant, since this data was verified during the evaluator’s site visits. 
3E Plus calculated heat loss in BTU/hr/ft for linear piping assuming horizontal piping and in BTU/hr/ft2 for tanks and fittings 
assuming tank shell, horizontal. This data was converted to annual therms using the following equations: 

Pipe Savings =
Hours × Length × [HL𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵 − 𝐻𝐻𝐻𝐻𝑃𝑃𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵]

100,000 ×  Eff𝐵𝐵𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵
 

where, 

Pipe Savings = measure impacts calculated by the PA for piping sections (therms/year) 

Hours  = annual hours the impacted pipes and fixtures are energized (hours/year) 

Length  = length of impacted pipe sections (ft) 

HL𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵  𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵 = modelled heat loss in the baseline case – bare pipes/fixtures (Btu/ft × hr) 

HL𝑃𝑃𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵 = modelled heat loss in the proposed case – insulated pipes/fixtures (Btu/ft × hr) 

100,000  = conversion factor (Btu to therm) 

Eff𝐵𝐵𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵  = efficiency of boiler (85.5%) 

 

and 

Tank and Fittings Savings =
Hours × Surface Area × [HL𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑇𝑇𝐵𝐵𝑇𝑇𝑇𝑇 − 𝐻𝐻𝐻𝐻𝑃𝑃𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵𝑃𝑃 𝑇𝑇𝐵𝐵𝑇𝑇𝑇𝑇]

100,000  

where, 

Tank and Fittings Savings = measure impacts calculated by the PA for tank and fittings sections (therms/year) 



 
Page 12 of 18 
 

DNV  –  www.dnv.com June 25, 2021 Page 12 
 

Surface Area = surface area of impacted tank and fittings sections (ft²) 

HL𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝑇𝑇𝐵𝐵𝑇𝑇𝑇𝑇 = modelled heat loss in the baseline case – bare tanks/fittings (Btu/ft² × hr) 

HL𝑃𝑃𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐵𝐵𝑃𝑃 𝑇𝑇𝐵𝐵𝑇𝑇𝑇𝑇 = modelled heat loss in the proposed case – insulated pipes/fixtures (Btu/ft² × hr) 

100,000  = conversion factor (Btu to therm) 

Eff𝐵𝐵𝑃𝑃𝑃𝑃𝐵𝐵𝐵𝐵𝐵𝐵 = efficiency of boiler (85.5%). Table 2-9 summarizes the 3E Plus inputs and resultant heat losses 
as calculated by the evaluator.  

Table 2-9. Evaluator 3E Plus inputs and heat loss results 
Operation Description Value 
Average operating hours 8,760 
Linear feet of piping 160 
Square feet of fittings and condensate tanks 109 
Blended process temperature (°F) 181°F 
Condensate tank temperature 118°F 
Feedwater tank temperature 187°F 
Ambient temperature (°F) 79.2 
Boiler efficiency 85.5% 
Baseline heat loss (kBTU) 748,008 
Insulated heat loss (kBTU) 57,157 

Based on these calculations and the above equations, the evaluator found the measure to save 3,675 therms, a value 167% 
that of the tracked savings. 

The evaluator also attempted to calculate savings by attributing specific temperatures to individual sections of pipe, based 
on what was observed on the site visits. Runs of piping that were called out to have an elbow every couple of feet were 
determined to operate at a blend of the condensate and feedwater temperatures. Straighter runs of pipe were assumed to 
be steam. Flanges were set to operate at the blended process temperature of 181°F. The tanks were determined to operate 
at either the feedwater or condensate temperature. The larger tank called out by the applicant was observed to be the 
feedwater tank, and the smaller one condensate. This is summarized below in Table 2-10.  
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Table 2-10. Process temperature summary 

Component 
Nominal 
Diameter 
(Inches) 

Outer 
Diameter 
(Inches) 

Length (ft) Area (ft²) Process Description 
Process 

Temperature 
(°F) 

Piping 

1.5 1.90 53 N/A Condensate/feedwater 152.5 
1 1.30 35 N/A Condensate/feedwater 152.5 

0.75 1.05 12 N/A Steam 238.3 
4 4.50 3 N/A Steam 238.3 
8 8.63 3 N/A Steam 238.3 
2 2.38 31 N/A Condensate/feedwater 152.5 

0.75 1.05 7 N/A Steam 238.3 
1.5 1.90 16 N/A Steam 238.3 

Tanks/fittings 

N/A N/A N/A 73 Feedwater 187 
N/A N/A N/A 13 Condensate/feedwater/steam 181 
N/A N/A N/A 2 Condensate/feedwater/steam 181 
N/A N/A N/A 21 Condensate 118 

N/A = Not applicable 

These inputs were then used with 3E Plus in an identical fashion to the original evaluator methodology. This resulted in a 
savings of 3,649 therms, a less than 1% difference from the 3,675 therms determined using the original methodology. This 
gives further credence to the evaluated savings amount.   

2.4.3 Cross-check with utility billing data 
According to the site contact, the facility has not implemented any other natural gas savings project between January 2017 
and May 2021. The evaluators checked the evaluated results against a billing analysis to ensure the evaluated savings are 
within an acceptable range. The evaluators included the natural gas consumption billed during the following periods: 

• February 1, 2017 to October 30, 2019 – baseline consumption 
• November 1, 2019 to May 27, 2021 – post-installation consumption 
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Figure 2-4 shows the total gas consumption at the site and the monthly heating degree days, which have 60°F as the base 
temperature. 

Figure 2-4. Pre- and post-installation monthly consumption and HDDs 

  

The minimum monthly usage is 3,270 therms in July 2020, which corroborates that the facility runs the boilers year-round. 
Figure 2-5 compares the monthly consumption pre-installation and post-installation to the monthly heating degree days. 

Figure 2-5. Baseline and as-built correlation with degree hours 
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The weather normalized monthly billing analyses are presented below in Table 2-10. 

Table 2-11. Billing analysis results 

Month Days HDD-TMY3 Weather Normalized -
Baseline 

Weather Normalized – As-
Built 

Savings 
(Therms) 

1 31 29,936 10,875 10,645 230 
2 28 23,385 9,233 9,051 181 
3 31 20,517 8,514 8,354 160 
4 30 12,214 6,432 6,333 98 
5 31 3,191 4,170 4,138 32 
6 30 471 3,488 3,476 12 
7 31 0 3,370 3,362 8 
8 31 273 3,438 3,428 10 
9 30 1,890 3,844 3,822 22 
10 31 7,939 5,360 5,293 67 
11 30 15,360 7,221 7,099 122 
12 31 23,139 9,171 8,992 179 
Total 365 138,314 75,114 73,993 1,121 

The pre-installation weather-normalized gas consumption decreased by 1,121 therms/yr. This reduction is smaller than the 
evaluated savings and is likely due to operational variations at the site. 
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3 FINAL RESULTS 
The project consisted of installing insulation on bare piping, fittings, and tanks on a university campus. This included 160 ft 
of various sized linear piping and 109 ft2 of tanks and fittings. The evaluator calculated savings are greater than the tracked 
values. Table 3-1 summarizes the key parameters used to calculate the energy savings for the measure.   

Table 3-1. Summary of key parameters 
Parameter Applicant PA Evaluator 
Average operating hours 5,100 5,100 8,760 
Linear feet of piping (ft) 160 N/A 160 

Surface area of fittings and tanks (ft2) 109 N/A 109 

Equivalent component surface area (ft²) N/A 135 190 

Equivalent 4” ID pipe component length (ft) N/A 114.6 N/A 

Steam temperature (°F)   238.3 
Feedwater temperature (°F)   187 
Condensate temperature (°F)    118 
Process temperature (°F) 195 195 181 
Ambient temperature (°F) 75 75 79.2 
Boiler efficiency 100% 80% 85.5% 
Savings 

 
 

 

Annual natural gas savings (therms) 2,345 2,048 3,675 
Natural gas realization rate  167% 

3.1 Explanation of differences 
The evaluated savings are greater than the tracked savings, due to the hours of operation, PA tank area calculation and 
boiler efficiency. The modified process temperatures negate some of these savings increases, Table 3-2 provides a 
summary of the differences between tracking and evaluated values. 
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Table 3-2. Summary of deviations 
End-
use Discrepancy Parameter Impact of 

Deviation Discussion of Deviations 

HVAC Pre-project 
errors (inputs 
or calculations) 

Operating 
hours 

64% Increased Savings – The evaluators determined the distribution 
segments impacted by the measure are energized year-round as 
opposed to 5,100 hours/year value that was used in the tracking 
savings calculations. 

HVAC Measure size 
or quantity 

Tank area 17% Increased Savings – The evaluators adjusted the equivalent 
pipe area to 190 ft² from 135 ft² as calculated by the PA.  

HVAC Pre-project 
errors (inputs 
or calculations) 

Boiler 
efficiency 

5% Increased Savings – Spot metering on the boiler by the 
evaluators revealed a combustion efficiency of 85.5%, as 
compared to 100% efficiency used by the vendor and 80% 
efficiency used by the PA in the tracked savings.  

HVAC Pre-project 
errors (inputs 
or calculations) 

Steam and 
ambient 
temperature 

-19% Decreased Savings – The evaluators found that steam pipes 
operated at 238°F, condensate pipes and tanks operated at 
118°F, and feedwater pipes and tanks operated at 187°F, for an 
average temperature of 181°F. This is in comparison to the 195°F 
used by the vendor. The metered data also showed an ambient 
temperature of 79.2°F, which was increased from the value of 
75°F used to calculate the tracked savings. 

3.2 Lifetime savings 
The evaluator determined the insulation measure to be an add-on with a single baseline as the installed measure life is less 
than 2/3 of the life of the underlying steam distribution system. 

The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐻𝐻𝐿𝐿𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝐸𝐸𝐵𝐵𝐸𝐸𝐵𝐵𝑃𝑃 = 𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝐸𝐸𝐵𝐵𝐸𝐸𝐵𝐵𝑃𝑃  × [ 𝑅𝑅𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝐸𝐸𝐵𝐵𝐸𝐸𝐵𝐵𝑃𝑃 +  OYF ×  (𝐸𝐸𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝐸𝐸𝐵𝐵𝐸𝐸𝐵𝐵𝑃𝑃 − 𝑅𝑅𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝐸𝐸𝐵𝐵𝐸𝐸𝐵𝐵𝑃𝑃)]  

where: 

𝐻𝐻𝐿𝐿𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝐸𝐸𝐵𝐵𝐸𝐸𝐵𝐵𝑃𝑃   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝐸𝐸𝐵𝐵𝐸𝐸𝐵𝐵𝑃𝑃   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝐸𝐸𝐵𝐵𝐸𝐸𝐵𝐵𝑃𝑃 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

𝑅𝑅𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝐸𝐸𝐵𝐵𝐸𝐸𝐵𝐵𝑃𝑃   = 1/3 of 𝐸𝐸𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝐵𝐵𝐵𝐵𝐸𝐸𝐵𝐵𝐸𝐸𝐵𝐵𝑃𝑃 (years) 

OYF = 100% for single-baseline measures. This factor accounts for dual-baseline 
impacts. 

The evaluated lifetime savings are greater than the tracking lifetime savings because the evaluated first year savings are 
greater than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 
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Table 3-3. Measure MA19P00004360 - Lifetime savings summary 
Factor Tracked Evaluator Impact of Deviation 
Lifetime savings (therms) 32,940 55,125 N/A 
First year savings (therms) 2,196 3,675 167% 
Measure lifetime (years) 15 15 0% 
Measure life reference Tracking MA TRM N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operational N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There were no ancillary impacts associated with the evaluated measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated measures were installed at two commercial facilities. Both buildings have five floors with offices, labs, and 
conference spaces occupied by various tenants. The evaluated measures are: 

• MA19P00003457: ECM-1 – Energy Recovery on Laboratory RTUs – consisted of installing an energy recovery coil 
on RTUs 1,2, and 3 that serve the laboratory areas at building #1. Energy savings are achieved because of utilizing 
the waste heat from exhaust air to preheat the supply air, which will reduce the heating supply load. 

• MA19P00003457: ECM-2 – High Efficiency Boilers – consisted of installing eight 91% efficient, 4,000 MBH output 
hot water boilers at building #1. Energy savings are achieved because of the higher efficiency of installed boilers. 

• MA19P00005700: ECM-1 – High Efficiency Boilers – consisted of installing four 95% efficient, 3,000 MBH output 
hot water boilers at building #2.  Energy savings are achieved because of the higher efficiency of installed boilers. 

The evaluator had an initial interview with the site contact, Executive Director of Facilities Services, and learned the contact 
is present on-site and the facility does not have restrictions associated with the visit. Based on the information provided by 
the site contact, this site was impacted by the pandemic. Therefore, the evaluator proposed this site to be evaluated using 
Base + Add-on#1 – on-site verification method. 

The applicant classified the project as a new construction with and industry standard practice (ISP) baseline. The ISP used 
by the applicant was defined by ASHRAE 90.1‐2013. The applicant analyzed the project savings using eQUEST simulation 
software for all three measures. The applicant modelling files were included along with the output files. The evaluator 
reviewed the applicant’s eQUEST model input files and found the modelling methodology and inputs appropriate. The 
evaluators classified the project as a lost opportunity measure with an ISP baseline. The ISP used by the evaluator was 
defined by IECC 2015 since it has similar minimum requirement as AHRAE 90.1 2013. The evaluator ran the modelling files 
used by the applicant to calculate the tracking savings and achieved slightly greater results. The evaluation results are 
presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 
Measure Life 

(years) 
Lifetime Savings 

(Therms) 
MA19P00003457 Building #1 – 

Energy recovery on 
laboratory RTUs 

Tracked 109,461 15 1,641,915 

Evaluated 109,901 15 1,648,515 
Realization rate 100% N/A 100% 

MA19P00003457 Building #1 – High 
efficiency boilers 

Tracked 14,338 25 358,450 

Evaluated 14,397 25 359,925 

Realization rate 100% N/A 100% 

MA19P00005700 Building #2 – High 
efficiency boilers 

Tracked 2,933 25 73,325 

Evaluated 2,924 25 73,100 

Realization rate 100% N/A 100% 

Totals  Tracked 126,732 N/A 2,073,690 
Evaluated 127,222 N/A 2,081,540 
Realization rate 100.4% N/A 100.4% 
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1.1 Explanation of deviations from tracking 
The evaluated savings are almost same (+0.4% if considering the decimal rounding) as the applicant-reported savings. The 
minor discrepancy is due to the differences on building analysis simulation engine in eQUEST (tracking eQUEST used DOE-
2.2-48z version and evaluation is DOE-2.2-50a). Further details regarding deviations from the tracked savings are presented 
in Section 3-2. 

1.2 Recommendations for program designers and implementers 
 The evaluator recommends the implementers follow up with the customer to investigate why the hot water supply 
temperature is higher than expected by the TA model and to encourage the customer to lower the hot water supply 
temperature in both buildings and lower the outdoor reset temperature in Building #2 if feasible. This is because the 
evaluators found discrepancy on hot water supply and return temperature setpoint between applicant saving and on-site 
findings (control sequence from BAS screenshot). 

1.3 Customer alert 
There are no customer alerts for this project. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

This project consisted of the installation of energy recovery coils on laboratory RTUs, high efficiency boilers at Building #1 
and high efficiency boilers at Building #2. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
According the savings analysis file provided by the applicant, the applicant classified all measures as new construction with 
ISP baselines. The applicant baselines are based on ASHRAE 90.1 2013 code requirements and the key information on 
applicant baselines are listed in Table 2-1 below. 

Table 2-1. Applicant baseline summary   
Building Number Operation Description Value 

Building #1 

Recover exhaust on RTU-1, 2, 3 No energy recovery  
Type of boiler Non-condensing boiler 
Number of boilers 8 
Boiler efficiency at full load 82% 
Supply hot water temperature  180°F 
Return hot water temperature  130°F 

Building #2 

Type of boiler Non-condensing boiler 
Number of boilers 4 
Boiler efficiency at full load 82% 
Supply hot water temperature  180°F 
Return hot water temperature  140°F 

Building #1 and #2 

Occupied schedule Monday through Friday from 7:00 to 18:00 
Occupied schedule heating temperature setpoint 70°F 

Unoccupied schedule Monday through Friday from 18:00 to 7:00, 
and Saturday and Sunday 

Unoccupied schedule heating temperature setpoint 64°F 
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2.2.1 Applicant description of installed equipment and operation 
The proposed installed equipment and operation are listed as Table 2-2 below. 

/Table 2-2. Applicant proposed summary 
Building Number Operation Description Value 

Building #1 

Recover exhaust on RTU-1, 2, 3 Energy recovery coil with 
effectiveness of 0.41 

Type of boiler Condensing boiler 
Number of boilers 8 
Boiler efficiency at full load 91% 
Supply hot water temperature 150°F 
Return hot water temperature 120°F 

Building #2 

Type of boiler Condensing boiler 
Number of boilers 4 
Boiler efficiency at full load 95% 
Supply hot water temperature 153°F 
Return hot water temperature 123°F 

All the other operational parameters of two buildings were considered same as the baseline. 

2.2.2 Applicant energy savings algorithm 
Both applicant and evaluated approaches utilized eQUEST simulations using on-site findings and assumptions to determine 
a variety of building types and components including complex building geometry, lighting systems, HVAC systems, central 
plant equipment, and utility rate structure. The eQUEST model was compiled using information obtained from MEP drawings 
and assumed anticipated use schedules for the facility provided from customer. Boston weather data (in TMY3 format) was 
used in the analysis. 

Two separate models were developed for building #1 (MA19P00003457) and building #2 (MA19P00005700). For building #1 
(MA19P00003457), ECM-1 was evaluated against the baseline, and ECM-2 was run against the ECM-1, resulting in a 
cascading model such that the final model is also the combined run. 

The boiler efficiency in eQUEST was converted into Energy Input Ratio (EIR) following the equation below: 

𝐸𝐸𝐸𝐸𝐸𝐸 =
1

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵 𝐸𝐸𝐸𝐸𝐸𝐸𝐵𝐵𝐸𝐸𝐵𝐵𝐵𝐵𝐸𝐸𝐸𝐸𝐸𝐸
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Table 2-3 shows the key parameter comparison between baseline and proposed eQUEST model: 

Table 2-3. Key Parameters Comparison 
PA Application ID Measure Name Parameter Baseline Input Proposed Input 

MA19P00003457 Building #1 – Energy recovery 
on laboratory RTUs 

Recover exhaust on 
RTU-1, 2, 3 No Yes 

Effectiveness = 0.41 

MA19P00003457 Building #1 – High efficiency 
boilers 

Boiler efficiency (EIR) 1.22 
(1/82%) 

1.0989 
(1/91%) 

Supply hot water 
temperature °F 180 150 

Return hot water 
temperature °F 130 120 

MA19P00005700 Building #2 – High efficiency 
Boilers 

Boiler efficiency (EIR) 1.22 
(1/82%) 

1.0526 
(1/95%) 

Supply hot water 
temperature °F 180 153 

Return hot water 
temperature °F 140 123 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The evaluator found the applicant’s analysis methodology appropriate for all three measures.  

2.3 On-site inspection 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The site contact indicated that it was safe to visit the site and preferred on-site verification of the project scope. Due to the 
pandemic impact on the facility, the evaluator conducted an in-person site visit without metering and gathered information for 
updating non-operational parameters only.  

The evaluator conducted the site visit on May 26, 2021 and interviewed the Executive Director of Facilities Services to 
confirm the installation of all three evaluated measures and confirm their operation. A summary of the on-site verification is 
provided in Table 2-4. 

Table 2-4. Measure verification 
Measure Name Verification Method Verification Result 
Building #1 – Energy 
recovery on 
laboratory RTUs 

Verification of quantity, 
make, and model of ERUs, 
and verification of the 
operation of the ERUs. 

The evaluator observed three RTUs with energy recovery labelled 
as ERU 1A, 1B, and 2. The evaluator accessed the inside of ERU1 
and confirmed there are two exhaust fan wall arrays for ERU 1A 
and 1B each, and each fan wall has 48 (6 x 8 array) of 5-hp 
exhaust fans. Each fan is equipped with individual VFD. The 
evaluator couldn’t access the inside of ERU2, but nameplate 
information was collected. Based on the nameplate, each ERU has 
six heat recovery coils. Three 50-hp energy recovery pumps served 
the energy recovery loop.  

Building #1 – High 
efficiency boilers 

Verification of quantity, 
make, and model of boilers, 
and verification of the 
operation of the boilers 

The evaluator verified the installation and operation of eight 4,000 
MBH condensing hot water boilers with a rated efficiency of 91%. 
Three 30-hp hot water pumps (HWP) equipped with variable 
frequency drive (VFD) controls serve all boilers in a parallel layout.  
The evaluator requested and received the screenshot from building 
automation system (BAS) presented in Figure 2-1 below (shows 
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Measure Name Verification Method Verification Result 
the hot water supply temperature setpoint was 180°F and the 
outdoor air reset setpoint was 120°F). This was different than the 
proposed setpoint in tracking. 

Building #2 – High 
efficiency boilers 

Verification of quantity, 
make, and model of boilers, 
and verification of the 
operation of the boilers. 

The evaluator verified the installation and operation of four 3,000 
MBH condensing hot water boilers with a rated efficiency of 95%. 
Three 15-hp hot water pumps (HWP) equipped with variable 
frequency drive (VFD) controls serve all boilers in a parallel layout. 
The evaluator requested and received the screenshot from building 
automation system (BAS) as Figure 2-2 (shows the hot water 
supply temperature was 180°F and the outdoor air reset setpoint 
was 132°F). This was different than the proposed setpoint in 
tracking. 

 

Figure 2-1. Boiler Control Sequence for Building #1 

 

Figure 2-2. Boiler Control Sequence for Building #2 
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Other relevant details the evaluator gathered during the site visit are presented below: 

• The facility occupancy was impacted by COVID due to some office spaces that were unoccupied during the 
pandemic. But some labs were still occupied by tenants. 

• Building #1 has 12 different tenants; and building #2 has 10 tenants on the west wing and 4 tenants on the east 
wing. Different tenants have their own operating hours and occupied/unoccupied schedules. 

• In pre-existing situation, building #1 was served by a central water source heat pump system to provide local 
heating and cooling to office spaces; lab spaces were served by individual, dedicated air cooled split system air 
handlers or rooftop units, with dedicated rooftop exhaust fans. Building #2 did not have a central heating system 
but instead used several local boilers with local pumping systems.  

• Both buildings were built 100 years ago, and the pre-existing HVAC was installed around 1985s. 

• The three evaluated measures are part of a comprehensive HVAC renovation project on this site. There are other 
measures contributing electric energy saving impact but not in this evaluation scope. List of measures are listed 
below: 

Building #1: 

o ECM1: High Efficiency Chiller with VFD (not in the evaluation scope) 

o ECM2: Variable Flow Condenser water system with High Efficiency Cooling Tower (not in the evaluation 
scope) 

o ECM3: Central Hot Water Plant with VFD pumping (not in the evaluation scope) 

o ECM4: Energy Recovery on Laboratory RTUs (in the evaluation scope) 

o ECM5: High Efficiency Boilers (in the evaluation scope) 

Building #2: 

o ECM1: High Efficiency Chiller with VFD (not in the evaluation scope) 

o ECM2: Variable Flow Condenser water system with High Efficiency Cooling Tower (not in the evaluation 
scope) 

o ECM3: Central Hot Water Plant with VFD pumping (not in the evaluation scope) 

o ECM4: High Efficiency Boilers (in the evaluation scope) 

2.4 Evaluation methods and findings 
This section describes the evaluation methods and findings. 

2.4.1 Evaluation description of baseline 
During the site visit, the evaluator conducted an on-site inspection and interviewed the site contact to confirm that the pre-
existing HVAC systems were installed around 1985 and at the end of their useful life. The evaluator also verified the 
installed systems installation and their operation. According to the construction schedules, the HVAC renovation work 
started in September 2017 and was completed in early 2019. Because the evaluated measures were part of a major 
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renovation, the evaluator classified all three measures as lost opportunity with ISP baselines. The evaluated baseline is the 
same as applicant since the IECC 2015 and ASHRAE 90.1 2013 requirements are identical. 

2.4.2 Evaluation calculation method 
The evaluator agreed with the analysis methodology used by the applicant and used the same methodology in the 
evaluation. The evaluator was able to collect the most up-to-date plan, model input and output files, and performed an in-
depth review of the most-recent eQUEST energy model to verify that the baseline and as-built models are consistent with 
code requirements, proposed equipment descriptions, mechanical schedules and drawings, and product cutsheets. The 
modelling methodology and input variables for all three measures were accurate. 

Then, the evaluator simulated the energy model using the inputs provided in the applicant’s model, even though the hot 
water supply (HWS) temperature setpoint was found lower than the tracking; this was done because the evaluation 
approach is Base + Add-on#1 on-site verification only and operational adjustments will be applied at the population level.  
The evaluator’s updated analysis found the gas savings to be slightly (0.4%) higher than the reported savings. By comparing 
the differences on building analysis simulation engine in eQUEST, evaluator found that tracking eQUEST used DOE-2.2-48z 
version and evaluation version was DOE-2.2-50a. This is the reason causing this discrepancy. The total evaluated annual 
savings for two buildings are 127,222 therms and represent 44.7% of the total annual baseline natural gas consumption. 
Table 2-5 shows the evaluated annual savings and percentage of baseline consumption for each measure: 

Table 2-5. Evaluated Savings Result 
Measure Name Evaluated Savings (Therms) Savings% of Baseline 

Building #1 – Energy recovery on laboratory RTUs 109,901 38.7% 

Building #1 – High efficiency boilers 14,397 5.1% 

Building #2 – High efficiency boilers 2,924 1.0% 

Total 127,222 44.7% 

2.4.3 Cross-check with utility billing data 
Evaluator could not use billing analysis to verify the evaluated savings for this site due to anomalies with the billing data 
provided for this site. 
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3 FINAL RESULTS 
The project consisted of installing of energy recovery units and eight high efficiency boilers in building #1 and installing four 
high efficiency boilers in building #2. Overall, the evaluator found the modelling methodology and most key inputs used by 
the applicant were accurate based on a review of project files and the site visit. However, the evaluator found supply hot 
water temperature setpoints for both buildings were different than the tracking setpoints. Since no operational adjustments 
were to be applied to this site due to the COVID impact, evaluator did not apply this discrepancy to the saving analysis. 
However, the evaluator recommends that the project implementor investigate these discrepancies with the customer and 
encourage the customer to implement the HWS and Reset temperatures if feasible. Evaluator calculated savings using a 
same methodology and energy model, but the simulation engine was slightly different than what was used by the tracking 
analysis. Due to this reason, the evaluated savings are slightly higher than the reported values. The parameters impacting 
the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Methodology Applicant Evaluated 
Building simulation software eQUEST 3.65 eQUEST 3.65 
Simulation engine DOE-2.2-48z DOE-2.2-50a 

Measure Parameter 
Applicant Evaluated 

Baseline Proposed Baseline Proposed 

Building #1 – Energy 
recovery on lab RTUs Recover exhaust on RTU-1, 2, 3 No 

Yes 
Effectiveness 

= 0.41 
No 

Yes 
Effectiveness 

= 0.41 

Building #1 – High 
efficiency boilers 

Boiler efficiency 82% 91% 82% 91% 
Supply hot water temperature °F 180 150 180 150 
Return hot water temperature °F 130 120 130 120 

Building #2 – High 
efficiency boilers 

Boiler efficiency  82% 95% 82% 95% 
Supply hot water temperature °F 180 153 180 153 
Return hot water temperature °F 140 123 140 123 

Building #1 – Energy 
recovery on lab RTUs 

Energy savings (Therms) 109,461 109,901 

Building #1 – High 
efficiency boilers 

Energy savings (Therms) 14,338 14,397 

Building #1 – High 
efficiency boilers 

Energy savings (Therms) 2,933 2,924 

Total Energy savings (Therms) 126,732 137,222 

3.1 Explanation of differences 
The evaluated savings are slightly higher than the tracking savings, due to the simulation engine difference between 
applicant and evaluation. Table 3-2 provides a summary of the differences between tracking and evaluated values. 
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Table 3-2. First-year savings - summary of deviations 

End-use Discrepancy Parameter 
Impact of 
Deviation Discussion of Deviations 

HVAC Analysis 
methodology 

Simulation engine +0.4% Increased savings ‒ Due to the simulation engine 
difference. 

HVAC Analysis 
methodology 

Simulation engine +0.4% Increased savings ‒ Due to the simulation engine 
difference. 

HVAC Analysis 
methodology 

Simulation engine -0.3% Decreased savings ‒ Due to the simulation engine 
difference. 

3.2 Lifetime savings 
Because the evaluated measures were part of a major renovation, the evaluator classified all three measures as lost 
opportunity with ISP baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  ×  𝐸𝐸𝐸𝐸𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   

where: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therms) 

𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therms) 

𝐸𝐸𝐸𝐸𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

The evaluated lifetime savings are higher than the tracking lifetime savings because the evaluated first year savings are 
higher than the tracking first year savings. Table 3-3, 3-4 and 3-5 provide a summary of key factors that influence the lifetime 
savings for each measure. 

Table 3-3. MA19P00003457 ECM-1 – Lifetime Savings Summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 1,641,915 1,648,515 N/A 
First year savings (therms) 109,461 109,901 +0.4% 
Measure lifetime (years) 15 15 0% 
Measure life reference Tracking Tracking N/A 
Measure event type New & Replacement Equipment Lost Opportunity N/A 
Baseline classification Single – ISP Single – ISP N/A 
Measure status (operates or removed) N/A N/A N/A 

N/A = Not applicable 
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Table 3-4. MA19P00003457 ECM-2 – Lifetime Savings Summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 358,450 359,925 N/A 
First year savings (therms) 14,338 14,397 +0.4% 
Measure lifetime (years) 25 25 0% 
Measure life reference Tracking MA TRM – Commercial 

Condensing Boiler 
N/A 

Measure event type New & Replacement 
Equipment 

Lost Opportunity N/A 

Baseline classification Single – ISP Single – ISP N/A 
Measure status (operates or removed) N/A N/A N/A 

N/A = Not applicable 

Table 3-5. MA19P00005700 ECM-1 – Lifetime Savings Summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 73,325 73,100 N/A 
First year savings (therms) 2,933 2,924 -0.3% 
Measure lifetime (years) 25 25 0% 
Measure life reference Tracking MA TRM – Commercial 

Condensing Boiler 
N/A 

Measure event type New & Replacement 
Equipment 

Lost Opportunity N/A 

Baseline classification Single – ISP Single – ISP N/A 
Measure status (operates or removed) N/A N/A N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts associated with this site.  
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at a high school and consisted of the installation of air sealing including buck frame 
sealing, caulking, door weather stripping, and roof-wall intersection sealing. Energy savings are generated from a reduction 
in uncontrolled air infiltration from air sealing. Reducing uncontrolled air infiltration reduces heating loads on the site’s hot 
water boilers and results in gas savings. The applicant classified the measure as a retrofit with the preexisting conditions its 
single baseline. The applicant calculated the measure savings by calculating the heating load associated with the air 
infiltration rate which was developed using the ASHRAE basic model for infiltration. 

The Base + Add-on #3 evaluation method was used for this project because changes in facility occupancy due to the 
COVID-19 pandemic did not impact the heating system operation. The project savings were ~1.8% of the facility annual gas 
consumption and therefore a billing analysis was not conducted for this site because the measure impacts would be difficult 
to isolate in the gas consumption. 

The evaluator classified the measure as an add on because the air sealing improves the operation of the building envelope. 
The measure has a single baseline because the installed measure life is less than 2/3 of the measure life of the underlying 
building envelope. The evaluator agrees with the applicant’s baseline: the pre-existing conditions are the project baseline. 

The first-year savings are greater than the tracked savings because the heating system operating hours and interior space 
temperature setpoint were both increased following evaluation findings. The evaluator’s use of a bin model instead of a 
single equation also increased savings, while accounting for a higher boiler efficiency and excluding several exterior doors 
decreased savings. On a net basis, the first year evaluated savings are greater than the tracked savings. The lifetime 
savings were less than the applicant’s because the evaluator reduced the measure life from 25 to 15 years based on the 
current MA TRM. The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure 
Name   Savings 

(Therms/yr) 
Measure 

Life (years) 
Lifetime 
Savings 
(Therms) 

MA19P00004377 Air sealing 
Tracked 1,663 25 41,575 
Evaluated 2,300 15 34,500 
Realization rate 138% N/A 83% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are greater than the tracked savings primarily because the evaluator accounted for more heating 
system operating hours than the applicant. The evaluator used a bin model which further increased savings by accounting 
for variations in outside air temperature and wind speed which impact the infiltration rate. Accounting for a higher occupied 
space temperature also increased savings. The gas boiler operating efficiency was found to be greater than that assumed 
by the applicant, while the installed leak sealing quantity was reduced, both of which decreased applicant savings. However, 
both of these deviations have a smaller impact on the overall savings leading to the reported net increase in evaluated 
savings. Further details regarding deviations from the tracked savings are presented in Section 3-4. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the installation of air sealing including buck frame sealing, caulking, door weather stripping installation, 
and roof-wall intersection sealing. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. While the ‘applicant’ is a generic term, in the case of 
this project both the vendor and the PA separately calculated savings, and the tracked savings are the average of these two 
values.  

2.2 Applicant description of baseline 
According to the savings analysis file, the baseline is the preexisting conditions of the building, as shown in Table 2-1. Table 
2-2 shows a breakdown of the differences between the vendor and the PA’s calculation methodology (including the calculation 
of infiltration airflow) and therefore compliments this table. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Roof-wall intersection cracks 137 ft of 1/12 inch cracks  
Buck frame cracks 172 ft of 1/24 inch cracks  
Miscellaneous cracks to be sealed with caulking 40 ft of 1/100 inch cracks  
Cracks around exterior doors 588 ft of 1/12 inch cracks  
Total uncontrolled air leakage area 5.7 ft² 
Boiler efficiency 80% (vendor), 85% (PA) 
(vendor) 60°F Heating Degree Days (°F·day) 5,877 
(PA) Hours of operation (hr/yr) 5,100 
(PA) Interior temperature setpoint (°F) 65°F 

2.2.1 Applicant description of installed equipment and operation 
The cracks in the building envelope listed in Table 2-1 were sealed either with spray foam or caulking for the purpose of air 
sealing, which prevents air infiltration through the cracks. Therefore, the installed equipment reduces the total uncontrolled 
air leakage area to 0 ft². 

2.2.2 Applicant energy savings algorithm 
Both the vendor and the PA calculated savings for this project; the tracked savings were calculated by the PA by comparing 
PA and vendor savings according to the following logic: 

variance =
|𝐸𝐸𝑃𝑃𝑃𝑃 − 𝐸𝐸𝑉𝑉𝐸𝐸𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉|

𝐸𝐸𝑉𝑉𝐸𝐸𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉
 

where: 

 E is the first year savings value 

and, 

if variance < 30%, 𝐸𝐸𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇  =  𝐸𝐸𝑉𝑉𝑇𝑇𝑉𝑉𝑇𝑇𝑉𝑉𝑇𝑇 
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if variance > 70%, 𝐸𝐸𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝐸𝐸𝑃𝑃𝑇𝑇 

else, 𝐸𝐸𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 = 𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎(𝐸𝐸𝑉𝑉𝑇𝑇𝑉𝑉𝑇𝑇𝑉𝑉𝑇𝑇,𝐸𝐸𝑃𝑃𝑇𝑇) 

For this project, the variance falls between 30% and 70%, so the tracked savings are the average of the vendor and PA 
savings. 

The vendor began calculating the measure impacts by tabulating the linear length of the cracks which were air sealed and 
then multiplied the crack lengths by crack width to yield a leakage area for each leak repair type. The leakage area is 
multiplied by a ‘flow factor’ and ‘pressure’ to yield an airflow value. The airflow is multiplied by the site annual heating degree 
days (HDD) taken from the Clinton weather station to calculate the annual heating load and divided by the combustion 
efficiency in order to find infiltration heating savings. The applicant calculations are presented below: 

𝑃𝑃 =  𝑙𝑙 ×  
𝑤𝑤
12

 

where: 

𝑃𝑃 = leakage area (ft2) 

𝑙𝑙 = crack length (ft) 

𝑤𝑤 = crack width (inch) 

�̇�𝑉  =  𝑃𝑃 × 𝑓𝑓𝑓𝑓 × 𝑝𝑝 

where: 

�̇�𝑉 = infiltration airflow rate (ft3/min) 

𝑓𝑓𝑓𝑓 = flow factor with a constant value of 20 (source not provided by the applicant) 

𝑝𝑝 = pressure (assumed to be differential pressure between inside and outside of the building in units of Pa) 
with a value of 6.1 Pa. 

To maintain dimensional consistency, it appears that ff has units of ft/(min*Pa) and, when multiplied by differential pressure, 
yields an air speed in ft/min.  

The vendor energy savings were calculated in two separate equations which have been simplified by the evaluator so that 
they can be easily compared with the PA’s calculations. 

𝑇𝑇ℎ𝑎𝑎𝑎𝑎𝑒𝑒𝑒𝑒 𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎𝑆𝑆 =  
1.08 ×  �̇�𝑉  ×  𝐻𝐻𝑉𝑉𝑉𝑉 × 24

100,000 × 𝑎𝑎𝑓𝑓𝑓𝑓  

where: 

𝑇𝑇ℎ𝑎𝑎𝑎𝑎𝑒𝑒𝑒𝑒 𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎𝑆𝑆 = heating energy saved by repairing the crack 

�̇�𝑉  = infiltration airflow rate (ft3/min) 

𝐻𝐻𝑉𝑉𝑉𝑉  = heating degree days per year 

1.08  = the product of the density and specific heat of air divided by 60 min/hr (Btu*min/ft3*°F*hr)  

24  = number of hours per day 
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100,000  = unit conversion from Btu to therm 

𝑎𝑎𝑓𝑓𝑓𝑓  = combustion efficiency of the natural gas heating system, assumed to be 85% for this project 

The PA separately calculated energy savings using the leakage area calculated by the vendor. The PA found savings using 
the basic model for infiltration at 4 Pa set out in ASHRAE Fundamentals 2005: 

�̇�𝑉  =  
𝑃𝑃

1000 × (𝐶𝐶𝑠𝑠 × 𝛥𝛥𝑇𝑇 +  𝐶𝐶𝑤𝑤 × 𝑈𝑈2)1/2
 

where:  

�̇�𝑉  = infiltration airflow rate (m3/s) 

A  = effective air leakage area at 4 Pa (cm2) 

ΔT  = average heating season temperature difference between the interior and exterior of the building 
(ΔK or Δ°C). A value of 17K is used which appears to be based on an average interior 
temperature of 65°F and an average outdoor temperature of 34°F. 

Cs  = stack coefficient, 0.000435, which is defined by ASHRAE and varies by the number of floors. 
The PA has used a value for a 3 story building which is consistent with the evaluated facility.   

Cw  = wind coefficient, 0.000271, which is defined by ASHRAE and varies by the number of floors 
and the terrain surrounding a building. The PA has used a value for a 3-story building which 
appears to be consistent with the terrain around the evaluated facility. 

U   = average wind speed (m/s) 

After converting Q into imperial units, the PA has calculated heating energy savings according to: 

𝑇𝑇ℎ𝑎𝑎𝑎𝑎𝑒𝑒𝑒𝑒 𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎𝑆𝑆 =  
1.08 ×  �̇�𝑉  ×  (𝑇𝑇𝑏𝑏 − 𝑇𝑇𝑎𝑎)  × ℎ𝑎𝑎𝑒𝑒

100,000 × 𝑎𝑎𝑓𝑓𝑓𝑓  

where: 

1.08  = the product of the density and specific heat of air divided by 60 min/hr (Btu*min/ft3*°F*hr) 

�̇�𝑉  = infiltration airflow rate (ft3/min) 

𝑇𝑇𝑏𝑏  = building’s balance point which is assumed to be 60°F 

𝑇𝑇𝑎𝑎  = the average heating season outdoor air temperature which is assumed to be 34°F 

ℎ𝑎𝑎𝑒𝑒  = the heating season (6,083 hours/year) 

100,000  = unit conversion from Btu to therm 

𝑎𝑎𝑓𝑓𝑓𝑓  = combustion efficiency of the natural gas heating system, assumed to be 80% for this project 

A summary of the vendor and PA calculations are shown in Table 2-2. Note that the average of the gas savings from the PA 
and the vendor are the tracked savings which are close to, but not equal to, the savings from calculating the gas savings 
with the average of the infiltration airflow, HDD, and boiler efficiency. This difference can likely be explained by the 
approximated conversion of ΔT and hours of operation to HDD necessary to compare the PA methodology with the vendor 
methodology.  
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Table 2-2. Comparison of vendor and PA methodology 
Parameter Vendor PA Average 

Infiltration airflow (cfm) 691 1,084 888 

60°F HDD (°F-day) 6,576 5,525 6,051 

Boiler efficiency 85% 80% 83% 

Gas savings (therm) 1,940 1,386 1,663 

Gas savings (therm, calculated) N/A N/A 1,687 

Additional details on the applicant algorithm can be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The tracked savings are the average of two different calculation methodologies; this approach assumes that the two 
calculation methodologies are equally valid. It is not clear that the methodologies are equally valid in this project because the 
vendor’s methodology is opaque and does not follow a standard calculation methodology, while the PA’s methodology is 
clearly derived from the ASHRAE handbook. Accordingly, accepting the tracked savings as the PA’s savings may have been 
a more accurate approach. 

The basis of the vendor’s infiltration airflow rate formula is not clear. The PA’s calculations are based on the ASHRAE basic 
infiltration model at 4 Pa which is intended for use in residential buildings when the results of a blower door test are not 
available. Per the ASHRAE Handbook, the effective leakage area is calculated from blower door airflow data obtained at 
4 Pa test conditions and the calculation is used to estimate infiltration. 4 Pa appears to be a reasonably conservative 
estimate of pressure difference across the building envelope, so assuming that this pressure difference is constant and 
continuous throughout the entire heating season, it appears reasonable to use the equation in the manner described by the 
PA. This assumption does not dictate whether a positive or negative pressure difference is present, only that make up air to 
replace interior air exfiltrated (or exterior air infiltrated) are replaced with outside air heated to the building’s balance point.  

The project site has 3 stories so from the perspective of stack effect concerns it appears that it is reasonable to apply this 
residential methodology to the educational project site. Non-residential HVAC systems generally positively pressurize 
buildings to limit infiltration for occupant comfort (usually causing a corresponding quantity of exfiltration), so while the 
physical effects of the stack and wind coefficients used in this basic infiltration model may not accurately correspond to the 
project site, the pressure difference appears reasonable and, lacking an equivalent methodology for non-residential 
buildings, it is reasonable to apply this model to this project.  

The PA used seasonal average values for outdoor air temperature, wind speed, and interior-exterior ΔT. Using seasonal 

averages does not account for the interactivity between these conditions nor does it account for variations between building 
occupancy states.  

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on March 17, 2021 and returned to retrieve meters on April 21, 2021. During the site visit, 
the evaluators interviewed the HVAC technician and tested the combustion efficiency of one boiler. A summary of the on-site 
verification is provided in Table 2-3. 
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Table 2-3. Measure verification 

Measure Name Verification Method Verification Result 
Roof-wall intersection crack 
sealing Observed air sealing. Air sealing installed, unable to verify length due to 

access constraints. 

Buck frame crack sealing Observed air sealing. Air sealing installed, unable to verify length due to 
access constraints. 

Caulking crack sealing Observed air sealing. Unable to verify. 

Exterior door crack sealing Observed air sealing. Air sealing installed. Number of doors did not align 
with vendor tabulation. 

The site contact indicated that minor adjustments were made to the exterior door crack sealing following a complaint 
regarding the air sealing interfering with door operation. Otherwise, no changes were made to the air sealing since the 
measures were installed; the site contact believes all components of the measure remain in place. The evaluator visited a 
representative sample of locations to verify that air sealing had been implemented.  

Roof-wall intersection crack sealing and buck frame crack sealing was installed above the dropped ceiling in the plenum. 
The evaluator observed that roof-wall intersection and buck frame crack sealing was installed in all areas indicated by the 
applicant’s documentation however access restrictions (such as ladder height and furniture placement) prohibited the 
evaluator from obtaining measurements of installed air sealing.  

The evaluator was not able to determine where the caulking took place despite the map provided by the vendor, however 
this crack area was small compared to the other measures so the evaluator did not investigate further.  

The evaluator observed unit heaters which did not appear to contain thermostatic controls in the front building lobby. 
Savings calculations are dependent on an interior space temperature setpoint, so if controls were not present then sealing 
on doors in the vestibule would not correspond to a reduction in heating energy. As discussed in Section 2.3.2, the evaluator 
metered this space to confirm that no controls were present.  

The evaluator conducted a walk-around of the building to photograph all exterior doors and used satellite imagery to confirm 
that no courtyards were present. No roof access doors were observed and interior access to all exterior doors was not 
considered practical owing to COVID-19 concerns at the time of the site visit. Air sealing was visible on the exterior of most 
doors however the location of air sealing (whether on the exterior or interior) of the door varied based on door jamb 
construction and air sealing is not believed to be entirely visible from the exterior. Therefore, the evaluator accepts the 
applicant’s description of door air sealing (e.g. “sweep only” or “sweep and side”) without further verification.  

The evaluator observed the EMS control system for the boilers and noted that the following controls were in place: 

• There is a heating hot-water lockout above 60°F. 

• There is a hot-water temperature reset from 130°F at 60°F outside air temperature to 180°F at 0°F outside air 
temperature. 

Additionally, the evaluator observed the following from the EMS: 

• The occupied heating setpoint is 71°F for the main lobby and classrooms. 

• The scheduled occupied hours are 6:00 AM to 6:00 PM Monday thru Friday, except during school holidays. These 
scheduled occupied hours verify that operations were not impacted by the pandemic. 

• No space temperature trends are recorded or available.  
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The site contact indicated that a 10°F space temperature setback was in place during unoccupied hours. 

2.3.2 Measured and logged data 
One of three site boilers was combustion tested during the site visit. The results of this test are shown in Table 2-4. 

Table 2-4. Boiler combustion report results 
Boiler ID Stack Temperature (°F) Combustion Efficiency 
Boiler 2 216 86.80% 

The evaluators also deployed data loggers to characterize the ambient temperature of the front entrance vestibule after 
observing a unit heater serving this space which did not appear to have thermostatic controls..  Table 2-5 presents the logger 
deployment details. 

Table 2-5. Data logger deployment details 

Data Logger Type Parameter Time Interval Duration Quantity 

HOBO logger with temperature sensor Lobby ambient temperature 15 minutes 5 weeks 1 

HOBO logger with temperature sensor Lobby unit heater temperature 15 minutes 5 weeks 1 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator reviewed the project files and interviewed the site contact to gather information on the baseline. The evaluator 
classified the measure as an add-on with a single baseline because the HVAC system was able to meet the space 
temperature setpoints prior to measure implementation without the air sealing. The measure has a single baseline because 
the air sealing measure life is less than 2/3 of the underlying building envelope measure life. The evaluator agrees with the 
applicant’s description of the existing building envelope cracks, and has updated the boiler efficiency, hours of operation, 
and interior temperature setpoint to match the evaluation findings, as shown in Table 2-6. A comparison of the evaluator’s 
and vendor/PA’s methodology which includes a comparison of infiltration airflow is presented in Table 2-8. 

Table 2-6. Evaluation Baseline Parameters 
Operation Description Value 
Roof-wall intersection cracks 137 ft of 1/12 inch cracks  
Buck frame cracks 172 ft of 1/24 inch cracks  
Cracks to be sealed with caulking 40 ft of 1/100 inch cracks  
Cracks around exterior doors 588 ft of 1/12 inch cracks  
Total uncontrolled air leakage area 5.7 ft² 
Boiler efficiency 86.8% 

Heating Hours of Operation (hr/yr) 
occupied: 1,720 

unoccupied: 4,363 
total: 6,083 

Interior temperature setpoint (°F) occupied: 71°F 
unoccupied: 61°F 

2.4.2 Evaluation calculation method 
The evaluator calculated measure savings using the same methodology as the PA, however the evaluator used these 
formulas in a bin model rather than as a single equation. The evaluator used TMY3 weather data in the bin model to account 
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for variations in outdoor air temperature and wind speed. Additionally, the bin model captures variations in space 
temperatures and space occupancy that are not captured in the PA’s approach. Note that the PA’s methodology is already 
dependent upon all of these variables but uses only seasonal averages rather than bin-dependent values. The evaluator is 
using neither the vendor’s calculation methodology nor the subsequent formula for rectifying the PA’s and vendor’s savings 
values (described in Section 2.2.2). 

The evaluator used the same basic model for infiltration from ASHRAE Fundamentals 2005 as the PA: 

�̇�𝑉  =  
𝑃𝑃

1000 × (𝐶𝐶𝑠𝑠 × 𝛥𝛥𝑇𝑇 +  𝐶𝐶𝑤𝑤 × 𝑈𝑈2)1/2
 

where: 

A  = the effective leakage area at 4 Pa, calculated by accepting the linear crack lengths described 
by the applicant in all areas except the exterior doors. For exterior doors, the evaluator 
inventoried all doors and found a different number of double and single doors than the applicant, 
as shown in Table 2-7. To account for potential differences in the evaluator’s and applicant’s 
categorization of a single vs double door, a “Total # Door Panels” column was added which 
states that a double door has two door panels and a single door has one. Given the incomplete 
picture of air sealing measures obtained by the evaluator through external inspection only, and 
the small difference between the number of panels, the evaluator accepts the applicant’s count of 
57 door panels impacted by the measure. The number of door panels used in the savings 
calculations was reduced to account for the metering finding that the vestibule unit heater did not 
have any thermostatic control, and therefore a reduction in leaks in this area would not 
correspond to a reduction in heating load. No other adjustments were made because the 
evaluator was unable to access the interior spaces of the remaining doors.  

Table 2-7. Summary of exterior door count 

  Single 
Doors Double Doors Total Doors Total # of Door 

Panels 
Applicant 29 14 43 57 
Evaluator exterior counts 11 27 38 65 

Doors in metered vestibule N/A 2 2 4 

Evaluator calculations N/A N/A N/A 53 

The applicant exterior door crack length was adjusted according to: 

𝐋𝐋𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞𝐞−𝐝𝐝𝐞𝐞𝐞𝐞𝐞𝐞𝐝𝐝 =  𝐋𝐋𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐞𝐞𝐚𝐚𝐚𝐚𝐚𝐚𝐞𝐞 �
𝐚𝐚𝐞𝐞𝐞𝐞𝐚𝐚𝐚𝐚𝐞𝐞𝐚𝐚𝐞𝐞𝐞𝐞𝐞𝐞
𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐚𝐞𝐞𝐚𝐚𝐚𝐚𝐚𝐚𝐞𝐞

� 

where:  

L   = crack length, and n is the number of door panels.  

nevaluator = evaluator estimate = applicant’s value – 4 = 53 

napplicant  = applicant’s estimate, 57 
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The crack lengths, multiplied by crack widths and summed, yield the effective leakage area. The evaluator was 
unable to verify the crack widths on-site because of the air sealing which had taken place. The evaluator did not 
find citable references in literature to suggest different crack widths than used by the applicant, and as these widths 
appear to be physically realistic, the evaluator accepts the widths used by the applicant which were shown in Table 
2-1. A comparison of the crack areas is shown in Table 2-8. 

Table 2-8. Summary of crack area 

Source Total Crack Area Infiltration Airflow (cfm) 

Vendor 5.7 ft² 691 
PA 5.7 ft² 1,084 
Evaluator 5.4 ft² 795 

The remainder of the basic crack model for infiltration is defined as follows: 

Cs  = stack coefficient, 0.000435, which is defined by ASHRAE and varies by the number of floors. The 
evaluator agrees with the PA’s value for a 3 story building which is consistent with the evaluated 
facility.   

Cw  = wind coefficient, 0.000271, which is defined by ASHRAE and varies by the number of floors and 
the terrain surrounding a building. The evaluator agrees with the PA’s value which appears to be 
consistent with the terrain around the evaluated facility (shelter class = 3). See Table 2-9.  

Table 2-9. Description of shelter classes used in ASHRAE basic model for infiltration. 

 

ΔT  = difference between the exterior and interior temperature. This is calculated using TMY3 
weather data for Worcester, MA as the average outdoor air temperature and the interior space 
temperature setpoint of 71°F during occupied periods documented by the evaluator during the 
site visit. A 10°F unoccupied setback was described by the site contact, therefore an interior 
temperature of 61°F was used during unoccupied periods. Vestibule temperature meter data 
collected by the evaluator was not used to calculate to calculate bin ΔT because it was not 
representative of average interior space temperature. Rather, it was used to adjust the number of 
doors as discussed in the definition of A, the effective leak area.  

U    = TMY3 bin average wind speed. 

Note that this equation and its coefficients are unchanged in the most recent version of ASHRAE Fundaments, 2021.  

The evaluator used the same approach as the PA to calculate heating energy savings: 
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𝑇𝑇ℎ𝑎𝑎𝑎𝑎𝑒𝑒𝑒𝑒 𝑆𝑆𝑎𝑎𝑎𝑎𝑎𝑎𝑆𝑆 =  
1.08 ×  �̇�𝑉  ×  (𝑇𝑇𝑏𝑏 − 𝑇𝑇𝑎𝑎)  × ℎ𝑎𝑎𝑒𝑒

100,000 × 𝑎𝑎𝑓𝑓𝑓𝑓
 

where: 

Tb  = building balance point, when occupied, or space temperature when unoccupied.  The building 
balance point was assumed to be 60°F (same as PA calculations) and the unoccupied space 
temperature is 61°F per the evaluator’s findings on the site visit.  

Ta   = bin average outdoor air temperature using TMY3 weather data for Worcester, MA. 

hrs  = bin heating hours developed using TMY3 weather data and site hours of operation entered into 
the MassSave Small Buildings tool, in combination with boiler control setpoints. The site 
operating hours are unchanged from pre-pandemic hours under the facility’s current hybrid 
learning operation according to the facility’s website and are 6:00 AM to 6:00 PM Monday thru 
Friday, excluding school holidays, according to the EMS.  In order to exclude school holidays, 
evaluator used the school calendar to develop occupied diversity values for each month, and 
used an occupied diversity of 50% for July and August (to account for summer vacation). Note 
that summer vacation is longer than half of July and half of August, however the 50% occupied 
diversity for these months also accounts for partial school use. Early release and professional 
development days were assumed to be fully occupied for EMS scheduling purposes. This 
diversity is shown in Table 2-10. This calculation yields 2,626 occupied hours and 6,134 
unoccupied hours. The boiler operates using an outdoor air reset and will cycle to meet demand, 
so heating hours correspond to all hours below 60°F. The bin heating hours are therefore 1,720 
occupied heating hours and 4,363 unoccupied heating hours.  

100,000  = unit conversion from Btu to therm 

eff  = The evaluator confirmed the site heating combustion efficiency by conducting combustion 
testing, 86.8% 

Table 2-10. Occupancy based on school calendar. N.B. diversity is applied in addition to weekly hours of operation. 

Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Diversity 97% 79% 100% 80% 97% 97% 50% 50% 90% 97% 90% 81% 

 

2.4.3 Cross-check with utility billing data 
The evaluators did not use a billing analysis to verify the evaluated savings for this site because the tracked natural gas 
savings (1,663 therm) were ~ 1.8% of the annual billed natural gas consumption (91,643 therm). 
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3 FINAL RESULTS 
The project consisted of installing air sealing in roof-wall intersections, buck frame cracks, exterior doors, as well as sealing 
cracks with caulking. The vendor and PA calculated savings using different methodologies and the tracking savings are the 
average of the two savings values. The evaluator used the same methodology as the PA, but changed the one line equation 
into a bin model in order to provide a higher level of rigor. The evaluator also adjusted the operating hours, the boiler 
efficiency, interior temperature setpoint, and repaired leak area based on findings from the site visit. The first year evaluated 
savings are greater than the tracked values. The parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 

Billing Applicant Evaluator 
Baseline gas usage – January 2018 to December 
2018 (therms) N/A 91,643 

Savings fraction (%) N/A 2.5% 

Baseline Applicant Evaluator 
Roof-wall intersection cracks 137 ft of 1/12 inch cracks 137 ft of 1/12 inch cracks  

Buck frame cracks 172 ft of 1/24 inch cracks 172 ft of 1/24 inch cracks  

Miscellaneous cracks to be sealed with caulking 40 ft of 1/100 inch cracks 40 ft of 1/100 inch cracks  

Cracks around exterior doors 588 ft of 1/12 inch cracks 588 ft of 1/12 inch cracks  

As-Built Applicant Evaluator 

Repaired crack dimensions Same as baseline 

547 ft of 1/12 inch cracks. Same as 
baseline except cracks around exterior 
doors adjusted to account for no 
savings in vestibule. 

Total crack area (ft²) 5.7 5.4 

Boiler Efficiency 80% (PA), 85% (Vendor) 86.8% for all boilers 

Analysis (Vendor Model) Applicant Evaluator 
65°F Heating Degree Days (°F·day) 6,576 7,144 

Infiltration airflow (cfm) 691 occupied: 1,240 
unoccupied: 1,105 

Analysis (PA Model) Applicant Evaluator 

Heating Hours of Operation (hr/yr) 5,100 
occupied: 1,720 

unoccupied: 4,363 
total: 6,083 

Average heating season envelope temperature 
difference (K) 17 occupied: 19.4 

 unoccupied: 13.3 

Average wind speed (m/s) 2.68 occupied: 4.5 
unoccupied: 4.5 

Infiltration Airflow (cfm) 1,084 occupied: 1,240 
unoccupied: 1,105 

Interior temperature setpoint (°F) 65°F occupied: 71°F 
unoccupied: 61°F 

Savings     
Annual natural gas savings (therms) 1,663 2,300 

Natural gas realization rate 138% 
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3.1 Explanation of differences 
The evaluated first year savings are greater than tracked first year savings. Table 3-2 provides a summary of the differences 
between tracking and evaluated values. 

Table 3-2. Summary of deviations 

End-use Discrepancy Parameter Impact of 
Deviation Discussion of Deviations 

HVAC 
Pre-project 
errors (inputs 
or calculations) 

Operating 
schedule 26.6% 

Increased savings. Evaluated heating system operating 
hours are greater than hours used in tracking savings 
calculations.  

HVAC Analysis 
methodology 

Bin model 
instead of a 
one line 
calculation 

15.6% 
Increased savings. Evaluated methodology accounted 
for OAT variations instead of using a seasonal average 
and also accounted for OAT dependent wind variations. 

HVAC Measure size 
or quantity 

Number of 
exterior doors 
sealed 

-3.3% 
Decreased savings. Evaluated crack area was less 
than crack area used in tracking savings calculations 
due to exclusion of vestibule doors. 

HVAC 
Pre-project 
errors (inputs 
or calculations) 

Interior space 
temperature 3.2% 

Increased savings. Evaluated interior space 
temperature was greater than space temperature used 
in tracking savings calculations.  

HVAC 
Pre-project 
errors (inputs 
or calculations) 

Gas boiler 
combustion 
efficiency 

-3.7% 
Decreased savings. Evaluated boiler combustion 
efficiency was greater than efficiency used in tracking 
savings calculations. 

3.2 Lifetime savings 
Because the estimated useful life of this measure is less than 2/3 of the EUL of the building envelope, the evaluator 
classifies this measure as an add-on with a single baseline. The HVAC system was able to meet the space temperature 
setpoints without the air sealing. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝑇𝑇𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐹𝐹𝐹𝐹𝑆𝑆𝑇𝑇𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝐸𝐸  × [ 𝑉𝑉𝑈𝑈𝐿𝐿𝑇𝑇𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝑈𝑈𝐿𝐿𝑇𝑇𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝐸𝐸 − 𝑉𝑉𝑈𝑈𝐿𝐿𝑇𝑇𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝑇𝑇𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝑆𝑆𝑇𝑇𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑈𝑈𝐿𝐿𝑇𝑇𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (15.0 years) - reflects revisions to measure life due to 
alignments with eTRM measure lives. 

𝑉𝑉𝑈𝑈𝐿𝐿𝑇𝑇𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝐸𝐸   = 1/3 of 𝐸𝐸𝑈𝑈𝐿𝐿𝑇𝑇𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝐸𝐸𝐸𝐸 (years) 

OYF = 100% for single-baseline measures/ 90% for dual-baseline measures. This 
factor accounts for dual-baseline impacts. 
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The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated measure lifetime is less 
than the tracking measure life. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-3. Measure MA19P00004377 - Lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 41,575 34,500 N/A 
First year savings (therms) 1,663 2,300 +38% 
Measure lifetime (years) 25 15 -55% 

Measure life reference Tracking MA TRM for Air Sealing 
(Residential End Use) N/A 

Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 

Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
This project will also reduce space cooling loads which provides electric savings; cooling savings have not been calculated 
as part of this evaluation. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated retrofit project consisted of insulating steam heating system pipes and equipment at ten different buildings on 
a university campus, where six of these are laboratory buildings and four are athletic/ student services buildings. All the 
insulated piping is located in unconditioned mechanical rooms. The evaluation determined the insulation measure to be a 
retrofit add-on with a single baseline. Heating is provided by a central campus steam plant. 

The Base evaluation method was used because this site was not having visitors due to COVID restrictions. The evaluation 
process included an interview of the site contact (virtual visit), a review of the applicant files and a review of project photos 
taken by the vendor to verify the installed insulation. The evaluation included only non-operational discrepancies and made 
an update to the applicant’s calculations due to an input error. The applicant used the nominal piping diameter instead of the 
outer piping diameter to calculate the surface area of the piping to be insulated. The evaluation results are presented in 
Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 
Measure Life 

(years) 
Lifetime Savings 

(Therms) 
MA19P00006126 Pipe insulation Tracked 63,908 15 958,623 

Evaluated 68,735 15 1,031,025 
Realization rate 108% N/A 108% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are greater than the tracked savings due to the increase in pipe area calculated by the evaluator. The 
applicant incorrectly used the pipe nominal diameter and the evaluator used the pipe outer diameter to calculate pipe 
surface area. An increase in surface area leads to an increase in baseline heat loss (insulated heat loss also increases but 
by a lower amount) leading to higher savings.  

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
The customer requested a copy of the site report. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The application included new insulation installed at ten different buildings on the campus on a total area of 2,434 ft² of 
piping, traps, valves, and heat exchangers. The vendors list of insulated equipment included 589 pieces of equipment (traps, 
valves, or heat exchangers) and 107 sections of piping totalling 1,789 linear feet. The installed insulation thickness varied by 
component from 10 mm to 2 inches. This insulation measure provided gas savings through a reduction in system heat loss. 

The vendor calculated the project savings using a one-line spreadsheet analysis for each section of piping and the PA used 
the vendor’s inputs to perform a separate savings calculation. The evaluator will not address the vendor’s calculation as the 
PA savings are utilized for the tracked/ applicant savings. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
The project application states that the baseline was “missing or damaged mechanical insulation”; however the applicant 
baseline calculations considered the pre-installation conditions at the facility as heating system piping, traps, valves, and 
heat exchangers not having any insulation. The applicant considered this measure as a retrofit with a single baseline. Table 
2-1 presents the main parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Operating hours 6,887 
Equivalent 4” nominal pipe length (ft) 1,986 
Fluid temperature (°F) 240 
Ambient temperature (°F) 90 
Baseline heat loss (Btu/hr) 864,950 
Boiler efficiency 83% 

2.2.1 Applicant description of installed equipment and operation 
The applicant considered the installed case as the heating system with insulation. The insulation type and thickness varied 
per component. 

2.2.2 Applicant energy savings algorithm 
The vendor provided a list of all piping sections and equipment to be insulated, which included the fluid temperature, 
ambient temperature, operating hours, and area for each component. The applicant converted the total area of the piping 
and components to be insulated to equivalent length of 4” nominal diameter piping. 

4”𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝐿𝐿𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿ℎ =
 𝑇𝑇𝑇𝑇𝐿𝐿𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑃𝑃𝑇𝑇 𝑇𝑇𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇 𝑐𝑐𝑇𝑇𝑐𝑐𝑃𝑃𝑇𝑇𝐿𝐿𝑃𝑃𝐿𝐿𝐿𝐿𝑐𝑐  

𝜋𝜋 ×  (4.5 𝑃𝑃𝐿𝐿𝑐𝑐ℎ𝑃𝑃𝑐𝑐 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑑𝑑𝑃𝑃𝑇𝑇𝑐𝑐𝑃𝑃𝐿𝐿𝑃𝑃𝐴𝐴 ÷ 12 𝑃𝑃𝐿𝐿𝑐𝑐ℎ𝑃𝑃𝑐𝑐𝑜𝑜𝐿𝐿 )
= 1,986 𝑜𝑜𝐿𝐿 

where: 

𝑇𝑇𝑇𝑇𝐿𝐿𝑇𝑇𝑇𝑇 𝐴𝐴𝐴𝐴𝑃𝑃𝑇𝑇 𝑇𝑇𝑜𝑜 𝑇𝑇𝑇𝑇𝑇𝑇 𝑐𝑐𝑇𝑇𝑐𝑐𝑃𝑃𝑇𝑇𝐿𝐿𝑃𝑃𝐿𝐿𝐿𝐿𝑐𝑐  = sum of the area per component from the vendor’s list (2,343 ft2) 
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4.5 𝑃𝑃𝐿𝐿𝑐𝑐ℎ𝑃𝑃𝑐𝑐 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑑𝑑𝑃𝑃𝑇𝑇𝑐𝑐𝑃𝑃𝐿𝐿𝑃𝑃𝐴𝐴  = outer diameter of 4” nominal pipe 

The applicant used the National Mechanical Insulation Committee (NMIC) Energy Calculator for Horizontal Piping online tool 
to calculate the heat loss (Btu/hr) from the 4” diameter piping (See Figure 2-1 below). The NMIC calculator has inputs for 
pipe diameter, pipe length, fluid temperature, ambient temperature and wind speed and outputs heat loss (Btu/hr) for bare 
pipe and insulated pipe (1” thick insulation is used).  

The following inputs were used in the NMIC calculator. 

• Nominal Pipe Size = 4 inches 

• Pipe Length = 1,986 feet 

• Operating Temperature = 240°F. This value was estimated based on the vendor’s operating temperature for each 
component. The average temperature of all components weighted by component area is 246°F. The vendor 
appears to have rounded down to select 240°F as the input into the calculation tool. 

• Ambient Temperature = 90°F, which is estimated by the applicant. 

• Wind Speed = 0 MPH since all of the piping is located indoors 

Figure 2-1. Applicant calculation screenshot 

 

*Boiler efficiency shown in the NMIC calculator screenshot is not used in the calculation of pipe heat loss values, which are the only tool 

outputs used in the savings calculations. 

The applicant used the NMIC calculator heat loss (Btu/hr.) outputs and estimated operating hours and boiler efficiency to 
calculate gas savings. 

𝐴𝐴𝐿𝐿𝐿𝐿𝐴𝐴𝑇𝑇𝑇𝑇 𝑇𝑇ℎ𝑃𝑃𝐴𝐴𝑐𝑐𝑐𝑐 𝑆𝑆𝑇𝑇𝑆𝑆𝑃𝑃𝐿𝐿𝐿𝐿𝑐𝑐 =
 𝐻𝐻𝑇𝑇𝐴𝐴𝐴𝐴𝑐𝑐  ×  �𝐵𝐵𝑇𝑇𝐴𝐴𝑃𝑃 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿𝐿𝐿 𝐻𝐻𝑃𝑃𝑇𝑇𝐿𝐿 𝐹𝐹𝑇𝑇𝑇𝑇𝐹𝐹 �𝐵𝐵𝐿𝐿𝐴𝐴ℎ𝐴𝐴 � −   𝐼𝐼𝐿𝐿𝑐𝑐𝐴𝐴𝑇𝑇𝑇𝑇𝐿𝐿𝑃𝑃𝑑𝑑 𝐻𝐻𝑃𝑃𝑇𝑇𝐿𝐿 𝐹𝐹𝑇𝑇𝑇𝑇𝐹𝐹 �𝐵𝐵𝐿𝐿𝐴𝐴ℎ𝐴𝐴 ��

𝐵𝐵𝑇𝑇𝑃𝑃𝑇𝑇𝑃𝑃𝐴𝐴 𝑃𝑃𝑜𝑜𝑜𝑜𝑃𝑃𝑐𝑐𝑃𝑃𝑃𝑃𝐿𝐿𝑐𝑐𝑒𝑒 × 100,000 𝐵𝐵𝐿𝐿𝐴𝐴
𝐿𝐿ℎ𝑃𝑃𝐴𝐴𝑐𝑐
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where: 

𝐻𝐻𝑇𝑇𝐴𝐴𝐴𝐴𝑐𝑐  = 6,887 hours and is based on the weighted average of the operating hours input by the 
vendor for each component, weighted by surface area of each component. 

𝐵𝐵𝑇𝑇𝑃𝑃𝑇𝑇𝑃𝑃𝐴𝐴 𝑃𝑃𝑜𝑜𝑜𝑜𝑃𝑃𝑐𝑐𝑃𝑃𝑃𝑃𝐿𝐿𝑐𝑐𝑒𝑒 = 83%. 

2.2.3 Evaluation assessment of applicant methodology 
The evaluator agrees with the majority of the inputs and methodology used by the PA to calculate applicant savings. The 
evaluator used the calculator to confirm the base and proposed case heat loss and replicated the one-line calculation. The 
evaluator calculations resulted in equal savings to the applicant. However, the evaluator identified an error in the calculation 
of the area of each piping section. The area of each piping section is calculated using the pipe nominal diameter and not the 
actual outer diameter. Using the outer diameter increases the surface area of the piping from 1,041 ft2 to 1,219 ft2 or the total 
area of the insulated piping and components from 2,343 ft2 to 2,521 ft2. The increase in pipe area leads to an increase in 
equivalent length of 4” piping and associated piping heat loss. 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators performed a virtual site visit on 3/19/21, as the site was not allowing visitors due to the pandemic. The 
evaluator discussed the project and interviewed the site contact, a Department of Facilities Project Manager.  

A summary of the site interview is presented below: 

1. The site contact noted this project was implemented to assist with the campus greenhouse gas goals and to meet 
energy savings goals the site has agreed to with the PA. The project was installed in November and December 
2019. 

2. Campus steam is generated at 200 psig by a combination of a cogeneration plant and boilers where the 
cogeneration plant provides the base load and the boilers provide trim. Steam pressure is regulated at each 
building by pressure reducing valves with the building pressure setpoint varying by building. Steam is used at each 
building covered in this application for space heating, pool heating and/or domestic hot water heating. All of the 
insulation was installed in unconditioned mechanical rooms. 

3. The site has not installed any other measures which would impact the insulation measure savings.  

4. The vendor maintains an online inventory of the equipment insulated along with pictures of most pieces of 
equipment or section of piping and the evaluator was granted access the vendor’s website 

A summary of the on-site verification is provided in Table 2-2. 

Table 2-2. Measure verification 
Measure Name Verification Method Verification Result 
Piping insulation Reviewed photos of installed insulation from vendor’s project website. Insulation is installed. 

The photos below are a sample of the pre-retrofit un-insulated system and the installed insulation documentation provided 
by the vendor. 



 
Page 6 of 10 
 

DNV  –  www.dnv.com July 1, 2021 Page 6 
 

Figure 2-2 Representative piping photo                              Figure 2-3 Representative steam trap photo 

         

2.3.2 Measured and logged data 
A virtual visit was performed for this site; therefore metered data was not collected. 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator classified the measure as an add on with a single baseline. The measure has a single baseline because the 
measure life (15 years) is less than 2/3 of the measure life (24 years) of the underlying heating system. 

The evaluator interviewed the site contact to determine the pre-existing conditions and define “missing or damaged 
mechanical insulation” described in the project application. The site contact stated that the pre-existing case was bare piping 
and equipment and the evaluator verified the pre-existing condition was bare piping by reviewing the vendor’s photos. Based 
on the vendor’s photos it appears that application description of “missing or damaged mechanical insulation” was referring to 
some of the piping sections, which were insulated but a portion of the insulation had fallen off and the measure only covered 
the portion of the insulation that was missing. 
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Table 2-3. Evaluation baseline summary 
Operation Description Value 
Operating hours 6,887 
Equivalent 4” nominal pipe length (ft) 2,136 
Fluid temperature (°F) 240 
Ambient temperature (°F) 90 
Baseline heat loss (Btu/hr) 930,278 
Boiler efficiency 83% 

2.4.2 Evaluation calculation method 
The evaluator followed the same calculation methodology as the applicant and the evaluator did not make any updates to 
the calculation inputs. The evaluator used the base evaluation approach; therefore metering was not performed and only 
non-operational discrepancies were considered. A description of the evaluator’s review of the applicant’s calculations is 
below. 

- Pre-project errors (inputs or calculations) – As noted in Section 2.2.3, the evaluator identified an error in the 
applicant’s calculation of the piping area. The area of each piping section is calculated using the pipe nominal 
diameter and not the actual outer diameter. The evaluator updated the piping diameter used in the area calculation 
based on the information presented in Table 2-3. 

Table 2-4. Pipe Nominal to Outer Diameter Conversion 
Nominal Diameter Outer Diameter 

0.50 0.840 
0.75 1.050 
1.00 1.315 
1.25 1.660 
1.50 1.900 
2.00 2.375 
2.50 2.875 
3.00 3.500 
4.00 4.500 
5.00 5.563 
6.00 6.625 
8.00 8.625 

10.00 10.75 
48.00 48.000 

The area of each piping section is calculating using the formula below: 

𝐴𝐴𝐴𝐴𝑃𝑃𝑇𝑇 𝑇𝑇𝑜𝑜 𝑃𝑃𝑇𝑇𝑐𝑐ℎ 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿𝐿𝐿 𝑐𝑐𝑃𝑃𝑐𝑐𝐿𝐿𝑃𝑃𝑇𝑇𝐿𝐿 = 𝑂𝑂𝐴𝐴𝐿𝐿𝑃𝑃𝐴𝐴 𝐷𝐷𝑃𝑃𝑇𝑇𝑐𝑐𝑃𝑃𝐿𝐿𝑃𝑃𝐴𝐴 × 𝜋𝜋 × 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝐿𝐿𝐿𝐿 𝐿𝐿𝑃𝑃𝐿𝐿𝐿𝐿𝐿𝐿ℎ 

Using the outer diameter increases the surface area of all piping sections from 1,041 ft2 to 1,219 ft2 or the total area of the 
insulated piping and components from 2,343 ft2 to 2,521 ft2.The updated area is used in the calculation of the equivalent 
length of 4” piping as shown in Section 2.2.2 and the rest of the applicant’s methodology is followed to calculate the updated 
gas savings. 
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Methodology - The evaluator agreed with the PA’s use of the NMIC Calculator because it provides the same results as the 
standard evaluation methodology for of 3E Plus; therefore, the evaluator did not adjust the methodology. 

Operating hours – Metering was not performed; therefore the operating hours could not be confirmed. The site contact 
stated that the campus steam system operates continuously throughout the year; therefore they expect that each 
mechanical room (where steam enters each building) is always live with steam. Steam use varies by building with some lab 
buildings requiring heat year round for reheat and one building with a pool also requiring heat year round. 

Quantity - The evaluator confirmed the length of piping and number of buildings during the site interview. The evaluator was 
provided access to the vendor’s website with the installation inventory and photos and the photo inventory is consistent with 
the list of equipment used in the calculations.  

Operating load – Campus steam is provided at 200 psi, but regulated down at each building. Metering was not performed; 
therefore the fluid temperature at each building could not be confirmed or updated.  

The evaluator agrees with the applicant’s savings calculation methodology and did not make any adjustments to the 
calculation method. 

2.4.3 Cross-check with utility billing data 
Billing data was not available specific to each building because the buildings are served by a central campus steam plant. 
Bill data was not available for the central campus plant, but the plant serves ~190 buildings and ~13 million square feet so 
the impact of this measure would not be reflected the plant monthly gas consumption.  

. 
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3 FINAL RESULTS 
The project consisted of installing insulation on 2,343 ft² of bare piping, fittings, valve, and heat exchangers across 10 
buildings on a university campus. The evaluated savings are equal to the applicant savings. Table 3-1 summarizes the key 
parameters used to calculate the energy savings for the measure. 

Table 3-1. Summary of key parameters 
Parameter Applicant Evaluator 
Equivalent 4” nominal pipe length (ft) 1,986 2,136 
Baseline (bare pipe) heat loss (Btu/hr) 864,950 930,278 
Proposed (insulated pipe) heat loss (Btu/hr) 94,748 101,904 
Weighted average operating hours 6,887 6,887 
Boiler efficiency 83% 83% 
Savings 

  

Annual natural gas savings (therms) 63,908 68,735 
Natural gas realization rate 108% 

3.1 Explanation of differences 
The evaluated savings are greater than the tracked savings due to the increase in pipe area. Table 3-2 provides a summary 
of the differences between tracking and evaluated values. 

Table 3-2. Summary of deviations 

End-use Discrepancy Parameter 
Impact of 
Deviation Discussion of Deviations 

HVAC Measure size 
or quantity 

Piping area +8% Increased savings –The evaluator adjusted the piping 
diameter used to calculate piping area, which leads to an 
increase in baseline heat loss and an increase in savings. 

3.2 Lifetime savings 
The measure has a single baseline because the measure life (15 years) is less than 2/3 of the measure life (24 years) of the 
underlying heating system. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (years) 

OYF = 100% for single-baseline measures/ 90% for dual-baseline measures. This 
factor accounts for dual-baseline impacts. 

The evaluated lifetime savings are equal to the tracking lifetime savings because the evaluated first year savings are equal 
to the tracking first year savings. Table 3-2 provides a summary of key factors that influence the lifetime savings. 
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Table 3-3. Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 958,623 1,031,025 N/A 
First year savings (therms) 63,908 68,735 8% 
Measure lifetime (years) 15 15 0% 
Measure life reference Tracking MA TRM for boiler 

controls 
N/A 

Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts associated with this site. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at a university and consisted of the installation of 229 sq.ft. of fiberglass insulation of 
various thicknesses on previously bare pipes and valves in the mechanical room of a university laboratory building in 2019. 
The steam system serves space heating, summer reheat, and hot water (produced via two steam-to-hot water heat 
exchangers). The insulated pipes and fixtures carry steam and condensate with temperatures ranging from 170°F to 338°F. 
The steam system is energized year-round without significant variation. The facility is part of a university campus with a 
central heating plan that provides steam to this building at 100 psig, the pressure is then reduced at the facility to 10 psig. 
The installed insulation reduces heat loss from the insulated surfaces, thereby reducing the natural gas consumption. 

The applicant classified the project as a retrofit with preexisting conditions as the baseline. This measure saves natural gas 
by reducing the heat losses from the hot surfaces to the unconditioned mechanical space. The applicant calculated the 
project impacts using a proprietary tool and the PA calculated impacts for the same project using an online heat loss 
calculator. The tracked savings value is the average of the savings outputs from the two approaches. 

The evaluators verified through discussions with the site contact that the facility’s steam production was not impacted by the 
pandemic and that site visits and data metering are possible. Hence, the evaluators conducted the evaluation using a 
standard measurement and verification (M&V) methodology.  

Based on the review of the project documentation and on-site findings, the evaluators classified the project as an add-on 
with preexisting condition as the single baseline.  

To calculate the project impacts, the evaluators used the 3EPlus modelling software to calculate the heat loss rates. The 
evaluated savings were less than the tracking savings, primarily due to the applicant inaccurate savings calculation 
methodology. The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application 
ID Measure Name  

Savings 
(Therms/yr) 

Measure Life 
(years) 

Lifetime Savings 
(Therms) 

MA19P00005825 Pipes and fixtures 
insulation 

Tracked 6,867 15 103,005 

Evaluated 6,681 15 100,215 
Realization rate 97% N/A 97% 

N/A = Not applicable. 

1.1 Explanation of deviations from tracking 
The evaluated savings are 3% less than the applicant-reported savings primarily because the ambient indoor temperature 
was higher than the value used by the applicant to calculate the heat loss rates from the insulated pipes and components. 
Adjustments to the analysis inputs based on site findings also contributed to the deviations from the tracking savings. 
Further details regarding deviations from the tracked savings are presented in Section 3-1. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no recommendations at this time. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the installation of pipe insulation on steam and condensate pipes of various diameters and canvas 
jacket insulation on steam and condensate distribution system fixtures and components located in the mechanical room of a 
university building. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
The applicant classified the measure as retrofit with the preexisting condition as the baseline. The applicant’s baseline 
included the preexisting steam distribution system with bare surfaces. Based on a survey conducted by a third-party vendor, 
the facility identified 64 sections of uninsulated hot surfaces with a total surface area of 229 sq.ft. The survey also included 
the fluid operating temperatures, ambient temperature, and operating hours of the identified uninsulated surfaces. Table 2-1 
presents the main parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Number of identified uninsulated sections 64 
Total surface area of hot surfaces 229 sq.ft. 
Average fluid operating temperature (weighted by surface area) 212°F 
Ambient temperature 80°F 
Boiler efficiency 80% 
Annual energized hours for the steam system 8,760 
Insulation thickness None 

2.2.1 Applicant description of installed equipment and operation 
The applicant as-built consisted of the surveyed surfaces with a combination of 1”, 1.5”, and 2” thick insulation and insulation 
jackets. The hours of operation, operating temperatures, and boiler efficiency used for the proposed condition matched 
those of the baseline condition. Table 2-2 presents the applicant’s proposed key input parameters for this measure. 

Table 2-2. Applicant as-built summary 
Operation Description Value 
Number of identified insulated sections 64 
Total surface area of hot surfaces 229 sq. ft. 
Average fluid operating temperature (weighted by surface area) 212°F 
Ambient temperature 80°F 
Boiler efficiency 80% 
Annual energized hours for the steam system 8,760 
Insulation thickness A mix of 1”, 1.5”, and 2” thick pipe insulation and 

insulation jackets 
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2.2.2 Applicant energy savings algorithm 
The project documents include a custom spreadsheet calculation file labelled “Vendors worksheet w ES review.xlsx”. In this 
custom analysis spreadsheet, the applicant calculated the project impacts using a proprietary tool and the PA calculated 
impacts for the same project using an online heat loss calculator. The tracked savings value is the average of the savings 
outputs from the two approaches. Figure 2-1 shows a screenshot from the applicant savings calculations file. 

Figure 2-1. Applicant savings calculations 

 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
Overall, the evaluators found the applicant’s savings methodology reasonable. Both the proprietary tool used by the third-
party vendor and the online heat loss calculator reference the ASTM C680 standard (which is the same standard used in 3E 
Plus software) to calculate the heat loss rate. The evaluator’s quantification of the heat loss rate using 3EPlus software 
produced results comparable to, but not exactly matching to the values reported by the applicant. The evaluators calculated 
the measure impacts using 3EPlus. 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on April 2, 2021. During the site visit, the evaluators interviewed the facility manager 
and verified the assumptions used by the applicant in the savings calculations and the conditions of the pipe insulation and 
fittings insulation jackets. A summary of the on-site verification is provided in Table 2-3. 

Table 2-3. Measure verification 
Measure Name Verification Method Verification Result 
Equipment insulation Visual inspection of hot surfaces and 

as-built thermal insulation 
The thermal insulation was installed and in working 
condition 

During the site visit, the evaluator verified the following information: 

• The facility is supplied with steam by a central heating plant. The heating plant operates 8,760 hours per year. 

Item Location 1 Location 2 Location 3 Description
Nominal 
Pipe Size

Pipe 
Straight 

Feet
Elbows + 

Tees
Operating 
Temp ⁰F

Ambient 
Temp

SF/ 
component Hrs in service/yr.

1 B9 - - 4" Hard Pipe Insulation x1' 1 1/2" 4.00 30.00 2.0 200 80 33.06 8760
2 B9 - - 4 Crane Gate Valve 125/150 (0-299°F) 1" 4.00 - - 200 80 3.45 8760
3 B9 - - 4 Crane Gate Valve 125/150 (0-299°F) 1" 4.00 - - 200 80 3.45 8760
4 B9 - - 4 Basket Strainer 125/150 1" (0-299°F) 4.00 - - 200 80 18.92 8760
5 B9 - - 2" Hard Pipe Insulation x1' 1" (0°-299°F) 2.00 35.00 2.0 200 80 18.74 8760
6 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
7 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
8 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
9 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760

10 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
11 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
12 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
13 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
14 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
15 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
16 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
17 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
18 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
19 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
20 B9 - - 2" Union (0-299°F) 1" 2.00 - - 200 80 0.19 8760
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• The evaluators were not able to obtain the combustion efficiency or EMS data from the facility’s central heating plant. 
The evaluators requested this information from the site contact but were not able to obtain it. The site contact confirmed 
that the 80% efficiency value used by the applicant was a reasonable estimate. 

• The as-built insulation thickness reasonably matched with the value reported in the applicant analysis. 
• The surface area of the hot surfaces reasonably matched with the value reported in the applicant analysis. 

2.3.2 Measured and logged data 
The evaluator deployed temperature probes with data loggers on several fittings to verify the operation as described by the 
applicant and site contact. The metering period was from April 2, 2021 through June 3, 2021. Based on the information 
provided by the site contact and the metered data, the evaluator determined that the facility’s steam system operation was 
not impacted by the pandemic situation and the metering period was representative of the steam system operation. Table 
2-4 presents the loggers deployment details. 

Table 2-4. Data loggers’ deployment details 

Data Logger Type Parameter Time Interval Duration 
Seven HOBO Loggers with temperature 
probes 

Hot surface temperature (°F)  15-minute 9 weeks 

Two HOBO Loggers with temperature 
probes 

Mechanical room ambient temperature (°F) 15-minute 9 weeks 

During the site visit, the evaluators sampled the impacted hot surfaces using operating temperatures to group by usage the 
locations impacted by each line item in the scope inventory and deployed metering equipment on the sampled hot surfaces. 
The evaluator installed a minimum of one logger in each sampled usage group. The evaluator also took multiple spot 
measurements on each metered hot surface. Three of the loggers that were installed on hot surfaces failed during the 
metering period; one was removed by the site contact and two loggers failed to record any usable data. For the usage 
groups with non-usable metered data, the evaluators used the spot-measured surface temperature values to calculate the 
impacts. Table 2-5 presents the quantity of loggers installed per each sampled usage group. 

Table 2-5. Sampled usage groups 
Sampled Usage Groups Count of Line Items Loggers Installed Loggers Failed and not Used 
170 6 1 1 
200 32 2 1 
239 14 3 0 
267 4 0 0 
338 8 1 1 
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Figure 2-2 shows the surface temperature of two metered hot surfaces and the ambient air temperature inside the 
mechanical room. 

Figure 2-2. Sample metered data - hot surfaces and ambient temperatures 

 

The metered data in Figure 2-2 above shows that the metered sections were energized 24/7 for the entire metering period. 
The evaluator calculated the fluid operating temperatures based on the metered data, which are presented in Table 2-6. 

Table 2-6. Calculated average surface operating temperature 
Applicant Surface Operating Temperature Evaluated Surface Operating Temperature 
170 169.4 
200 201.8 
239 224.3 
267 267 
338 338 

During the site visit the evaluator spot-measured the surface temperature of the pipes at 170°F and 338°F. Both the spot-
measured values and the metered data were within reasonable agreement with the applicant values. Because the metered 
data reasonably agree with the applicant value for the majority of the metered surface temperatures, for the sections that 
were reported to be at a surface temperature that the evaluator was not able to inspect or install a meter on, the evaluator 
used the applicant value as proxy to calculate the measure impacts. 

The metered data in Figure 2-2 above shows that the average ambient temperature is 89.2°F which is higher than the 
applicant value of 80°F. The evaluator updated the ambient temperature input when to calculate the project impacts. 
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2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
Based on the project documentation and on-site findings, the evaluator classified the measure as an add-on with preexisting 
conditions as single baseline. The single baseline was determined because the measure life (15 years) is smaller than two 
thirds of the life of the underlying equipment (25 years). The preexisting condition consisted of the underlying heating system 
with 229 sq. ft. of uninsulated hot surfaces. Table 2-7 presents the evaluator’s baseline key input parameters. 

Table 2-7. Evaluator baseline summary 
Operation Description  Value 
Number of identified insulated sections 64 
Total surface area of hot surfaces 229 sq. ft. 
Average fluid operating temperature (weighted by surface 
area) 

210°F 

Ambient temperature 89°F 
Boiler efficiency 80% 
Annual energized hours for the steam system 8,760 
Insulation thickness None 

2.4.2 Evaluation calculation method 
The evaluator calculated the measure impacts using a similar methodology as the applicant’s methodology. The evaluator 
used 3EPlus to calculate heat loss for all components included in the applicant analysis. The 3EPlus inputs: ambient, fluid 
operating temperature and heating plant efficiency were based on the metered data and on-site verification. The evaluator 
used “Tank Shell-Horizontal” as the system application in 3EPlus for all fixtures and fittings and used “Pipe-Horizontal” for all 
pipes. The evaluators also used “Heat Flow Limitation” as the calculation type in 3EPlus for all line items included in the 
project. This calculation type was selected because when using this calculation type with the applicant inputs in 3EPlus, the 
evaluators were able to produce the closest match of heat loss rate to the applicant value.   

The evaluator calculated the savings for each line item using the following formula:  

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑆𝑆𝑆𝑆 × (𝐻𝐻𝐻𝐻𝐻𝐻 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖) × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆

100,000 × 𝜂𝜂
 

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  = Annual energy savings per year (therms) 

𝑆𝑆𝑆𝑆  = Surface area of pipe or fitting (ft2) 

𝐻𝐻𝐻𝐻𝐻𝐻 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = baseline heat loss from baseline piping (Btu/hr/ ft2)  

𝐻𝐻𝐻𝐻𝐻𝐻𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖  = heat loss from installed insulated piping (Btu/hr/ ft2) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆 = Annual energized hours of operation, 8760 hours 

𝜂𝜂 = Steam plant efficiency, 80% 

The evaluated savings for this measure is 6,284 therms per year. 
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2.4.3 Cross-check with utility billing data 
The building is provided with steam through a central heating plant that serves multiple buildings within the same campus. It 
is likely that the savings are insignificant (less than 5%) compared to the total natural gas consumption of the central heating 
plant. Thus, the evaluator determined that billing analysis is not appropriate for this site.  
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3 FINAL RESULTS 
The project consisted of installing hard pipe insulation and insulation jackets on 229 sq.ft. of hot surfaces in a mechanical 
room of a university building. The applicant calculated the savings using a spreadsheet-based analysis. The evaluator 
calculated the savings using a similar methodology as the applicant’s with updated parameters. The parameters impacting 
the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Baseline Applicant Evaluator 
Impacted system 229 ft2 of bare hot surfaces 229 ft2 of bare hot surfaces 
Boiler plant efficiency 80% 80% 
Insulation operating hours 8,760 hours/year 8,760 hours/year 
Pipes surface temperature 212°F 210°F 
Mechanical room ambient temperature 80°F 89°F 
As-Built Applicant Evaluator 
Impacted system 229 ft2 of insulated hot surfaces 229 ft2 of insulated hot surfaces 
Boiler plant efficiency 80% 80% 
Insulation operating hours 8,760 hours/year 8,760 hours/year 
Pipes surface temperature 212°F 210°F 
Mechanical room ambient temperature 80°F 89°F 
Savings 

  

Annual natural gas savings (therms) 6,867 6,681 
Natural gas realization rate 97% 

3.1 Explanation of differences 
The evaluated savings are less than the tracked savings, due to the incorrect applicant project characterization. Table 3-2 
provides a summary of the differences between tracking and evaluated values. 

Table 3-2. First-year savings - summary of deviations 

End-use Discrepancy Parameter 
Impact of 
Deviation Discussion of Deviations 

HVAC & 
DHW 

Pre-project 
errors (inputs or 
calculations) 

Ambient indoor 
temperature 

-7.5% Decreased savings ‒ The evaluated ambient indoor air 
temperature was greater than predicted by the applicant. 

HVAC & 
DHW 

Pre-project 
errors (inputs or 
calculations) 

Straight pipes 
surface area 

+5.8% Increased savings ‒ The evaluated surface area of the 
straight pipes was greater than predicted by the 
applicant 

HVAC & 
DHW 

Pre-project 
errors (inputs or 
calculations) 

Hot surfaces 
operating 

temperature 

-1.4% Decreased savings ‒ The evaluated average hot 
surface temperature was smaller than predicted by the 
applicant. 

HVAC & 
DHW 

Analysis 
methodology 

Heat loss 
model 

+0.4% Increased savings – the applicant used a proprietary 
software to calculate the measure impacts. The 
evaluator used 3EPlus with “Tank Shell – Horizontal” and 
“Pipe – Horizontal” as the system applications for fixtures 
and pipes, respectively, to calculate the measure 
savings. 
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3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as an add-on with a 
single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐻𝐻𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖 = 𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖  × [ 𝐻𝐻𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖 +  OYF ×  (𝐸𝐸𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖 − 𝐻𝐻𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖)]  

where: 

𝐻𝐻𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

𝐻𝐻𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖   = 1/3 of 𝐸𝐸𝑅𝑅𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖 (years) 

OYF = 100% for single-baseline measures. 

The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 
smaller than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-3. Measure MA19P00005825 - Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 103,005 100,215 N/A 
First year savings (therms) 6,867 6,681 -3% 
Measure lifetime (years) 15 15 0% 
Measure life reference BCR MA TRM for thermal 

insulation 
N/A 

Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operational N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
The insulated components are installed in unconditioned spaces; hence, there are no ancillary impacts from the evaluated 
measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project consisted of installing fitted insulation jackets on various fittings, valves, and other heating equipment 

and insulation on pipes. All segments of the steam distribution system impacted by the evaluated project are in an 

unconditioned mechanical room of a laboratory building part of a university campus. The applicant calculated the measure 

savings due to the reduction in heat loss between bare and insulation pipes and fittings. 

The applicant classified the measure as a retrofit with a single baseline and calculated the project impacts using a 

combination of spreadsheet-based analysis and online heat loss calculator. The evaluator interviewed the site contact to 

gather details on the pandemic impact on the heating plant at the site. The site contact indicated the heating plant operates 

normally and its operation during the metering period is typical. Based on the information gathered during the initial 

interview, the evaluator determined the site will be evaluated using the Base + Add-on #3 (standard evaluation – M&V). 

Based on the project files and discussion with the site contact, the evaluators determined this measure is an add-on with a 

single baseline as the installed measure life is less than 2/3 of the life of the underlying steam distribution system (boilers). 

The baseline is bare, uninsulated fittings and pipes. The evaluated savings were less than the tracking estimates mainly due 

to the difference between the applicant and evaluated pipe and ambient temperature values. The evaluation results are 

presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 
Measure Life 

(years) 

Lifetime 
Savings 
(Therms) 

MA19P00003067 Add insulation on 
fittings and pipes 

Tracked 11,153 15 167,295 

Evaluated 4,155 15 62,325 

Realization rate 37% N/A 37% 

N/A: not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are 56% less than the applicant-reported savings primarily due to the difference between the 

applicant and evaluated pipe and ambient temperature values. Further details regarding deviations from the tracked savings 

are presented in Section 3-1. 

1.2 Recommendations for program designers and implementers 
There are no recommendations currently. 

1.3 Customer alert 
The participant requested a copy of the report. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 

applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the installation of fitted insulation jackets and insulation for bare fittings, valves, pipes, and other 

heating equipment. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 

assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
The applicant classified the measure as retrofit with the preexisting condition as the baseline. The applicant’s baseline 

included the preexisting steam distribution system with bare surfaces. Based on a survey conducted by a third-party vendor, 

the facility identified 47 locations with uninsulated hot surfaces with a total surface area of 292.43 sq.ft. The survey also 

included the fluid operating temperatures, ambient temperature, and operating hours of the identified uninsulated surfaces. 

Table 2-1 presents the main parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 

Number of identified uninsulated locations 47 

Total surface area of hot surfaces 292.43 sq.ft. 

Average fluid operating temperature 239°F – 32 locations with a surface area of 240.93 sq.ft. 
274°F – 15 locations with a surface area of 51.50 sq.ft. 

Ambient temperature 80°F – 47 locations with a surface area of 292.43 sq.ft. 

Boiler efficiency 80% 

Annual energized hours for the steam system 8,760 

Insulation thickness None 

2.2.1 Applicant description of installed equipment and operation 
The applicant as-built consisted of the surveyed surfaces with a combination of 1”, 1.5”, and 2” thick insulation and insulation 

jackets. The hours of operation, operating temperatures, and boiler efficiency used for the proposed condition matched 

those of the baseline condition. Table 2-2 presents the applicant’s proposed key input parameters for this measure. 
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Table 2-2. Applicant proposed summary 
Operation Description Value 

Number of identified insulated sections 47 

Total surface area of hot surfaces 292.43 sq.ft. 

Average fluid operating temperature 239°F – 32 locations with a surface area of 240.93 sq.ft. 
274°F – 15 locations with a surface area of 51.50 sq.ft. 

Ambient temperature 80°F – 47 locations with a surface area of 292.43 sq.ft. 

Boiler efficiency 80% 

Annual energized hours for the steam system 8,760 

Insulation thickness 1” – 41 locations with a surface area of 279.37 sq.ft. 
10 mm (0.4”) - 6 locations with a surface area of 13.06 sq.ft. 

2.2.2 Applicant energy savings algorithm 
The project documents include a custom spreadsheet calculation file labelled “ES review.xlsx”. In this custom analysis 

spreadsheet, the applicant calculated the project impacts using a proprietary tool and the PA calculated impacts for the 

same project using an online heat loss calculator. The tracked savings value is the average of the savings outputs from the 

two approaches. Figure 2-1 shows a screenshot from the applicant savings calculations file. 

Figure 2-1. Applicant savings calculations 

 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
Overall, the evaluators found the applicant’s savings methodology reasonable. Both the proprietary tool used by the third-

party vendor and the online heat loss calculator reference the ASTM C680 standard (which is the same standard used in 3E 

Plus software) to calculate the heat loss rate. The evaluator’s quantification of the heat loss rate using 3EPlus software 

produced results comparable to, but not exactly matching to the values reported by the applicant. The evaluators calculated 

the measure impacts using 3EPlus. 

  

Item Description

Nominal 

Pipe Size

Pipe 

Straight 

Feet

Elbows + 

Tees

Operating 

Temp ⁰F

Ambient 

Temp

SF/ 

component Hrs in service/yr.

Insulation 

Thickness

Bare BTU/hr/sf 

lost

Insulated BTU/hr/sf 

lost

1 4 Bonnet ‐ Gate 125/150 (0‐299°F) 1" 4.00 ‐ ‐ 239 80 1.73 8760 1" 390.50 36.21

2 4 Bonnet ‐ Gate 125/150 (0‐299°F) 1" 4.00 ‐ ‐ 239 80 1.73 8760 1" 390.50 36.21

3 4 Bonnet ‐ Gate 125/150 (0‐299°F) 1" 4.00 ‐ ‐ 239 80 1.73 8760 1" 390.50 36.21

4 4 Bonnet ‐ Gate 125/150 (0‐299°F) 1" 4.00 ‐ ‐ 239 80 1.73 8760 1" 390.50 36.21

5 4 Bonnet ‐ Gate 125/150 (0‐299°F) 1" 4.00 ‐ ‐ 239 80 1.73 8760 1" 390.50 36.21

6 4 Bonnet ‐ Gate 125/150 (0‐299°F) 1" 4.00 ‐ ‐ 239 80 1.73 8760 1" 390.50 36.21

7 4 Bonnet ‐ Gate 125/150 (0‐299°F) 1" 4.00 ‐ ‐ 239 80 1.73 8760 1" 390.50 36.21

8 4 Bonnet ‐ Gate 125/150 (0‐299°F) 1" 4.00 ‐ ‐ 239 80 1.73 8760 1" 390.50 36.21

9 2 FT Steam Trap (0°‐299°F) 10mm Exterior 2.00 ‐ ‐ 239 80 3.11 8760 10mm 407.50 43.16

10 2 FT Steam Trap (0°‐299°F) 10mm Exterior 2.00 ‐ ‐ 239 80 3.11 8760 10mm 407.50 43.16

11 1 FT Steam Trap (0°‐299°F) 10mm Exterior 1.00 ‐ ‐ 239 80 1.83 8760 10mm 429.60 40.19

12 2.5 Flange 125/150 (0‐299°F) 1" 2.50 ‐ ‐ 239 80 1.22 8760 1" 401.70 33.89

13 Condensate Receiver ‐ ‐ ‐ 239 80 9.72 8760 1" 413.36 44.52

14 0.75 FT Steam Trap (0°‐299°F) 10mm Exterior 0.75 ‐ ‐ 239 80 1.67 8760 10mm 440.30 38.80

15 0.75 FT Steam Trap (0°‐299°F) 10mm Exterior 0.75 ‐ ‐ 239 80 1.67 8760 10mm 440.30 38.80

16 4 Gate Valve 125/150 (0‐299°F) 1" 4.00 ‐ ‐ 274 80 3.45 8760 1" 510.60 45.39

17 4'' Reducer 125/150 (0‐299°F) 1" 4.00 ‐ ‐ 274 80 2.36 8760 1" 510.60 45.39
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2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on February 23, 2021. During the site visit, the evaluators interviewed the facility pipe 

fitter and verified the installed insulation. A summary of the on-site verification is provided in Table 2-3. 

Table 2-3. Measure verification 

Measure Name Verification Method Verification Result 
Equipment insulation Visual inspection of hot surfaces and 

as-built thermal insulation. 
The thermal insulation was installed and in working 
condition. 

During the site visit, the evaluator verified the following information: 

 The facility is supplied with steam by a central heating plant. The heating plant operates 8,760 hours per year. 

 The as-built insulation thickness reasonably matched with the value reported in the applicant analysis. 

 All segments impacted by the measure are in unheated spaces. 

 The surface area of the hot surfaces reasonably matched with the value reported in the applicant analysis. 

 The evaluators were not able to obtain the combustion efficiency or EMS data from the facility’s central heating plant. 

The evaluators requested this information from the site contact but were not able to obtain it. The site contact confirmed 

that the 80% efficiency value used by the applicant was a reasonable estimate. 

2.3.2 Measured and logged data 
The evaluator deployed ten data loggers to characterize the operating profile of the heating loop segments impacted by the 

evaluated project. The metering period was approximately nine weeks (from February 23, 2021 to April 28, 2021). Table 2-3 

presents the logger deployment details. 

Table 2-4. Data logger deployment details 

Data Logger Type Parameter Time Interval Duration Quantity 

HOBO single channel thermocouple logger Steam operating temperature 5 – minute 9 weeks 10 

HOBO double channel thermocouple logger Ambient temperature 5 – minute 9 weeks 10 

The evaluator used the data recorded by all ten loggers and averaged the temperature values metered to calculate annual 

averages for steam and hot water (condensate) segments of the heating distribution system. A summary of the average 

metered temperature values is presented in Table 2-5. For convenience, Table 2-5 also shows the values the applicant used 

to calculate the measure impacts. 

Table 2-5. Summary of metered temperature data 

Heating System Segment 
Evaluator Applicant 

Pipe 
Temperature (°F) 

Ambient 
Temperature (°F) 

Pipe 
Temperature (°F) 

Ambient 
Temperature (°F) 

Steam segment – 15 locations 262.3 102.9 274 80 

Hot water segment – 32 locations 143.2 91.8 239 80 

Figure 2-2 shows temperature values metered on a segment that is energized with steam [line item 46 (next to B05A back 

by pumps) from the applicant’s inventory]. 
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Figure 2-2. Steam segment example - metered temperature values 

 

The evaluators metered three separate steam segments and used the metered data to calculate the annual average steam 

and ambient temperature values presented in Table 2-5 above. 

Figure 2-3 shows temperature values metered on a segment that is apparently carrying hot water [line item 45 (next to B05A 

ride side door) from the applicant’s inventory]. 

Figure 2-3. Hot water segment example - metered temperature values 

 

The evaluators metered seven separate hot water segments and used the metered data to calculate the annual average hot 

water and ambient temperature values presented in Table 2-5 above. 

50

100

150

200

250

300

0 10 20 30 40 50 60 70 80

M
et

er
ed

 t
em

pe
ra

tu
re

 (
°F

)

Outdoor air temperature (°F)
Steam temperature Ambient temperature

50

70

90

110

130

150

170

0 10 20 30 40 50 60 70

M
et

er
ed

 t
em

pe
ra

tu
re

 (
°F

)

Outdoor air temperature (°F)

Steam temperature Ambient temperature



 
Page 7 of 11 
 

DNV  –  www.dnv.com August 17, 2021 Page 7

 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
Based on the project documentation and on-site findings, the evaluator classified the measure as an add-on with preexisting 

conditions as single baseline. The single baseline was determined because the measure life (15 years) is smaller than two 

thirds of the life of the underlying equipment (25 years). The preexisting condition consisted of the underlying heating system 

with 292.43 sq. ft. of uninsulated hot surfaces. Table 2-7 presents the evaluator’s baseline key input parameters. 

Table 2-6. Evaluator baseline summary 
Operation Description Value 

Number of identified uninsulated sections 47 

Total surface area of hot surfaces 292.43 sq.ft. 

Average fluid operating temperature 143.2°F – 32 locations with a surface area of 240.93 sq.ft. 
262.3°F – 15 locations with a surface area of 51.50 sq.ft. 

Ambient temperature 91.8°F – 32 locations with a surface area of 240.93 sq.ft. 
102.9°F – 15 locations with a surface area of 51.50 sq.ft. 

Boiler efficiency 80% 

Annual energized hours for the steam system 8,760 

Insulation thickness None 

2.4.2 Evaluation calculation method 
The evaluator analyzed the data metered over the nine weeks period at each of the ten locations. For each of the ten 

datasets, the evaluator verified if the metered temperature varies with the outdoor air conditions or varies based on a 

schedule. To calculate ambient and surface temperature values to use in 3EPlus, the evaluator completed the following 

tasks: 

- The ambient temperature recorded at the metered locations did not vary significantly during the metering period. To 

calculate annual ambient temperature averages specific to each metered location, the evaluator averaged the 

ambient temperature values recorded during the metering period. 

- The surface temperature recorded at the metered locations correlate to some degree with the outdoor conditions. 

To calculate annual surface temperature averages specific to each metered location, the evaluator correlated the 

metered surface temperature values to the outdoor conditions and use the correlation equations generated for each 

location and TMY3 data to calculate hourly surface temperature specific to each metered location. To calculate an 

annual surface temperature value for each metered location, the evaluator averaged the hourly TMY3 weather-

normalized surface temperature values. 

- The evaluator averaged annual values for three locations to calculate the surface and ambient temperature for 

heating system segments energized with steam and applied the same method to the temperature values from the 

reminder of the locations to calculate the surface and ambient temperature for hot water segments. 

The evaluator modelled energy savings using 3EPlus simulations to determine bare and insulated heat loss values for each 

unique application using the inventory of impacted segments presented in the vendor audit. The inventory provides locations 

of segments impacted by the project and parameters such as pipe size and insulation type and thickness. All sections 

impacted by the measure are in unheated spaces. 
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In 3EPlus, for all applications, the evaluator used the default calculation type of “heat loss per hours”. Under the system 

application drop down, the evaluator used “tank shell – horizontal” for fitting applications and “pipe – horizontal” for all 

straight pipe applications. For material selection, “850F Mineral Fiber PIPE, Type 1” was used for straight pipe applications 

and “850 MF BLANKET, Type IV” was used for fitting applications. An example of a 3EPlus output is shown in Figure 2-4 

and Figure 2-5. 

Figure 2-4. 3EPlus example – fitting application 

  
Figure 2-5. 3EPlus example - pipe application 
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To model the measure impacts, the evaluator used the system geometry associated with each model as follows: surface 

area for fittings and linear feet for straight pipe. The evaluator calculated the measure impacts for each unique insulated 

application using the following formula: 

𝑆𝑣𝑔𝑠
𝐻𝑜𝑢𝑟𝑠

100,000 𝜂
𝑆𝐴 𝐻𝐿𝑅 𝐻𝐿𝑅 𝐿𝑒𝑛𝑔𝑡ℎ 𝐻𝐿𝑅 𝐻𝐿𝑅  

where, 

𝑆𝑣𝑔𝑠  = Annual energy savings per year (therms) 

𝐻𝑜𝑢𝑟𝑠  = Hours of operation (8760 hours/year) 

100,000  = Therms per Btu conversion 

𝜂  = Boiler efficiency (80%) 

𝑆𝐴   = Surface area of insulated fitting (ft2) 

𝐻𝐿𝑅  = Heat loss rate of bare fitting (Btu/hr/ft2), calculated using 3EPlus 

𝐻𝐿𝑅  = Heat loss rate of insulated fitting (Btu/hr/ft2), calculated using 3EPlus 

𝐿𝑒𝑛𝑔𝑡ℎ  = Length of insulated pipe (ft) 

𝐻𝐿𝑅  = Heat loss rate of bare pipe (Btu/hr/ft), calculated using 3EPlus 

𝐻𝐿𝑅  = Heat loss rate of insulated pipe (Btu/hr/ft), calculated using 3EPlus 

The evaluated savings for this measure is 4,926 therms per year. 

2.4.3 Cross-check with utility billing data 
The building impacted by the evaluated project is provided with steam through a central heating plant that serves multiple 

buildings within the same campus. It is likely that the savings are insignificant (less than 5%) compared to the total natural 

gas consumption of the central heating plant. Thus, the evaluator determined that billing analysis is not appropriate for this 

site 
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3 FINAL RESULTS 
The project consisted of the installation of fitted insulation jackets and insulation for pipes, fittings, valves, and other heating 

equipment. The evaluator classified the measure as an add-on with pre-existing conditions as its single baseline. The 

evaluator used 3EPlus simulations for bare and insulated applications. The evaluated savings are less than the reported 

values. The parameters impacting the analysis are summarized below in Table 3-1. Summary of key parameters. 

Table 3-1. Summary of key parameters 
As-Built Applicant Evaluator 

Ambient temperature (°F) 80 91.8, 102.9 

Operating temperature (°F) 239, 274 143.2, 262.3 

Annual operating hours 8,760 8,760 

Boiler efficiency 80% 80% 

Savings   

Annual natural gas savings (therms) 11,153 4,155 

Natural gas realization rate 37% 

3.1 Explanation of differences 
The evaluated savings are less than the tracked savings, primarily due to the difference in temperature differential between 

heated pipe and ambient air. Table 3-2 provides a summary of the differences between tracking and evaluated values. 

Table 3-2. Summary of deviations 

End-
use Discrepancy Parameter 

Impact of 
Deviation Discussion of Deviations 

HVAC Pre-project errors 
(inputs or calculations) 

Steam 
temperature 

-34% Decreased savings ‒ The evaluated steam (pipe 
surface) temperature was greater than predicted by 
the applicant. 

HVAC Pre-project errors 
(inputs or calculations) 

Ambient 
temperature 

-19% Decreased savings ‒ The evaluated ambient indoor 
air temperature was smaller than predicted by the 
applicant. 

HVAC Analysis methodology Heat loss 
model for linear 
pipe 

-10% Decreased savings – the applicant used a 
proprietary software to calculate the measure 
impacts. The evaluator used 3EPlus with “Tank Shell 
– Horizontal” and “Pipe – Horizontal” as the system 
applications for fittings and pipes, respectively, to 
calculate the measure savings. 

3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as an add-on with a 

single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝑆 𝐹𝑌𝑆    𝑅𝑈𝐿  OYF  𝐸𝑈𝐿 𝑅𝑈𝐿   

where: 

𝐿𝑆    = evaluated lifetime savings (therm) 

𝐹𝑌𝑆    = evaluated first year savings (therm) 
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𝐸𝑈𝐿  = evaluated measure life (years) 

𝑅𝑈𝐿    = 1/3 of 𝐸𝑈𝐿  (years) 

OYF = 100% for this single-baseline measures 

The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 

smaller than the tracking first year savings. The table below provide a summary of key factors that influence the lifetime 

savings. 

Table 3-3. Measure MA19P00003067 - Lifetime savings summary 

Factor Tracking Evaluator Impact of deviation 

Lifetime savings (therms) 167,295 62,325 N/A 

First year savings (therms) 11,153 4,155 -63% 

Measure lifetime (years) 15 15 0% 

Measure life reference Tracking MA TRM for insulation N/A 

Measure event type Retrofit Add-on N/A 

Baseline classification Single – pre-existing Single – pre-existing N/A 

Outyear factor (OYF) 100% 100% 0% 

Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts associated with this measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The project consisted of replacing or repairing 13 preexisting steam traps that have failed in a building at a university 
campus. High pressure steam (100 psig) is produced at a central boiler plant and distributed via high pressure headers to 
the different buildings on campus. Typically, at each building, the high-pressure steam is converted to low/ medium pressure 
steam (10-50 psig). Steam is either distributed directly to the space heating equipment (such as air handlers), to steam-to-
hot-water heat exchangers to produce hot water for space heating and domestic hot water (DHW), or supplied to other end-
uses (autoclaves, kitchen, clothes-dryers). 

Space heating and DHW loads are a function of occupancy in each building. During the pandemic, the occupancy was 
significantly reduced, thereby impacting the operation of the steam distribution systems and, therefore, operation of the 
steam traps. Thus, the evaluators evaluated this site using Base + Add-on#1 - on site verification method and, in the savings 
calculations, the evaluators updated only non-operational parameters. The applicant classified the project as a retrofit with a 
single baseline. The applicant baseline was the preexisting condition of the repaired/replaced steam traps. 

Based on the on-site findings and the review of the project documentation, the evaluator classified the project as a retrofit 
with the preexisting conditions as the single baseline. The evaluator calculated the project savings using the same 
methodology as the applicant’s. All non-operational input parameters matched the applicant value. Since operational 
parameters were not to be modified due to the pandemic, the evaluated savings are the same as the reported tracking 
value. The project realization rate (RR) is 100%. The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application 
ID Measure Name  

Savings 
(Therms/yr) 

Measure Life 
(years) 

Lifetime 
Savings 
(Therms) 

MA19P00003192 Steam traps repair and 
replacement 

Tracked 5,454 6 32,724 
Evaluated 5,454 6 32,724 
Realization rate 100% N/A 100% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluator verified that the measure baseline and quantity of the installed traps are the same as the applicant’s values. 
The evaluator did not update the operational input parameters which included operating hours, steam operating pressure 
and boiler efficiency in the evaluated savings analysis. The evaluated savings are the same as the applicant-reported 
savings. Further details regarding this are presented in Section 3-4. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no customer alerts for this project. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the repair and replacement of 13 failed steam traps at a university campus. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
According to the savings analysis file provided by the applicant, the baseline was the preexisting condition of the 
repaired/replaced steam traps. The preexisting condition was determined based on the result of a steam trap survey 
conducted by a third-party vendor in November 2018. Table 2-1 presents the input parameters of the baseline as defined by 
the applicant. 

Table 2-1. Applicant Baseline Summary 
Operation Description Value 
Number of failed steam traps 13 
Steam traps failed condition 1 trap blowing by; 12 traps leaking 
Steam operating pressure 13 traps at 12 psig 
Steam plant efficiency 80% 
Steam traps operating hours 7 traps at 1,700 hours per year 

6 traps at 8,760 hours per year 
Steam traps orifice size Ranging from 5/32” - 1/2” 

2.2.1 Applicant description of installed equipment and operation 
A steam trap survey was conducted in November 2018 and identified 13 traps which were later repaired/replaced in January 
2019. The applicant’s installed case for this measure assumed that all the installed traps on-site are in good working 
condition. The trap operating pressure, hours of operation, and boiler efficiency used for the installed case matched those of 
the baseline configuration. 

2.2.2 Applicant energy savings algorithm 
The applicant calculated the measure impacts using the revised Custom Steam Trap Savings tool adopted by the PAs in 
2018 – following the completion of the Phase 2 Steam Trap Evaluation completed in March 2017. Figure 2-1 shows a 
screenshot from the applicant savings calculations file. 
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Figure 2-1. Applicant Savings Calculations 

 
Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The applicant correctly used the revised 2017 version of the Custom Steam Trap Savings tool, and the evaluator determined 
the application calculation methodology reasonable. The evaluator calculated the project savings using the same 
methodology as the applicant’s. 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. Since the measure operation 
was heavily affected by the pandemic, Base + Add on #1 (on site verification) approach was adopted for the evaluation. The 
evaluator conducted an on-site visit to verify the installation of the project but did not install any metering equipment. 

2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on March 12, 2021. During the site visit, the evaluators:  

• Interviewed the facility manager to verify that the steam traps were installed. The quantity of the installed traps matched 
with the information included in the project documentation 

• Interviewed boiler plant staff to understand the operation of the boilers and the end-uses they serve. 

• Verified (visual verification, temperature readings, pressure gauge readings, and ultrasonic detection) for 9 steam traps 
and verified that the installed steam traps are operating as intended 

A summary of the on-site verification is provided in Table 2-2. 

Table 2-2. Measure Verification 
Measure 
Name 

Verification Method Verification Result 

Steam traps 
repair and 
replacement 

Visual inspection, ultrasonic and steam trap 
inlet/outlet temperature measurements inspection of 
nine installed steam traps. 

The verified steam traps were installed and 
operating as intended 

During the interview, the site contact described the configuration setup of the heating system at the facility. High pressure 
steam (100 psig) is produced at a central boiler plant and distributed via high pressure headers to the different buildings on 
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campus. Typically, at each building, the high-pressure steam is converted to low/ medium pressure steam (10-50 psig). 
Steam is either distributed directly to the space heating equipment (such as air handlers) , to steam-to-hot-water heat 
exchanger(s) to produce hot water for space heating and domestic hot water (DHW), or supplied to other end-uses 
(autoclaves, kitchen, clothes-dryers). The majority of low/medium steam is distributed directly to space heating equipment 
and to steam-to-hot-water heat exchangers to produce hot water for space heating and DHW. The impacted steam traps are 
on distribution lines that primarily serve space heating and DHW end uses. The boilers are operated on a 24x7 schedule. 
During the site visit, the evaluator could not inspect four traps due to the following reasons: 

• The steam traps were located in high, inaccessible locations. 
• The stream traps were not energized. 

Also, during the site visit, the site contact told the evaluators that the measure operations were impacted by the pandemic 
situation. The evaluators were not able to measure the combustion efficiency of the impacted steam boilers. This university 
facility has a large central boiler plant which provides the steam and has is its own boiler plant department. The site contact 
who assisted with the site visit is not part of the boiler plant department, and thus was not able to provide details regarding 
boiler efficiency and other operating parameters. 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
Based on the project documentation and on-site findings, the evaluators determined the measure is a retrofit with a single 
baseline. The measure baseline was the preexisting conditions as confirmed by the evaluator through discussions with the 
site contact. Table 2-4 presents the evaluator’s baseline key input parameters. 

Table 2-3. Evaluator’s Baseline Summary – Steam Traps 
Operation Description Value 
Number of failed steam traps 13 (same as applicant-reported) 
Steam traps failed condition 1 trap blowing by; 12 traps leaking 

(same as applicant-reported) 
Steam operating pressure 13 traps at 12 psig 

(same as applicant-reported) 
Steam plant efficiency 80% (same as applicant-reported) 
Steam traps operating hours 7 traps at 1,700 hours per year 

6 traps at 8,760 hours per year 
(same as applicant-reported) 

Steam traps orifice size Ranging from 5/32” - 1/2” 
(same as applicant-reported) 

2.4.2 Evaluation calculation method 
The evaluator calculated the savings using the same methodology as the applicant’s with updated input parameters. The 
custom savings equation developed through the reference study is described below. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = �60 ×
𝜋𝜋
4𝐷𝐷

2 × (𝑃𝑃 + 14.7)0.97� ×
𝐿𝐿𝐿𝐿 × 𝐶𝐶𝐷𝐷 × (ℎ𝑔𝑔 − ℎ𝑓𝑓) × 𝐶𝐶𝐶𝐶 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆

100,000 × 𝜂𝜂  

where, 



 
Page 6 of 8 
 

DNV  –  www.dnv.com June 13, 2021 Page 6 
 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  = Annual energy savings per year (therms) 

60  = Empirically derived factor in Grashof equation (lbm/(in0.06-lb0.97-hr)) 

𝐷𝐷  = Diameter of steam trap orifice (inches) 

𝑃𝑃  = Pressure of steam in line at trap (psig); add 14.7 to get psia 

0.97  = Empirically derived factor in Grashof equation 

 𝐿𝐿𝐿𝐿 = Leak factor is determined through field testing and accounts for partially obstructed orifices or 
non-ideal steam flow. Plugged traps use a value of 0% (i.e. no savings result from fixing a 
plugged trap), leaking traps use a value of 26% and blowing by traps use a value of 55%.    

𝐶𝐶𝐷𝐷  = Discharge coefficient (70%) due to trap hole not being a perfect orifice 

ℎ𝑔𝑔,ℎ𝑓𝑓 = Enthalpy of saturated steam and liquid, respectively; associated with specified trap operating 
pressure (Btu/lb) 

𝐶𝐶𝐶𝐶 = Condensate return factor accounting for energy returned from leaking/blowing by traps via a 
condensate return line. (36.3%) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆  = Hours per year that a trap is pressurized and operating 

100,000  = Therms per Btu conversion 

𝜂𝜂  = Boiler plant efficiency 

The evaluator verified that the measure baseline and quantity of the installed traps are the same as the applicant’s values. 
The evaluator did not update the operational input parameters which included operating hours, steam operating pressure 
and boiler efficiency in the evaluated savings analysis. The evaluated measure impacts are 5,454 therms which are the 
same as the applicant’s measure impacts.  

2.4.3 Cross-check with utility billing data 
The evaluators were not able to gather billing data for this facility because the site has a central boiler and CHP plant which 
supplies steam to the whole campus, on a scale comparable to district heating. Therefore, the evaluators could not conduct 
a billing analysis to cross check the tracked savings for this facility. In addition to unavailable data, the evaluators believed 
that the effect of repairing/replacing only 13 steam traps out of thousands of steam traps on campus, would be a minor 
impact on the total gas consumption of the facility and determined that billing data analysis is not appropriate for verifying 
the evaluated savings for this project. 
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3 FINAL RESULTS 
The project consisted of the repair/replacement of 13 failed steam traps at the facility. The applicant calculated savings for 
the steam trap measure using the revised version of the Custom Steam Trap Savings tool with inputs from the completed 
steam trap survey conducted in 2018. The evaluator verified that the measure baseline and quantity of the installed traps are 
the same as the applicant’s values. The evaluator did not update the operational input parameters which included operating 
hours, steam operating pressure, and boiler efficiency in the evaluated savings analysis. The evaluated savings for the 
project were the same as the reported values. The parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of Key Parameters 
Baseline Applicant Evaluator 
Impacted system Boiler plant and steam distribution system with 13 failed steam traps 
Boiler plant efficiency 80% 80% 
Steam operating pressure 13 traps at 12 psig 
Steam trap operating hours 7 traps at 1,700 hours per year 

6 traps at 8,760 hours per year 
As-Built Applicant Evaluator 
Impacted system Boiler plant and steam distribution 

system with 13 repaired steam traps 
Boiler plant and steam distribution 

system with 13 repaired steam traps 
Boiler plant efficiency Same as applicant baseline Same as evaluator baseline 
Steam operating pressure Same as applicant baseline Same as evaluator baseline 
Steam trap operating hours Same as applicant baseline Same as evaluator baseline 
Savings Applicant Evaluator 
Annual natural gas savings (therms) 5,454 5,454 
Natural gas realization rate 100% 

3.1 Explanation of differences 
The evaluator verified that the measure baseline and quantity of the installed traps are the same as the applicant’s values. 
The evaluated savings are the same as the tracked savings. 

3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as a retrofit with a 
single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐿𝐿𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  × [ 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐿𝐿𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives  

𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (years) 

OYF = 100% for this single-baseline measure. This factor accounts for dual-baseline 
impacts. 
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The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 
smaller than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-2. Measure MA19P00003192 - Lifetime Savings Summary 
Factor Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 32,724 32,724 N/A 
First year savings (therms) 5,454 5,454 0% 
Measure lifetime (years) 6 6 0% 
Measure life reference Tracking MA TRM for Steam Traps N/A 
Measure event type Retrofit Retrofit N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts from the evaluated measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at a biotechnology manufacturing facility and consisted of the replacement of 800-ft of 
exterior underground steam and condensate piping with deteriorated insulation, with 812-ft of above ground and 36-ft of 
underground steam and condensate piping with new insulation. Based on the information provided by the site contact, the 
insulation of the preexisting piping system was frequently damaged by the underground seepage water. To eliminate the 
need of the frequent replacement of the insulation, the facility replaced the preexisting underground piping system with 
newly installed above ground piping system and new insulation. The impacted piping segments are energized by steam 
produced by four natural gas-fired high-pressure steam boilers and condensate. The boilers generate 115-psi steam for 
process and operate year-round without significant variation to serve the facility’s process requirements. 

The applicant classified this project as a retrofit with preexisting condition as the baseline. This measure saves energy by 
reducing the losses associated with the facility’s steam distribution system. 

The evaluators verified through discussions with the site contact that the facility’s operation and production were not 
impacted by the pandemic and that site visits and metering are possible. Hence, the evaluators elected to evaluate this site 
as “Base + Add-on #3” which is equivalent to full M&V evaluation approach. 

Based on the review of the project documentation and on-site findings, the evaluators classified the project as an add-on 
with preexisting condition as the single baseline. 

The applicant calculated the project impacts using a combination of spreadsheet-based analysis and 3EPlus modelling 
software. To calculate the project impacts, the evaluators used a different methodology from the applicant’s to calculate the 
heat loss rates for the underground piping system and used 3EPlus to calculate the heat loss rates for the above ground 
piping system. The evaluated savings were less than the tracking savings, primarily due to the applicant’s inaccurate 
savings calculation methodology which overestimated the heat loss rates for the underground steam and condensate piping. 
The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application 
ID Measure Name  

Savings 
(Therms/yr) 

Measure Life 
(years) 

Lifetime Savings 
(Therms) 

MA19P00003781 Piping and insulation 
replacement 

Tracked 32,907 15 493,695 

Evaluated 10,404 15 156,053 
Realization rate 32% N/A 32% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are 68% less than the applicant-reported savings primarily due to the applicant’s inaccurate savings 
calculation methodology which overestimated the heat loss rates for the underground steam and condensate piping. Further 
details regarding deviations from the tracked savings are presented in Section 3-1. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no recommendations at this time.
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The evaluated project consisted of the replacement of 800-ft of underground steam and condensate piping which had 
deteriorated insulation, with 812-ft of above ground and 36-ft of underground steam and condensate piping with new 
insulation. The steam system operates year-round without significant variation to serve the facility’s process end-uses. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
The applicant classified the measure as a retrofit with the pre-existing condition as the baseline. The applicant’s baseline 
consisted of 800-ft of underground steam and condensate piping system with deteriorated insulation which is due to ground  
seepage water. Table 2-1 presents the main parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Underground steam pipes total length 400 ft 
Underground condensate pipes total length 400 ft 
Thermal conductivity of moist soil 0.333 Btu-ft/h-ft2-°F 
Thermal conductivity of dry soil 0.017 Btu-ft/h-ft2-°F 
Steam pipes operating temperature 350°F 
Condensate pipes operating temperature 160°F 
Soil temperature 50°F 
Annual energized hours (for all metered components) 8,760 hrs/yr 
Boiler plant efficiency 80% 

2.2.1 Applicant description of installed equipment and operation 
The applicant installed equipment consisted of 812-ft of an above ground and 36-ft of underground steam and condensate 
piping with various sizes of insulation. All the other operational parameters of the steam distribution system (except steam 
surface temperature as listed below) were considered the same as the baseline. Table 2-2 presents the main parameters of 
the installed system as defined by the applicant 
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Table 2-2. Applicant installed system summary 
Operation Description Value 
Above ground steam pipes total length, with 10” insulation 406 ft 
Above ground condensate pipes total length, with 6” insulation 406 ft 
Underground steam pipes total length, with 8” insulation 18 ft 
Underground condensate pipes total length, with 7” insulation 18 ft 
Steam pipes operating temperature 347°F 
Condensate pipes operating temperature 160°F 
Soil and Ambient temperature 50°F 
Wind speed 2.5 mph - above ground, 0 mph - underground piping 
Operating efficiency 8,760 
Boiler plant efficiency 80% 

2.2.2 Applicant energy savings algorithm 
The project documents include a spreadsheet calculation file labelled “Review.xlsx”, which is a spreadsheet-based analysis 
that the applicant used to calculate the project savings. In the mentioned analysis, the applicant calculated the heat loss 
rates for the underground steam and condensate piping using the following formula: 

𝑄𝑄𝑏𝑏 = �
𝐶𝐶𝑊𝑊
𝑇𝑇 × 𝑤𝑤% +

𝐶𝐶𝐷𝐷
𝑇𝑇 × (1 − 𝑤𝑤%)� × 𝐴𝐴 × (𝑇𝑇𝑠𝑠 − 𝑇𝑇𝐺𝐺) × 𝐿𝐿 

where, 

𝑄𝑄𝑏𝑏  = baseline heat loss from underground steam and condensate piping, in Btu/hr 

𝐶𝐶𝑊𝑊  = thermal conductivity of water, 0.333 BTU-in/hr-ft2-°F 

𝐶𝐶𝐷𝐷  = thermal conductivity of dry soil, 0.200 BTU-in/hr-ft2-°F 

𝑇𝑇  = insulation thickness in baseline condition, 4-in for steam pipes and 2-in for condensate pipes 

𝑤𝑤%  = portion of underground piping with deteriorated insulation due to ground seepage, 80% 

𝐴𝐴  = surface area of piping per linear foot, in ft2 per foot 

𝐿𝐿  = total piping length, 400-ft for steam pipes and 400-ft for condensate pipes 

𝑇𝑇𝑆𝑆  = piping surface temperature, 350°F for steam pipes and 160°F for condensate pipes 

𝑇𝑇𝐺𝐺  = ground average temperature, 50°F 

For the heat loss of the proposed piping and insulation, the applicant used 3EPlus software to calculate the heat loss rates 
for both the above- and underground newly insulated piping system (𝑄𝑄𝑖𝑖). Table 2-3 presents the inputs used by the applicant 
in the 3EPlus software. 
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Table 2-3. 3EPlus Inputs - Applicant 
Inputs Value 
System application Pipe horizontal 
Nominal piping size A mix of 10”, 8”, 6”, and 4” NPS  
Average operating temperature 347°F for steam, 160°F for condensate  
Soil and ambient temperature 50°F 
Insulation thickness A mix of 8”, 7”, and 6” thick pipe insulation 
Wind speed 2.5 mph - above-ground, and 0 mph - underground piping 

The applicant then calculated the measure impacts using the following formula: 

∆𝑄𝑄 =  
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 × (𝑄𝑄𝑏𝑏 −  𝑄𝑄𝑖𝑖)

100,000 ×  𝐸𝐸𝑏𝑏
 

where, 

∆𝑄𝑄  = annual energy savings (in therms) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  = annual operating hours (8,760 hours per year) 

𝑄𝑄𝑏𝑏  = baseline heat loss from underground piping (Btu/hr) 

𝑄𝑄𝑖𝑖 = heat loss from installed insulated piping (Btu/hr) 

100,000  = conversion factor (1 therm = 100,000 Btu) 

𝐸𝐸𝑏𝑏  = boiler plant efficiency (80%) 

Figure 2-1 shows a snapshot from the applicant’s analysis. 

Figure 2-1. Applicant Savings Calculation 

Additional details on the applicant algorithm can be found in the project files. 
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2.2.3 Evaluation assessment of applicant methodology 
The applicant used a spreadsheet-based analysis along with 3EPlus software to calculate the project savings. The applicant 
analysis used a single equation to calculate the heat loss rates of the underground steam and condensate piping system in 
the baseline condition and 3EPlus modelling software to calculate the heat loss rates of the piping in the proposed condition 
for both above ground and underground piping. The evaluators were able to replicate the applicant’s results using the 
applicant’s method and assumptions. However, the evaluators were unable to substantiate the formula which the applicant 
used to calculate the heat loss rates for the underground piping in the baseline condition. In addition, the applicant was 
inconsistent with the methodology used to calculate the heat loss rates of underground piping between the baseline and 
proposed conditions. The evaluator updated the savings calculation methodology for underground piping and updated the 
inputs used in the 3EPlus software to calculate the heat loss rates for the above ground steam and condensate piping. 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted an initial site visit on March 2, 2021 and follow-up site visits on April 6, 2021 and May 10, 2021. 
During the site visit, the evaluators interviewed the facility manager and verified the installation of the measure. A summary 
of the on-site verification is provided in Table 2-4 below. 

Table 2-4. Measure verification 
Measure Name Verification Method Verification Result 

Pipe insulation Visual inspection of hot surfaces and install 
thermal insulation 

The evaluators verified that the hard pipe insulation 
was installed 

During the site visit, the evaluator verified the following information: 

• Steam is generated by four boilers. The steam plant provides process heating to the facility and operates 24/7 
throughout the year. 

• The as-built insulation thickness matched with the value reported in the applicant analysis. 

• The accuracy of the baseline conditions reported in the applicant analysis. 

• The measure operations were not impacted by the pandemic situation. 

• The boiler plant efficiency is 83.86% as recorded during the site visit. 

2.3.2 Measured and logged data 
The evaluator deployed temperature probes with data loggers on several pipe fittings to verify operation as described by the 
applicant and site contact. The metering period was from March 3, 2021 through May 10, 2021. Based on the information 
provided by the site contact and the metered data, the evaluator determined that the facility’s steam system operation was 
not impacted by the pandemic situation and the metering period was representative of the steam system operation. Table 2-
5 presents the logger deployment details. 
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Table 2-5. Logger Deployment Details 
Data Logger Type Parameter Time Interval Duration Quantity 
HOBO logger with one 
temperature probe 

Steam pipe surface temperature (°F) 5 minutes 9 weeks 1 

HOBO logger with one 
temperature probe 

Condensate pipe surface temperature (°F) 1 minutes 3 weeks 1 

Figure 2-2 shows a graphical summary of the metered data of two temperature loggers: one metering the steam pipes 
surface temperature and the other metering the condensate pipes surface temperature. 

Figure 2-2 Metered surface temperatures 

 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator classified the measure as an add-on with pre-existing condition as a single baseline. The single baseline was 
selected because the measure life (15 years) is smaller than two thirds of the life of the underlying boiler system (25 year). 
The pre-existing condition consisted of 800-ft of underground steam and condensate piping system with deteriorated 
insulation. Table 2-6 presents the main parameters of the baseline as defined by the evaluator. 
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Table 2-6. Evaluator baseline summary 
Operation Description Value 
Underground steam pipes total length 400 ft 
Underground condensate pipes total length 400 ft 
Thermal conductivity of moist soil 1.0 Btu-ft/h-ft2-°F 
Thermal conductivity of dry soil 0.3 Btu-ft/h-ft2-°F 
Steam pipes operating temperature 340°F 
Condensate pipes operating temperature 169°F 
Ambient temperature  46.4°F 
Annual energized hours (for all metered components) 8,760 hrs/yr 
Boiler plant efficiency 83.86% 

2.4.2 Evaluation calculation method 
Because 3EPlus follows the ASTM-C80 calculation methodology, which is meant for calculating heat loss in air, the 
evaluator adjusted the savings calculation methodology to reflect the heat loss rate for the underground steam and 
condensate piping in a more appropriate way1. The evaluator calculated the heat loss rates for the underground steam and 
condensate piping in both the baseline and proposed using the following formulas: 

∆𝑄𝑄 =  
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 × (𝑄𝑄𝑏𝑏 −  𝑄𝑄𝑖𝑖)

100,000 ×  𝐸𝐸𝑏𝑏
 

∆𝑄𝑄  = annual energy savings (in therms) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻  = annual operating hours (8,760 hours per year) 

𝑄𝑄𝑏𝑏  = baseline heat loss from underground piping (Btu/hr) 

𝑄𝑄𝑖𝑖 = heat loss from installed insulated above- and underground piping (Btu/hr) 

100,000  = conversion factor (1 therm = 100,000 Btu) 

𝐸𝐸𝑏𝑏  = boiler efficiency (83.86%, based on on-site verification) 

The heat loss from above-ground piping was calculated using the 3EPlus modelling software. The underground piping heat 
loss was calculated using the following equations1: 

𝐴𝐴𝑘𝑘𝑖𝑖 = �
(𝑎𝑎𝑘𝑘 − 𝑎𝑎𝑖𝑖)2 + (𝑑𝑑𝑘𝑘 − 𝑑𝑑𝑖𝑖)2

𝐻𝐻𝑘𝑘2
 

𝐴𝐴𝑘𝑘𝑖𝑖′ = �
(𝑎𝑎𝑘𝑘 − 𝑎𝑎𝑖𝑖)2 + (𝑑𝑑𝑘𝑘 + 𝑑𝑑𝑖𝑖)2

𝐻𝐻𝑘𝑘2
 

𝑃𝑃𝑘𝑘𝑖𝑖 = 𝑙𝑙𝑛𝑛(
𝐴𝐴𝑘𝑘𝑖𝑖′
𝐴𝐴𝑘𝑘𝑖𝑖

)2 

𝑃𝑃𝑘𝑘𝑘𝑘 = 𝑙𝑙𝑛𝑛(
2𝑑𝑑𝑘𝑘
𝐻𝐻𝑘𝑘

)2 

1
4𝜋𝜋𝑘𝑘𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠

× �𝑃𝑃11 𝑃𝑃12
𝑃𝑃21 𝑃𝑃22

� × �𝑄𝑄1𝑄𝑄2
� = �

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠𝑜𝑜1 − 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑏𝑏1
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠𝑜𝑜2 − 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑏𝑏2

� 

 
1 U.S. Department of Commerce, National Bureau of Standards, National Engineering Laboratory, Heat Transfer Analysis of Underground Heat and Chilled-Water 

Distribution Systems, November 1981.  
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𝑄𝑄𝑄𝑄𝑖𝑖𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 = 𝑐𝑐𝑘𝑘 × 𝐿𝐿𝑜𝑜𝑖𝑖𝑜𝑜𝑖𝑖 × �𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠𝑜𝑜 − 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑘𝑘� 

𝑃𝑃′𝑘𝑘𝑖𝑖 =
𝑐𝑐𝑘𝑘 ∗ 𝑃𝑃𝑘𝑘𝑖𝑖
4𝜋𝜋𝑘𝑘𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠

 

𝑃𝑃′𝑘𝑘𝑘𝑘 =
𝑐𝑐𝑘𝑘 ∗ 𝑃𝑃𝑘𝑘𝑘𝑘
4𝜋𝜋𝑘𝑘𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠

+ 1 

𝐵𝐵𝑖𝑖 = 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑏𝑏 + (
1

4𝜋𝜋𝑘𝑘𝑠𝑠𝑠𝑠𝑖𝑖𝑠𝑠
× 𝑐𝑐𝑘𝑘 × 𝑃𝑃𝑖𝑖𝑘𝑘 × 𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠𝑜𝑜) 

�𝑃𝑃′11 𝑃𝑃′12
𝑃𝑃′21 𝑃𝑃′22

� × �𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑘𝑘1𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑘𝑘2
� = �𝐵𝐵1𝐵𝐵2

� 

where, 

𝑄𝑄𝑄𝑄𝑖𝑖𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 = heat loss from insulated underground steam and condensate piping, in Btu/hr 

𝐿𝐿𝑜𝑜𝑖𝑖𝑜𝑜𝑖𝑖  = Length of the pipe (ft) 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑠𝑠𝑜𝑜  = piping surface temperature, 340°F for steam pipes and 169°F for condensate pipes (based on 
metered data). 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑎𝑎𝑎𝑎𝑏𝑏 = ground average temperature, 46°F (based on typical year weather data) 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑘𝑘  = Pipe average surface temperature (°F) 

𝑘𝑘𝑠𝑠𝑖𝑖𝑖𝑖𝑖𝑖𝑠𝑠   = Thermal conductivity steel (Btu-ft/h-ft2-°F) 

𝑐𝑐𝑘𝑘   = Pipe heat transfer coefficient (Btu-ft/h- ft2-°F) 

𝐾𝐾𝑆𝑆  = thermal conductivity of pipe surroundings, in Btu-ft/hr-ft2-°F (0.333 for moist ground, 0.0167 for 
dry soil, same as TA inputs. 

𝑘𝑘𝑖𝑖𝑖𝑖𝑠𝑠𝑖𝑖𝑠𝑠𝑎𝑎𝑖𝑖𝑖𝑖𝑠𝑠𝑖𝑖 = thermal conductivity of the pipe insulation, assumed 0.333 Btu-ft/hr-ft2-°F for old insulation 
(thermal conductivity of new insulation is 0.018 Btu-ft/hr- ft2-°F))1. 

𝑑𝑑  = Depth of the pipe buried measured from the ground surface to the centreline of the pipe, 6 ft. 

𝑎𝑎𝑘𝑘  = lateral distance to the centreline of the pipe from the origin (ft) 

𝑑𝑑𝑘𝑘   = depth of the centreline of the pipe from the origin (ft) 

𝐻𝐻𝑘𝑘  = radius of the pipe (ft) 

The evaluator used the 3EPlus modelling software to calculate the heat loss rates of the above ground piping in the 
proposed condition. Table 2-7 presents the inputs used by the evaluators in the 3EPlus software: 

Table 2-7. 3EPlus Inputs - Evaluators 
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Inputs Value 
System application Pipe horizontal 
Nominal piping size 10” and 6” for steam, 8” and 4” for condensate 
Steam pipes operating temperature 340°F 
Condensate pipes operating temperature 169°F 
Ambient temperature 46.4°F 
Insulation thickness 8” and 6” for steam pipes, 8” and 7” for condensate pipes 
Wind speed 6.9 mph 

The evaluated savings for this measure is 10,404 therms per year. 

2.4.3 Cross-check with utility billing data 
The tracked savings represent less than 5% of the total natural gas usage, and the site contact confirmed that other projects 
that impacted the gas usage had been performed before and after the project was installed. Therefore, the evaluator 
determined billing analysis to be not appropriate for this site. 
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3 FINAL RESULTS 
The project consisted of the replacement of 800-ft of underground steam and condensate piping system with deteriorated 
insulation with 812-ft of above-ground and 36-ft of underground newly insulated steam and condensate piping system. The 
applicant calculated savings using a combination of spreadsheet-based analysis and 3EPlus software. To calculate the 
project savings, the evaluators used a different methodology to calculate the heat loss rates of the underground piping 
system and 3EPlus (with updated input parameters) to calculate the heat loss rates of the above-ground system. The 
evaluated savings are less than the reported values. The parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Baseline Applicant Evaluator 
Impacted steam and condensate piping system 800-ft of underground piping with 

deteriorated insulation 
800-ft of underground piping 
with deteriorated insulation 

Boiler plant efficiency 80% 83.86% 
Operation hours of the steam and condensate 
distribution system  

8,760 hours/year 8,760 hours/year 

Steam piping surface temperature 350°F 340°F 
Condensate piping surface temperature 160°F 169°F 
Underground average temperature 50°F 46.4°F 
As-Built Applicant Evaluator 
Impacted steam and condensate piping system 812-ft of above ground piping 

and 36-ft of underground piping, 
with newly installed insulation 

812-ft of above ground piping 
and 36-ft of underground piping, 

with newly installed insulation 
Boiler plant efficiency 80% 83.86% 
Operation hours of the steam and condensate 
distribution system  

8,760 hours/year 8,760 hours/year 

Steam piping surface temperature 347°F 340°F 
Condensate piping surface temperature 160°F 169°F 
Ambient average temperature 50°F 46.4°F 
Wind speed 2.5 mph 6.9 mph 
Savings 

  

Annual natural gas savings (therms) 32,907 10,404 
Natural gas realization rate 32% 

3.1 Explanation of differences 
The evaluated savings are less than the tracked savings, due to primarily the applicant’s inaccurate savings calculation 
methodology which overestimated the heat loss rates for the underground steam and condensate piping. Table 3-2 provides 
a summary of the differences between tracking and evaluated values. 
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Table 3-2. First-year savings - summary of deviations 

End-use Discrepancy Parameter 
Impact of 
Deviation Discussion of Deviations 

Process Analysis methodology Underground piping 
heat loss calculation 
methodology 

-97.9% Decreased savings ‒ The applicant’s 
inaccurate methodology of calculating heat 
loss rates for underground piping 
overestimated the heat loss rates of the 
baseline and as-built conditions. The 
evaluators’ methodology resulted in less 
savings. 

Process Pre-project errors 
(inputs or calculations) 

Thermal conductivity 
of moist soil 

+26.5% Increased savings ‒ The evaluated 
thermal conductivity of the moist soil was 
greater than predicted by the applicant. 

Process Pre-project errors 
(inputs or calculations) 

Thermal conductivity 
of dry soil 

+2.8% Increased savings ‒ The evaluated 
thermal conductivity of the dry soil was 
greater than predicted by the applicant. 

Process Pre-project errors 
(inputs or calculations) 

Boiler plant efficiency +1.3% Increased savings ‒ The evaluated 
combustion efficiency was greater than 
predicted by the applicant. 

Process Pre-project errors 
(inputs or calculations) 

Steam pipe surface 
temperature 

-1.0% Decreased savings ‒ The evaluated 
steam pipes surface temperature was 
smaller than predicted by the applicant. 

Process Pre-project errors 
(inputs or calculations) 

Ambient average 
temperature 

+0.5% Increased savings ‒ The evaluated 
ambient temperature was smaller than 
predicted by the applicant 

Process Pre-project errors 
(inputs or calculations) 

Wind speed -0.3% Decreased savings ‒ The evaluated wind 
speed was greater than predicted by the 
applicant 

Process Pre-project errors 
(inputs or calculations) 

Condensate pipe 
surface temperature 

+0.2% Increased savings ‒ The evaluated 
condensate pipes surface temperature was 
greater than predicted by the applicant. 

3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as an add-on with a 
single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 = 𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖  × [ 𝑅𝑅𝑄𝑄𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 +  OYF ×  (𝐸𝐸𝑄𝑄𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 − 𝑅𝑅𝑄𝑄𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖)]  

where: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖   = evaluated first year savings (therm) 

𝐸𝐸𝑄𝑄𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

𝑅𝑅𝑄𝑄𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖   = 1/3 of 𝐸𝐸𝑄𝑄𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝑠𝑠𝑖𝑖𝑎𝑎𝑖𝑖𝑖𝑖𝑖𝑖 (years) 

OYF = 100% for single-baseline measures. This factor accounts for dual-baseline 
impacts. 
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The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 
smaller than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-3. Measure MA19P00003781 - Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 493,695 156,053 N/A 
First year savings (therms) 32,907 10,404 -68% 
Measure lifetime (years) 15 15 0% 
Measure life reference BCR MA TRM for pipe 

insulation 
N/A 

Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operational N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
The insulated components are located outside; hence, there are no ancillary impacts from the evaluated measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed in 2019 at a biotech manufacturing facility and impacted the facility’s steam distribution 
system. The project consisted of the following measures: 

• M1 (MA19P00003735): This energy savings measure included the installation of insulation and removable 
insulation jackets on bare pipes and fittings. The installed insulation reduces heat loss from the insulated surfaces, 
thereby reducing the load on the steam boiler system and the natural gas consumption.  

• M2 (MA19P00005845): This energy savings measure included the installation of new condensate return lines. 
Installation of condensate line enables the recovery of steam back to the boiler system, which would otherwise be 
drained to sewage, resulting in reduced boiler load and natural gas consumption.  

• M3 (MA19P00003724): The measure replaced or repaired eight preexisting steam traps that have failed. The 
measure eliminated the steam loss from the failed steam traps.  

The facility’s steam distribution system consisted of four boilers, which provide steam primarily for process heating. The 
boilers operate at 115 psig for 8,760 hours per year. 

The applicant classified all three installed measures as retrofit with preexisting conditions as baseline. 

Since the facility’s production was not impacted by the COVID pandemic and since the evaluators were able to gather 
metered data from site, the evaluators evaluated this site using Base + Add-on #3 (Full M&V) evaluation method. Based on 
the on-site findings and the review of the project documentation, the evaluator classified: M1 as add-on with single baseline, 
M2 as add-on with dual baseline, and M3 as retrofit with the preexisting conditions as the single baseline. 

The applicant calculated gas impacts for M1 using 3E Plus modelling software. For M2 and M3, the evaluators calculated 
the measure impacts using a similar methodology as used by the applicant. The evaluated savings are higher than tracking 
estimates because the applicant reported condensate return temperature is lower than the temperature estimated by the 
evaluators. The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application 
ID Measure Name  

Savings 
(Therm/yr) 

Measure Life 
(years) 

Lifetime Savings 
(Therm) 

MA19P00003735 Insulation jackets on 
pipes and fittings 

Tracked 17,782 15 266,730 
Evaluated 14,917 15 223,755 
Realization rate 84% N/A 84% 

MA19P00005845 Condensate return Tracked 38,504 18 693,072 
Evaluated 50,316 18 845,316 
Realization rate 131% N/A 122% 

MA19P00003724 Steam trap Tracked 4,035 6 24,210 
Evaluated 5,750 6 34,500 
Realization rate 143% N/A 143% 

Totals  Tracked 60,321 N/A 984,012 
Evaluated 70,983 N/A 1,103,656 
Realization rate 118% N/A 112% 

N/A = Not applicable 
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1.1 Explanation of deviations from tracking 
The evaluated savings are 18% higher than the applicant-reported savings primarily because the applicant underestimated 
the condensate return temperature. Further details regarding deviations from the tracked savings are presented in Section 
3-4. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no customer alerts at this time. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the following installations: 

• 96 insulation jackets on steam pipes and fittings  

• Installation of a new condensate return line 

• Repair or replacement of eight preexisting failed steam traps 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
The applicant classified all measures in the project as retrofits with preexisting condition as the baseline. The following 
subsections provide details on the applicant measure baselines. 

M1 (MA19P00003735) 
The applicant’s baseline for the insulation measure included the preexisting hot water and steam distribution system with 
bare surfaces. Based on a survey conducted by a third-party vendor, the facility identified 96 sections of hot surfaces (83 
steam distribution sections and 13 hot water distribution sections) with a total surface area of 318.27 sq.ft. The survey also 
included the surface temperature, ambient temperature, and energized hours of the identified uninsulated surfaces. Table 
2-1 presents the main parameters of the baseline as defined by the applicant. 

Table 2-1. M1 – Applicant baseline summary 
Operation Description Value 
Number of identified uninsulated sections 96 
Total area of steam and hot water distribution surfaces 318.27 sq.ft.  
Average bare surface fluid temperature (weighted by surface area)  330°F 
Ambient temperature 80°F 
Annual energized hours (for all surveyed components) 8,760 
Insulation thickness 0 inch 
Boiler plant efficiency 100% 

M2 (MA19P00005845) 
The applicant’s baseline for the condensate return measure consisted of preexisting malfunctioning condensate return lines 
with inappropriate sizing and layout that caused excessive hammering. As per the applicant, the facility generates 
approximately 37,201,544 lbs of steam per year, which after process application was being dumped to sewage in the 
baseline condition. Table 2-2 presents the main parameters of the baseline as defined by the applicant.  
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Table 2-2. M2 – Applicant baseline summary 
Operation Description Value 
Pounds of steam generated per year 37,201,544 lbs 
Pounds of steam condensate returned 0 lbs 

M3 (NR180207) 
The applicant’s baseline for the steam trap measure was the preexisting condition of the repaired/replaced steam traps. The 
preexisting condition was determined based on the result of a steam trap survey conducted by a third-party vendor in 
December 2017. Table 2-3 presents the main parameters of the baseline as defined by the applicant. 

Table 2-3. M3 – Applicant baseline summary 
Operation Description Value 
Number of failed steam trap 8 
Steam trap fail condition Mix of leaking and blowing-by 
Steam trap orifice size Ranges from 3/32 inches to ½ inches 
Steam operating pressure Ranges from 15 to 125 psi 
Boiler efficiency 100% 
Boiler operating hours 8,760 

2.2.1 Applicant description of installed equipment and operation 
The following subsections provide details on the applicant’s installed configuration.  

M1 (MA19P00003735) 
The applicant’s installed configuration for the insulation measure consisted of the surveyed surfaces with insulation jackets 
that have thickness ranging from 0.4” to 1.5”. The hours of operation, operating temperatures, and boiler efficiency used for 
the proposed condition matched those of the baseline configuration. Table 2-4 presents the applicant’s proposed key input 
parameters for the measure. 

Table 2-4. M1 – Applicant installed system summary 
Operation Description Value 
Number of identified insulated sections 96 
Total area of steam and hot water distribution surfaces 318.27 sq.ft.  
Average bare surface fluid temperature (weighted by surface area)  330°F 
Ambient temperature 80°F 
Annual energized hours (for all surveyed components) 8,760 
Insulation thickness Insulations with thickness ranging from 0.4” to 1.5” 
Boiler plant efficiency 100% 
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M2 (MA19P00005845) 
The applicant’s installed configuration for the condensate return measure consisted of new condensate return lines through 
which approximately 90% of the generated steam is returned as condensate. Table 2-5 presents the main parameters of the 
proposed system as defined by the applicant. 

Table 2-5. M2 – Applicant installed system summary 
Operation Description Value 
Pounds of steam generated per year 37,201,544 lbs 
Condensate return factor 90% 
Pounds of condensate returned per year 33,481,389 lbs 
Average condensate temperature 170°F 
Make-up water temperature 55°F 
Steam plant efficiency 100% 

M3 (MA19P00003724) 
The applicant’s installed case for the steam trap measure assumed that all the installed traps on-site are in good working 
condition. 

2.2.2 Applicant energy savings algorithm 
The following subsections provide details on the applicant energy savings algorithm for each measure.  

M1 (MA19P00003735) 
The applicant’s vendor calculated the insulation measure savings using a custom analysis spreadsheet. The heat loss rate 
for each line item was qualified using the vendor’s propriety software. For each line item in the analysis spreadsheet, the 
vendor calculated therm savings using the following formulae.  

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐴𝐴 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 × (𝑄𝑄𝑏𝑏 − 𝑄𝑄𝑠𝑠)

100,000 × 𝐸𝐸𝑏𝑏
   

where: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   = annual gas energy savings (therm/year) 

𝑄𝑄𝑏𝑏 = heat loss from bare component (Btu/hr/ft2), calculated using applicant’s 
proprietary tool 

𝑄𝑄𝑠𝑠 = heat loss from insulated component Btu/hr/ft2), calculated using applicant’s 
proprietary tool 

𝐴𝐴 = insulated surface area (ft2) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = annual energized hours of operation (8,760 hours per year) 

𝐸𝐸𝑏𝑏     = boiler efficiency (100%) 

100,000    = conversion factor (1 therm = 100,000 Btu) 

Figure 2-1 shows a snapshot from the applicant’s analysis. 
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Figure 2-1. Applicant’s Analysis Snapshot 

 

M2 (MA19P00005845) 
The applicant metered the facility’s steam usage to estimate the pounds of steam generated per year. The following formula 
was then used to estimate the condensate return measure therm savings: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =  
𝑙𝑙𝑙𝑙𝐻𝐻𝐻𝐻𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  × 𝐻𝐻𝑠𝑠𝑠𝑠𝐻𝐻𝐻𝐻𝑛𝑛𝑓𝑓𝑠𝑠𝑓𝑓𝑠𝑠𝐻𝐻𝐻𝐻  × 𝐶𝐶𝐶𝐶  × 𝑑𝑑𝑠𝑠𝑙𝑙𝑠𝑠𝑠𝑠 𝑇𝑇

100,000 ×  𝐸𝐸𝑙𝑙
  

where: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   = annual gas energy savings (therm/year) 

𝑙𝑙𝑙𝑙𝐻𝐻𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = pounds of steam generated per year (37,201,544 lbs/year) 

𝐻𝐻𝑠𝑠𝑠𝑠𝐻𝐻𝐻𝐻𝑛𝑛𝑓𝑓𝑠𝑠𝑓𝑓𝑠𝑠𝑓𝑓𝑓𝑓 = condensate return factor (90%) 

𝐶𝐶𝐶𝐶    = specific heat capacity (1 Btu/lb∙°F) 

𝑑𝑑𝑠𝑠𝑙𝑙𝑠𝑠𝑠𝑠 𝑇𝑇 = condensate temperature (170°F) – make-up city water temperature (55°F) = 
115°F 

𝐸𝐸𝑏𝑏     = boiler efficiency (100%) 

100,000    = conversion factor (1 therm = 100,000 Btu) 

M3 (MA19P00003724) 
The applicant calculated the measure impacts of 6 out of 8 repaired/replaced steam traps using the steam trap tool adopted 
by the Program Administrator (PAs) in 2018 – following the completion of the Phase 2 Steam Trap Evaluation1 completed in 
March 2017. The two remaining traps, tag 18037 and tag 18088, were not included in the steam trap tool because of the 
lack of trap-specific information – the applicant used deemed savings of 122 therm per trap for these two traps. 

Figure 2-2 shows a snapshot of the applicant reported savings analysis spreadsheet. 

  

 
1 https://ma-eeac.org/wp-content/uploads/Steam-Trap-Evaluation-Phase-II-Summary.pdf 
 

Description
Operating 
Temp ⁰F

Ambient 
Temp

SF/ 
component Hrs in service/yr.

Insulation 
Thickness

Bare BTU/hr/sf 
lost

Insulated BTU/hr/sf 
lost Insulated Touch Temp ⁰F Boiler Efficiency

Pre   
Therms

Post 
Therms

Therms 
Saved Per 

Year
Heat Exchanger Head 180 80 5.25 8760 1" 226.40 26.65 96 100% 104.12 12.26 91.87

2.5" Union (0-299°F) 1" 180 80 0.29 8760 1" 221.20 20.35 93 100% 5.62 0.52 5.10
2.5" Union (0-299°F) 1" 180 80 0.29 8760 1" 221.20 20.35 93 100% 5.62 0.52 5.10

2 Bonnet - Gate 125/150 (0-299°F) 1" 180 80 0.90 8760 1" 224.50 19.68 92 100% 17.70 1.55 16.15
2.5 Bonnet - Gate 125/150 (0-299°F) 1" 180 80 1.07 8760 1" 221.20 20.35 93 100% 20.73 1.91 18.83

2 Control Valve 125/150 (0-299°F) 1" 180 80 1.01 8760 1" 224.50 19.68 92 100% 19.86 1.74 18.12
2.5 Bonnet - Gate 125/150 (0-299°F) 1" 180 80 1.07 8760 1" 221.20 20.35 93 100% 20.73 1.91 18.83
2.5 Bonnet - Gate 125/150 (0-299°F) 1" 180 80 1.07 8760 1" 221.20 20.35 93 100% 20.73 1.91 18.83

2.5" Union (0-299°F) 1" 180 80 0.29 8760 1" 221.20 20.35 93 100% 5.62 0.52 5.10
2.5" Union (0-299°F) 1" 180 80 0.29 8760 1" 221.20 20.35 93 100% 5.62 0.52 5.10

1 FT Steam Trap (0°-299°F) 10mm Exterior 180 80 1.83 8760 10mm 237.40 24.91 95 100% 38.06 3.99 34.06
1" Steam Trap Station Sleeve Incoming (300°-425°F) 1" 180 80 1.12 8760 1" 237.40 16.66 91 100% 23.29 1.63 21.66
1" Steam Trap Station Sleeve Outgoing (0°-299°F) 0.5" 180 80 2.25 8760 0.5" 237.40 36.42 101 100% 46.79 7.18 39.61

1" Hard Pipe Insulation x1' 1 1/2" 338 80 1.67 8760 1.5" 831.70 30.82 99 100% 121.67 4.51 117.16
2" Hard Pipe Insulation x1' 1 1/2" 338 80 3.55 8760 1.5" 792.70 35.98 101 100% 246.51 11.19 235.32

2 PRV 125/150 (300-449°F) 1"+5mm 338 80 1.29 8760 1+5mm 792.70 41.83 104 100% 89.58 4.73 84.85
1.5 PRV NPT (300-449°F) 15mm 338 80 0.99 8760 15mm 805.80 46.56 106 100% 69.88 4.04 65.84

3'' Reducer 125/150 (300-449°F) 1"+5mm 338 80 1.96 8760 1+5mm 773.00 45.64 106 100% 132.72 7.84 124.88
1.5 PRV NPT (300-449°F) 15mm 338 80 0.99 8760 15mm 805.80 46.56 106 100% 69.88 4.04 65.84

3 Gate Valve 125/150 (300-449°F) 1"+5mm 338 80 2.67 8760 1+5mm 773.00 45.64 106 100% 180.80 10.67 170.12
1.5" Hard Pipe Insulation x1' 1.5" 338 80 2.47 8760 1.5" 805.80 35.05 101 100% 174.35 7.58 166.77

3 Flange 125/150 (300-449°F) 1"+5mm 338 80 1.31 8760 1+5mm 773.00 45.64 106 100% 88.71 5.24 83.47

https://ma-eeac.org/wp-content/uploads/Steam-Trap-Evaluation-Phase-II-Summary.pdf
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Figure 2-2. Applicant’s analysis snapshot 

 

2.2.3 Evaluation assessment of applicant methodology 
The evaluator’s assessment on the applicant’s methodology for each measure is detailed in the following subsections.  

M1 (MA19P00003735) 
The applicant’s overall methodology for calculating the insulation savings is appropriate. However, the applicant’s 
quantification of the heat loss rate using the proprietary software does not allow the evaluators to replicate the results for 
each line item. The evaluator’s calculation of the heat loss rate using 3E Plus software produced results comparable to, but 
not exactly matching, the values reported by the applicant. In addition, the applicant’s savings analysis for this measure 
incorrectly assumed a boiler efficiency value of 100%. 

M2 (MA19P00005845) 
The evaluators found the applicant savings methodology for the condensate return measure to be reasonable. The 
evaluators calculated the measure impacts using the same methodology, but with updated input values based on metered 
data. 

M3 (MA19P00003724) 
The applicant correctly used the 2018 revised version of the steam trap tool, and the evaluators determined the application 
calculation methodology to be reasonable. For the two traps, tag 18037 and tag 18088, where the applicant used deemed 
savings of 122 therm, the evaluators estimated savings using the revised steam trap tool. 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted an initial site visit on March 2, 2021 and a follow-up site visit on April 6, 2021. During the site 
visits, the evaluators interviewed the facility manager and verified the installation of all three measures. A summary of the 
on-site verification is provided in Table 2-6 below. 

Table 2-6. Measure verification 
Measure Name Verification Method Verification Result 
M1 (Insulation jackets on 
pipes and fittings) 

Visual verification of hot surfaces and 
installed thermal insulation 

The thermal insulation was installed and in 
working condition 

M2 (Condensate return) Visual verification of the installed 
condensate return line 

The condensate return line was installed and 
in working condition 

M3 (Steam trap) Visual inspection of all repaired steam 
traps, steam trap inlet/outlet temperature 
measurements inspection of a sample of 
2 repaired steam traps 

The verified steam traps were installed and 
operating as intended 

Trap Tag # Trap Location, Elevation
Orifice Diameter 

(in)
[Pick List]

Steam Pressure at 
Trap (psig)

Pressurized Hours of 
Operation (hrs/yr)

[Pick List]

Steam Trap 
Status

[Pick List]

Trap venting 
directly to 

atmosphere?

Repair/ 
Replace

[Pick List]

Repair/ 
Replacement 

Cost

Annual Natural 
Gas Savings 

(Therms/year)

5973 Fall Survey 1/2 15 5100 Leaking No Replace $926 1,289
49509 Fall Survey 3/32 50 8760 Leaking No Replace $715 160
53610 Fall Survey 5/32 50 8760 Blowing by No Repair $763 923
49791 Fall Survey 7/32 15 8760 Leaking No Repair $603 424
49795 Fall Survey 5/32 50 8760 Leaking No Repair $763 444

138124 Fall Survey 1/8 120 8760 Leaking No Repair $1,098 551
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Photo 2-1 depicts some of the insulated surfaces found on site. 

Photo 2-2. M1 - Installed thermal insulation 

      

Additionally, the evaluators gathered and verified the following information: 

• Steam is generated by four boilers. The boilers operate 24/7 throughout the year and provide process heating 
steam to the facility. 

• The evaluators gathered boiler combustion efficiency information from the boiler controls screen. The boilers 
operate at approximately 84% combustion efficiency. 

• The heating equipment served by the repaired/ replaced steam traps matched with the information provided in the 
project documentation. 

• The steam traps are surveyed to twice a year to identify failed traps.  

• The as-built insulation thickness matched with the value reported in the applicant analysis. 

• The evaluators identified that some of the insulated components, which the applicant indicated were to be installed 
on the steam supply distribution system, were actually installed on steam condensate return lines.  

2.3.2 Measured and logged data 
During the site visit, the evaluators deployed temperature probes with data loggers on several insulated steam and hot water 
surfaces, condensate return pipe, city water pipe, and the repaired steam traps to verify the operations as described by the 
applicant. The metering period was from March 2, 2021 to May 11, 2021. 

Based on the information provided by the site contact and the metered data, the evaluators determined that the facility’s 
boiler operation was not impacted by the COVID-19 pandemic and that the metering period was representative of the steam 
plant’s typical operation. Table 2-7 presents the logger deployment details. 
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Table 2-7. Data logger deployment details 

Data Logger Type Parameter 
Time 

Interval 
Logged 
Duration 

Two HOBO loggers with temperature probe Hot water pipe surface temperature  1-minute 4 weeks 

Two HOBO loggers with temperature probe Steam pipe surface temperature 5-minute 9 weeks 

One HOBO logger with temperature probe Condensate return temperature 5-minute 5 weeks 

One HOBO logger with temperature probe City water temperature 5-minute 5 weeks 

Four HOBO loggers with temperature probe 1 Inlet and outlet temperature of steam 
traps 

5-minute 9 weeks 

1 Two out of four loggers installed on the steam traps were missing and one logger was removed after 1 week. The 
retrieved two loggers captured 9 weeks’ worth of inlet temperature data and 1 week worth of outlet temperature of one 
steam trap. 

The measured and logged data for each measure is discussed in detail in the subsections below.  

M1 (MA19P00003735) 
The evaluators deployed a sample of temperature sensors on the bare surfaces of the insulated line items. The evaluators 
performed meter deployment sampling using fluid temperature as the usage group because the fluid temperature is one of 
the most important parameters obtainable from the metered data (and also because the annual energized hours are same 
for all line items). The evaluators spot-measured measured multiple surfaces of the impacted pipes and elbows to verify the 
surface temperature. Based on verification via spot-measurements and discussion with site contact, the evaluators 
determined that some of the insulated components, which were assumed to be installed on steam supply components, were 
installed on steam/condensate return components. Table 2-8 presents the spot-measured and metered average 
temperature values of inspected hot surfaces. 

Table 2-8. Temperature measurements of the impacted insulated surfaces 

Components 

Applicant Reported 
Bare Temperature 

(°F) 
Spot-Measured Bare 

Surface Temperature (°F) 

Average Metered Bare 
Surface Temperature 

(°F) 
Hot water pipe surface 180 181 179 
Steam pipe surface on supply side 338 332 340 
Steam pipe surface on condensate 
return side 

338 261 262 

Figure 2-3 presents the temperature data recorded during the metering period.  
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Figure 2-3. Metered temperature data 

 

 

M2 (MA19P00005845) 
The evaluators deployed a temperature sensor on bare surface of the condensate return line and one temperature sensor 
on bare surface of make-up city water pipe as they enter the boiler plant. The evaluators also spot measured the surfaces of 
condensate return line and make-up city water, which is presented in Table 2-9 below. 

Table 2-9. Condensate return and make-up city water temperature measurements  

Components 
Applicant Reported Bare 

Temperature (°F) 
Spot-Measured Bare 

Surface Temperature (°F) 
Average Metered Bare 

Surface Temperature (°F) 
Condensate return pipe 170 197 198 

Make-up city water pipe 55 56 58 

Figure 2-4 presents the hourly temperature data recorded during the metering period. 
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Figure 2-4. Metered condensate return and make-up city water temperature data 

 

In addition to metering the temperature of the condensate return and make-up city water pipes, the evaluators requested 
condensate return flow data from the facility’s energy management system (EMS). The site contact provided evaluators with 
15-minute interval instantaneous flow data from February 2, 2021 to March 22, 2021 for the impacted condensate return 
pump. Based on the instantaneous flow data provided by the site contact, the evaluators estimated that approximately 
3,593,794 gallons (29,936,307 lbs) of steam condensate is returned annually. Figure 2-5 presents the hourly flow data of the 
condensate return pump provided by the site contact.  

Figure 2-5. Condensate return flow (EMS data) 
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M3 (MA19P00003724) 
The evaluators spot measured the inlet and outlet temperature of the installed traps and verified the operating pressure of 
steam traps. Table 2-10 presents the spot-measured temperature and pressure of team trap ID 53610. 

Table 2-10. Temperature and pressure spot-measurements  
Trap ID Inlet temperature (°F) Exit temperature (°F) Operating pressure (Psi) 
53610 331 196 50 
49795 332 258 50 

During the site visit, the evaluators had installed four HOBO loggers with temperature sensors, one on each inlet and exit of 
two impacted steam traps. When the evaluators went back to retrieve the loggers, two of the installed loggers were missing 
and one logger was removed after a week. The remaining one logger which was still in place recorded bad data. As such, 
the evaluators relied on the available one week’s worth of logger data to verify the steam trap operating hours. Because the 
impacted steam traps are all installed on the steam distribution side and because the facility’s steam distribution system 
operates 8,760, the evaluators are confident that the continuous operation recorded during the one week of logging 
represents the actual operation of the steam traps. Figure 2-6 presents the metered hourly exit temperature data of one of 
the impacted steam traps. 

Figure 2-6. Metered temperature data for steam trap ID 53610 

 

 

2.4 Evaluation methods and findings 
This section describes the evaluators methods and findings. 
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M1 (MA19P00003735) 
Based on project documentation and on-site findings, the evaluators classified the insulation measure as an add-on with a 
single baseline. The single baseline is the preexisting steam distribution system. The measure has a single baseline 
because the effective useful life (EUL) of this measure (15 years) is smaller than two-third of the EUL (25 years) of the 
steam distribution system. The preexisting system consisted of 318.27 feet of uninsulated hot surfaces. Table 2-11 presents 
the evaluator’s baseline key input parameters. 

Table 2-11. M1 – Evaluator baseline summary 
Operation Description Value 
Number of identified insulated sections 96 
Total area of hot water distribution surfaces 318.27 sq.ft.  
Average fluid operating temperature (weighted by surface area)  302°F 
Ambient temperature (weighted by surface area) 84°F 
Annual operating hours 8,760 
Insulation thickness 0 ft 
Steam plant efficiency 84% 

M2 (MA19P00005845) 
The evaluators classify the condensate return measure as an add-on with dual baseline. The measure has a dual baseline 
because the EUL (18 years) of the measure is larger than two-third of the EUL (25 years) of the steam distribution system. 
The preexisting system did not have a condensate return line – the evaluators agree with the applicant’s baseline 
classification of no condensate return.  

M3 (MA19P00003724) 
Based on the review of project documentation and on-site findings, the evaluators classify the steam trap measure as a 
retrofit with the preexisting condition as the single baseline. The preexisting conditions for the measure are the steam trap 
conditions as defined in the trap survey, which is the same as the applicant baseline. Table 2-12 presents the evaluator’s 
key input parameters.  

 
Table 2-12. M3 – Evaluator baseline summary 

Operation Description Value 
Number of failed steam trap 8 
Steam trap fail condition Mix of leaking and blowing-by 
Steam trap orifice size Ranges from 3/32 inches to ½ inches 
Steam operating pressure Ranges from 15 to 125 psi 
Boiler efficiency 84% 
Boiler operating hours 8,760 

2.4.2 Evaluation calculation method 
M1 (MA19P00003735) 
The evaluators modelled the insulation measure savings using a similar methodology as the applicants. The evaluators used 
3EPlus to calculate heat loss for all components included in the applicant’s analysis. The 3E plus inputs: ambient, fluid 
operating temperature, and heating plant efficiency, were based on the metered data and on-site verification. The evaluators 
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used “Pipe-Horizontal” as the system application for line items with pipe segments and “Tank Shell-Horizontal” as the 
system application for line items with fittings in 3EPlus.  

For each line item in the analysis spreadsheet, the evaluators calculated the therm savings using the following formula: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐴𝐴 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 × (𝑄𝑄𝑏𝑏 − 𝑄𝑄𝑠𝑠)

100,000 × 𝐸𝐸𝑏𝑏
   

where: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   = annual gas energy savings (therm/year) 

𝑄𝑄𝑏𝑏 = heat loss from bare component (Btu/hr/ft2), calculated using 3EPlus 

𝑄𝑄𝑠𝑠 = heat loss from insulated component Btu/hr/ft2), calculated using 3EPlus 

𝐴𝐴 = insulated surface area (ft2) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = annual energized hours of operation (8,760 hours per year) 

𝐸𝐸𝑏𝑏     = boiler plant efficiency (84%) 

100,000    = conversion factor (100,000 Btu/therm) 

M2 (MA19P00005845) 
The evaluators calculated the condensate return measure savings using the following formula: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =  
𝐹𝐹𝑙𝑙𝐻𝐻𝑤𝑤𝑓𝑓𝐻𝐻𝑛𝑛𝑑𝑑𝑠𝑠𝑛𝑛𝐻𝐻𝑠𝑠𝑠𝑠𝑠𝑠 × 8.33 × 𝐶𝐶𝐶𝐶  × 𝑑𝑑𝑠𝑠𝑙𝑙𝑠𝑠𝑠𝑠 𝑇𝑇

100,000 ×  𝐸𝐸𝑙𝑙
  

where: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   = annual gas energy savings (therm/year) 

𝐹𝐹𝑙𝑙𝐻𝐻𝑤𝑤𝑓𝑓𝑓𝑓𝑠𝑠𝑐𝑐𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = volume of condensate returned per year (3,593,794 gallons/year) 

𝐶𝐶𝑝𝑝 = specific heat of water (1.01 Btu/lb°F) 

𝑑𝑑𝑠𝑠𝑙𝑙𝑠𝑠𝑠𝑠 𝑇𝑇 = condensate temperature (198°F) – make-up city water temperature (58°F) = 
140°F 

𝐸𝐸𝑏𝑏     = boiler plant efficiency (84%) 

8.33 = conversion factor (8.33 lbs / gallon) 

100,000    = conversion factor (100,000 Btu / therm) 

M3 (MA19P00003724) 
The evaluators calculated steam trap savings for each line item using the following formula: 

The evaluators calculated the savings using the same methodology as the applicant’s with updated input parameters. The 
2018 revised custom savings equation for steam traps described below. 

𝑆𝑆𝑆𝑆𝑆𝑆𝐻𝐻 = �60 ×
𝜋𝜋
4𝐷𝐷

2 × (𝑃𝑃 + 14.7)0.97� ×
𝐿𝐿𝐹𝐹 × 𝐶𝐶𝐷𝐷 × (ℎ𝑠𝑠 − ℎ𝑓𝑓) × 𝐶𝐶𝐶𝐶 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻

100,000 × 𝜂𝜂  



 
Page 16 of 20 
 

DNV  –  www.dnv.com June 10, 2021 Page 16 
 

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝐻𝐻    = annual energy savings per year (therms) 

60    = empirically derived factor in Grashof equation (lbm/(in0.06-lb0.97-hr)) 

𝐷𝐷    = diameter of steam trap orifice (inches) 

𝑃𝑃    = pressure of steam in line at trap (psig); add 14.7 to get psia 

0.97    = empirically derived factor in Grashof equation 

𝐿𝐿𝐹𝐹 = leak factor is determined through field testing and accounts for partially 
obstructed orifices or non-ideal steam flow. Plugged traps use a value of 0% 
(i.e. no savings result from fixing a plugged trap), leaking traps use a value of 
26% and blowing by traps use a value of 55%    

𝐶𝐶𝐷𝐷    = discharge coefficient (70%) due to trap hole not being a perfect orifice 

ℎ𝑠𝑠, ℎ𝑓𝑓 = enthalpy of saturated steam and liquid, respectively, associated with 

specified trap operating pressure (Btu/lb) 

𝐶𝐶𝐶𝐶 = condensate return factor accounting for energy returned from leaking/blowing 
by traps via a condensate return line (36.3%) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻    = hours per year that a trap is pressurized and operating 

100,000    = therms per Btu conversion 

𝜂𝜂    = boiler plant efficiency (84%) 

The evaluators used the revised custom savings equation along with a collection of applicant and revised input parameters 
to calculate savings. The evaluators used the same trap orifice sizes used by the applicant as they were verified on site via 
spot checks and interviews with the site contact. Additionally, the evaluators updated the boiler plant efficiency and steam 
operating pressure value to reflect the information collected during the site visit. During the Phase 2 Steam Trap Evaluation 
study, it was determined that, for steam traps measures, the combustion efficiency of the steam boilers accurately describes 
the heating system efficiency. This approach was agreed upon by the MA EEAC following the Phase 2 Steam Trap 
Evaluation study results. 

2.4.3 Cross-check with utility billing data 
The evaluators were not provided with pre-implementation site billing data and therefore, could not conduct a billing analysis 
to verify the evaluated savings for this site. 
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3 FINAL RESULTS 
The evaluated project was installed at a biotech manufacturing facility and consisted of installation of insulation jackets, 
installation of condensate return line, and steam traps replacements at a biotech manufacturing facility. The evaluated 
savings for the project are higher than the reported savings. The parameters impacting the analysis are summarized in 
Table 3-1. 

Table 3-1. Summary of key parameters 
Baseline Applicant Evaluator 
Boiler plant efficiency 100% 84% 
Average fluid temperature 330°F 302°F 
Average ambient temperature 80°F 84°F 
Annual energized hours for insulated pipes and 
elbows 

8,760 8,760 

Pounds of condensate returned per year 0 lbs 0 lbs 
Steam trap operating pressure Ranges from 15 to 125 psi Ranges from 15 to 125 psi 
Steam trap orifice size Range from 3/32 inches to ½ 

inches 
Range from 3/32 inches to ½ 

inches 
Steam trap operating hours 8,760 8,760 
As-Built Applicant Evaluator 
Boiler plant efficiency Same as applicant’s baseline Same as evaluator’s baseline 
Average fluid temperature Same as applicant’s baseline Same as evaluator’s baseline 
Average ambient temperature Same as applicant’s baseline Same as evaluator’s baseline 
Annual energized hours for insulated pipes and 
elbows 

Same as applicant’s baseline Same as evaluator’s baseline 

Pounds of condensate returned per year 33,481,389 lbs 29,936,307 lbs 
Average condensate return temperature 170°F 198°F 
Average make-up city water temperature 55°F 58°F 
Steam trap operating pressure Same as applicant’s baseline Same as evaluator’s baseline 
Steam trap orifice size Same as applicant’s baseline Same as evaluator’s baseline 
Steam trap operating hours Same as applicant’s baseline Same as evaluator’s baseline 
Savings 

  

Annual natural gas savings (therms) 60,321 70,983 
Natural gas realization rate 118% 

3.1 Explanation of differences 
The evaluated savings are more than the tracked savings, due to the incorrect applicant project characterization. Table 3-2 
provides a summary of the differences between tracking and evaluated values. 
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Table 3-2. Summary of deviations 

End-use Discrepancy Parameter 
Impact of 
Deviation Discussion of Deviations 

Process Operating load ∆T (difference between 
condensate return 
temperature and make-
up water temperature) 

+22% Increased savings ‒ The applicant used ∆T of 
115°F to estimate savings for M2. Based on on-
site metering data, the evaluators estimated ∆T is 
140°F. 

Process Pre-project 
errors (inputs 
or calculations) 

Boiler efficiency +16% Increased savings ‒ the applicant used 100% 
boiler efficiency to calculate savings for M1, M2, 
and M3. The evaluators used the boiler efficiency 
value of 84%. 

Process Pre-project 
errors (inputs 
or calculations) 

Ambient temperature -5% Decreased savings – the applicant used 
average ambient temperature of 80°F to estimate 
savings for M1. The average ambient 
temperature on site was evaluated to be 84 °F. 
This parameter decreased the savings for M1. 

Process Analysis 
methodology 

Heat loss modeling 
approach 

-6% Decreased savings – the evaluators calculated 
the savings for M1 using 3E plus with “Pipe – 
Horizontal” option for pipes and “Tank Shell – 
Horizontal” option for fittings, while the applicant 
used a proprietary tool to estimate measure 
savings. 

Process Pre-project 
errors (inputs 
or calculations) 

Average fluid 
temperature 

-8% Decreased savings – the evaluated average 
fluid temperature (302°F) was less than the 
temperature assumed by the applicant (330°F). 
This parameter decreased the savings for M1. 

3.2 Lifetime savings 
The following subsections provide details on the tracking and the evaluated lifetime savings for each measure. 

M1 (MA19P00003735) 
Because the underlying steam boilers will outlive the installed measure, the evaluators classified this insulation measure as 
an add-on with a single baseline. The evaluators calculated the applicant and evaluated lifetime savings values using the 
following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 = 𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐  × [ 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 − 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 (years) 

OYF = 100% for this single baseline measure. 
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The evaluated lifetime savings are lower than the tracking lifetime savings because the evaluated first year savings are 
lower than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-3. Measure MA19P00003735 - Lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 266,730 223,755 N/A 
First year savings (therms) 17,782 14,917 -16% 
Measure lifetime (years) 15 15 0% 
Measure life reference BCR MA TRM N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – preexisting Single – preexisting N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A N/A N/A 

N/A = Not applicable 

M2 (MA19P00005845) 
The evaluators classified the condensate return measure as an add-on with dual baseline. The measure has a dual baseline 
because the installed measure life is larger than two-third of the measure life of the underlying steam distribution system. 
The evaluators calculated the applicant and evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 = 𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐  × [ 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 − 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 (years) 

OYF = 90% for this dual baseline measure. 

The evaluated lifetime savings are higher than the tracking lifetime savings because the evaluated first year savings are 
higher than the tracking first year savings. Table 3-4 provides a summary of key factors that influence the lifetime savings. 
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Table 3-4. Measure MA19P00005845 - Lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 693,072 845,316 N/A 
First year savings (therms) 38,504 50,316 31% 
Measure lifetime (years) 18 18 0% 
Measure life reference Project BCR Project BCR N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – preexisting Dual – preexisting N/A 
Outyear factor (OYF) 100% 90% -9% 
Measure status (operates or removed) N/A N/A N/A 

N/A = Not applicable 

M3 (MA19P00003724) 
Because the steam boilers are expected to outlive the installed steam trap measure, the evaluators classified this measure 
as a retrofit with a single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 = 𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐  × [ 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 − 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝐸𝐸𝑠𝑠𝑠𝑠𝑠𝑠𝑐𝑐 (years) 

OYF = 100% for this single baseline measure. 

The evaluated lifetime savings are lower than the tracking lifetime savings because the evaluated first year savings are 
greater than the tracking first year savings. Table 3-5 provides a summary of key factors that influence the lifetime savings. 

Table 3-5. Measure MA19P00003724 - Lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 24,210 34,500 N/A 
First year savings (therms) 4,035 5,750 43% 
Measure lifetime (years) 6 6 0% 
Measure life reference Project BCR MA TRM N/A 
Measure event type Retrofit Retrofit N/A 
Baseline classification Single – preexisting Single – preexisting N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A N/A N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts claimed for this project. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The measure consisted of the installation of two inches of polyisocyanurate insulation over approximately 680 feet of 
uninsulated outdoor hot water and chilled water pipes. This evaluation only covers the natural gas savings associated from 
insulating 170 feet of (5-inch diameter) HW supply piping and 170 feet of HW return piping. The electric savings insulating 
the chilled water pipes are not within the scope of this evaluation. 

The evaluated project was installed at a light industrial facility that uses a combined heat and power (CHP) plant as the 
primary source of hot water (HW), with boilers providing additional heat to the HW loop as-needed. 

In response to COVID, this site is operating at a reduced capacity with fewer than 400 people on site (pre-COVID, regular 
occupancy was approximately 1,700 people). The reduction in occupancy affected the CHP plant’s operation. Prior to the 
pandemic, the CHP plant associated with this measure ran for 90% of the year and it typically handled the total overnight 
electrical load of the site. During COVID operation, the site has had a significant drop in electrical load, and the CHP plant is 
shut down at night. The site installed the insulation measure in mid-2019, so there is less than one year of billing data 
covering regular (non-COVID) operation. Due to the COVID related operational changes and limited billing data, the Base 
evaluation method was completed for this site. The Base evaluation method includes review of the applicant files, baseline 
assumptions, and methodology and virtual interview. It excludes any metering, collection of trend data, or operational 
updates due to the impact of COVID on this site’s typical operation.  

This applicant classified the measure as a retrofit with bare pipes as the single baseline and calculated its impacts using 
3EPlus. According to the site contact, the HW pipes were previously insulated with fiberglass insulation, paper wrap, and a 
foil exterior. Sections of the insulation were damaged or missing and the site contact characterized the pre-existing case as 
“poorly insulated”. Based on the information provided by the site contact, the evaluator classified the measure as an add-on 
with single baseline. The measure has a single baseline because the measure life of the installed pipe insulation (15 years) 
is less than 2/3 of the life of the heating system (25 years). The evaluated baseline is the pre-existing conditions of the 
pipes. The evaluator determined the pre-existing condition is equivalent to approximately 0.5 inches of polyisocyanurate 
insulation. The evaluator calculated the measure impacts using the same algorithm as the applicant. The evaluated savings 
are less than the tracked estimate because the evaluator updated the baseline. The evaluation results are presented in 
Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 
Measure Life 

(years) 
Lifetime Savings 

(Therms) 
MA19P00003722 Pipe insulation Tracked 29,365 15 440,475 

Evaluated 1,622 15 24,330 
Realization rate 6% N/A 6% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are 94% less than the applicant-reported savings primarily due to the applicant’s inaccurate 
characterization of the pre-existing case, which overestimated the baseline heat loss. In the pre-existing case, the HW pipes 
did have insulation, but it had deteriorated since its initial installation. The applicant used a baseline with no insulation rather 
than calculating a “poorly insulated” baseline. The reduced heat loss of the evaluator baseline compared to the applicant’s 
modelled baseline results in a decrease in savings.  

Further details regarding deviations from the tracked savings are presented in Sections 2.4.1 and 3.1. 
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1.2 Recommendations for program designers and implementers 
The evaluator recommends including documentation of the pre-installation case, such as pictures of the existing pipes, 
descriptions of the existing insulation, estimates for the extent of the damage (i.e., % missing insulation) to the pre-
installation insulation and its impact (i.e., HW loop temperature drop) on the pipe’s heat loss. This will allow the applicant 
and program administrators (PA) to determine the appropriate baseline. 

The evaluator also recommends including a project timeline that includes dates for the initial insulation installation (pre-
existing case), when the initial damage was discovered, and when the decision to replace the insulation was made. These 
dates can affect whether a project is eligible to participate in energy saving incentive programs. If the existing insulation was 
replaced shortly after the site noticed the damage, then the project may not be eligible for savings. The repair/replacement 
could be considered part of typical maintenance. If the existing insulation was in a deteriorated state for more than two years 
and the site continued to operate normally, then the replacement of the existing insulation would be eligible for inclusion in 
the program as the update was made for the purpose of energy efficiency rather than necessity. 

The evaluator recommends including the version of 3E Plus used to calculate the heat loss for pipe insulation measures. 
The applicant calculations include a section that lists the base metal, insulation, jacket, and pipe size used to calculate heat 
loss for each pipe. The applicant insulation is listed as “PIR, Gr 2, Type I, II, and IV, C591-12b”. The evaluator used 3E Plus 
v4.1, which only includes “PIR, Gr 2, Type I, II, and IV, C591-16”. These two insulation types calculate slightly different heat 
loss for the same inputs. Providing the 3E Plus version will allow the evaluator to model the same insulation as the applicant. 
3E Plus also has an option to view the parameters used to characterize an insulation type and an option to add custom 
insulation material. If the applicant can include a screenshot of the values used to define their insulation’s performance, then 
the evaluator can recreate the same material (regardless of version). Figure 1-1 below shows the insulation information 
provided by 3E Plus. 

Figure 1-1. 3E Plus insulation type and modelling parameters 

 

1.3 Customer alert 
There are no customer alerts for this site. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the installation of 2” thick insulation on 340 ft of outdoor hot water pipes (170 ft each on supply and 
return pipes) used for space heating. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

The applicant files include savings an application, vendor proposal, applicant savings calculation, PA adjusted savings 
calculation, invoices, screening tool, and post inspection memo. 

2.2 Applicant description of baseline 
The applicant classified the measure as a retrofit with single baseline. The applicant baseline considers hot water pipes with 
no insulation. The applicant analysis (with PA adjustment) includes 170 linear feet of 5-inch diameter hot water (HW) supply 
pipes and 170 feet of 5-inch diameter HW return pipes. Table 2-1 presents the main parameters of the baseline as defined 
by the applicant and the PA. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Pipe material Steel 
Insulation type None 
Insulation thickness 0” 
Jacket material None 
Pipe size 5” 

 

2.2.1 Applicant description of installed equipment and operation 
The applicant measure includes the installation of 2” of polyisocyanurate insulation over 340 feet of 5” HW (supply and 
return) pipes. Table 2-2 presents the main parameters of the proposed (installed) case as defined in the applicant and PA 
adjusted analyses. 

Table 2-2. Applicant proposed summary 
Operation Description Value 
Pipe material Steel 
Insulation type PIR, Gr 2, Type I, II, and IV, C591-12b (in applicant analysis) 

Polyisocyanurate (PA adjusted savings) 
Insulation thickness 2” 
Jacket material All Service Jacket (in applicant analysis) 

Aluminum, oxidized, in service (PA adjusted savings) 
Pipe size 5” 
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2.2.2 Applicant energy savings algorithm 
The project documents include a spreadsheet calculation file labelled “Calculations w ES review.xlsx”. The original applicant 
savings calculation was adjusted by the PA. The tracked savings (29,365 therms) represent the average of the natural gas 
savings from the applicant analysis (32,569 therms) and PA analysis (26,160 therms). 

The applicant savings calculation uses 3E Plus to determine the heat loss (Btu/hr/ft) for the base and proposed case. The 
applicant savings used a 10°F outdoor air temperature bin model with varying heat losses (from 3E Plus) based on the 
outside air temperature (OAT) and wind speed in each bin. The bin model uses TMY3 weather data for Worcester, MA and 
include 8,760 hours. The 3E Plus inputs are shown in Table 2-3. 

Table 2-3. Applicant 3E Plus inputs 
3E Plus Input Value 
Process (HW supply) temperature 180°F 
Process (HW return) temperature 160°F 
Average ambient temperature 47°F  

(Average of mid-point temperatures in each bin) 
Average wind speed 9.7 mph  

(Varies in applicant analysis) 

The following equations are used to calculate the total annual heat loss in the base and proposed case for the HW pipes 
(supply and return) and to calculate the annual therm savings.  

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡ℎ𝑟𝑟𝑙𝑙𝐴𝐴𝑟𝑟ℎ 𝑏𝑏𝐴𝐴𝑟𝑟𝑏𝑏 ℎ𝑙𝑙𝑡𝑡 𝑤𝑤𝐴𝐴𝑡𝑡𝑏𝑏𝑟𝑟 𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏
=  𝑈𝑈𝑝𝑝𝑡𝑡𝑝𝑝𝑖𝑖𝑏𝑏 ∗�𝑃𝑃𝑝𝑝𝑝𝑝𝑏𝑏 𝐴𝐴𝑏𝑏𝐴𝐴𝑟𝑟𝑡𝑡ℎ ∗ (𝐻𝐻𝐻𝐻 𝑙𝑙𝐴𝐴𝑝𝑝𝑝𝑝𝐴𝐴𝑠𝑠 𝑏𝑏𝐴𝐴𝑟𝑟𝑏𝑏 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 +𝐻𝐻𝐻𝐻 𝑟𝑟𝑏𝑏𝑡𝑡𝐴𝐴𝑟𝑟𝐴𝐴 𝑏𝑏𝐴𝐴𝑟𝑟𝑏𝑏 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 ) ∗ 𝑏𝑏𝑝𝑝𝐴𝐴 ℎ𝑙𝑙𝐴𝐴𝑟𝑟𝑙𝑙 

𝐵𝐵𝐴𝐴𝑙𝑙𝑏𝑏 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑙𝑙𝑡𝑡 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝑝𝑝𝐴𝐴𝑝𝑝𝐴𝐴𝑡𝑡 =  
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡ℎ𝑟𝑟𝑙𝑙𝐴𝐴𝑟𝑟ℎ 𝑏𝑏𝐴𝐴𝑟𝑟𝑏𝑏 ℎ𝑙𝑙𝑡𝑡 𝑤𝑤𝐴𝐴𝑡𝑡𝑏𝑏𝑟𝑟 𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏
𝑇𝑇ℎ𝑏𝑏𝑟𝑟𝑖𝑖𝐴𝐴𝐴𝐴 𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝑝𝑝𝑏𝑏𝐴𝐴𝐸𝐸𝑠𝑠 ∗ 100,000 𝐵𝐵𝑡𝑡𝐴𝐴/ 𝑡𝑡ℎ𝑏𝑏𝑟𝑟𝑖𝑖

 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡ℎ𝑟𝑟𝑙𝑙𝐴𝐴𝑟𝑟ℎ 𝑝𝑝𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡𝑏𝑏𝑖𝑖 ℎ𝑙𝑙𝑡𝑡 𝑤𝑤𝐴𝐴𝑡𝑡𝑏𝑏𝑟𝑟 𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏
=  𝑈𝑈𝑝𝑝𝑡𝑡𝑝𝑝𝑖𝑖𝑏𝑏 ∗�𝑃𝑃𝑝𝑝𝑝𝑝𝑏𝑏 𝐴𝐴𝑏𝑏𝐴𝐴𝑟𝑟𝑡𝑡ℎ ∗ (𝐻𝐻𝐻𝐻 𝑙𝑙𝐴𝐴𝑝𝑝𝑝𝑝𝐴𝐴𝑠𝑠 𝑝𝑝𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡𝑏𝑏𝑖𝑖 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 +𝐻𝐻𝐻𝐻 𝑟𝑟𝑏𝑏𝑡𝑡𝐴𝐴𝑟𝑟𝐴𝐴 𝑝𝑝𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡𝑏𝑏𝑖𝑖 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 )

∗ 𝑏𝑏𝑝𝑝𝐴𝐴 ℎ𝑙𝑙𝐴𝐴𝑟𝑟𝑙𝑙 

𝑃𝑃𝑟𝑟𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙𝑏𝑏𝑖𝑖 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑙𝑙𝑡𝑡 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝑝𝑝𝐴𝐴𝑝𝑝𝐴𝐴𝑡𝑡 =  
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡ℎ𝑟𝑟𝑙𝑙𝐴𝐴𝑟𝑟ℎ 𝑝𝑝𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡𝑏𝑏𝑖𝑖 ℎ𝑙𝑙𝑡𝑡 𝑤𝑤𝐴𝐴𝑡𝑡𝑏𝑏𝑟𝑟 𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏
𝑇𝑇ℎ𝑏𝑏𝑟𝑟𝑖𝑖𝐴𝐴𝐴𝐴 𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝑝𝑝𝑏𝑏𝐴𝐴𝐸𝐸𝑠𝑠 ∗ 100,000 𝐵𝐵𝑡𝑡𝐴𝐴/ 𝑡𝑡ℎ𝑏𝑏𝑟𝑟𝑖𝑖  

𝐴𝐴𝑝𝑝𝑝𝑝𝐴𝐴𝑝𝑝𝐸𝐸𝐴𝐴𝐴𝐴𝑡𝑡 𝑡𝑡ℎ𝑏𝑏𝑟𝑟𝑖𝑖 𝑙𝑙𝐴𝐴𝑠𝑠𝑝𝑝𝐴𝐴𝑟𝑟𝑙𝑙 = 𝐵𝐵𝐴𝐴𝑙𝑙𝑏𝑏 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑙𝑙𝑡𝑡 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝑝𝑝𝐴𝐴𝑝𝑝𝐴𝐴𝑡𝑡 − 𝑃𝑃𝑟𝑟𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙𝑏𝑏𝑖𝑖 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑙𝑙𝑡𝑡 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝑝𝑝𝐴𝐴𝑝𝑝𝐴𝐴𝑡𝑡  

where,  

𝑈𝑈𝑝𝑝𝑡𝑡𝑝𝑝𝑖𝑖𝑏𝑏         - the expected % time the CHP plant is running (95%) 

𝑃𝑃𝑝𝑝𝑝𝑝𝑏𝑏 𝐴𝐴𝑏𝑏𝐴𝐴𝑟𝑟𝑡𝑡ℎ       - length of insulated pipe (170 ft for supply, 170 ft for return) 

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡ℎ𝑟𝑟𝑙𝑙𝐴𝐴𝑟𝑟ℎ 𝑏𝑏𝐴𝐴𝑟𝑟𝑏𝑏 ℎ𝑙𝑙𝑡𝑡 𝑤𝑤𝐴𝐴𝑡𝑡𝑏𝑏𝑟𝑟 𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏    - weighted sum of heat loss calculated by 3E Plus (2,461 MMBtu/yr)  

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡ℎ𝑟𝑟𝑙𝑙𝐴𝐴𝑟𝑟ℎ 𝑝𝑝𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡𝑏𝑏𝑖𝑖 ℎ𝑙𝑙𝑡𝑡 𝑤𝑤𝐴𝐴𝑡𝑡𝑏𝑏𝑟𝑟 𝑝𝑝𝑝𝑝𝑝𝑝𝑏𝑏 - weighted sum of heat loss calculated by 3E Plus (75 MMBtu/yr) 

𝑇𝑇ℎ𝑏𝑏𝑟𝑟𝑖𝑖𝐴𝐴𝐴𝐴 𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝑝𝑝𝑏𝑏𝐴𝐴𝐸𝐸𝑠𝑠      - calculated CHP plant thermal efficiency (73.3%) for heat recovery 

The CHP plant is designed for 95% uptime so it is designed to run 8,322 hours annually and the remaining hours are used 
for maintenance. The applicant files state that the thermal efficiency of the CHP plant is 52.95%, but the overall efficiency is 
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80.67% (including the generator production). The CHP plant thermal efficiency for heat recovery is calculated using the 
following equation.  

𝑇𝑇ℎ𝑏𝑏𝑟𝑟𝑖𝑖𝐴𝐴𝐴𝐴 𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝑝𝑝𝑏𝑏𝐴𝐴𝐸𝐸𝑠𝑠 𝐸𝐸𝑙𝑙𝑟𝑟 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝑟𝑟𝑏𝑏𝐸𝐸𝑙𝑙𝑠𝑠𝑏𝑏𝑟𝑟𝑠𝑠 =
𝑇𝑇ℎ𝑏𝑏𝑟𝑟𝑖𝑖𝐴𝐴𝐴𝐴 𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝑝𝑝𝑏𝑏𝐴𝐴𝐸𝐸𝑠𝑠

100% − 𝐺𝐺𝑏𝑏𝐴𝐴𝑏𝑏𝑟𝑟𝐴𝐴𝑡𝑡𝑙𝑙𝑟𝑟 𝑃𝑃𝑟𝑟𝑙𝑙𝑖𝑖𝐴𝐴𝐸𝐸𝑡𝑡𝑝𝑝𝑙𝑙𝐴𝐴  

where,  

𝑇𝑇ℎ𝑏𝑏𝑟𝑟𝑖𝑖𝐴𝐴𝐴𝐴 𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝑝𝑝𝑏𝑏𝐴𝐴𝐸𝐸𝑠𝑠    - Stated CHP plant thermal efficiency (52.95%) 

𝐺𝐺𝑏𝑏𝐴𝐴𝑏𝑏𝑟𝑟𝐴𝐴𝑡𝑡𝑙𝑙𝑟𝑟 𝑃𝑃𝑟𝑟𝑙𝑙𝑖𝑖𝐴𝐴𝐸𝐸𝑡𝑡𝑝𝑝𝑙𝑙𝐴𝐴    - Electric energy produced (27.72%) 

The PA savings were calculated in a slightly differ manner than the applicant. The PA used the National Mechanical 
Insulation Committee’s (NMIC) Energy Calculator for Horizontal Piping. This tool includes pipe length (170 ft for supply, 170 
ft for return) as an input and provides heat loss in Btu/hr, but the corresponding Btu/hr/ft heat loss approximately matches 
the 3E Plus output when the same inputs are used. The inputs listed in Table 2-4 were entered into the Energy Calculator. 
The applicant does not state the source of their ambient temperature or wind speed inputs.  

Table 2-4. PA NMIC inputs 
3E Plus Input Value 
Process (HW supply) temperature 180°F 
Process (HW return) temperature 160°F 
Average ambient temperature 51°F 
Average wind speed 8 mph 

The heat loss for the bare and insulated cases for the HW supply (left) and the HW return (right) are included in Figure 2-1. 

Figure 2-1. Heat loss from National Mechanical Insulation Committee’s Energy Calculator for Horizontal Piping  

     

The following equation was used to calculate the annual therms saved for each section of pipe.  

𝑃𝑃𝐴𝐴 𝑡𝑡ℎ𝑏𝑏𝑟𝑟𝑖𝑖𝑙𝑙 𝑙𝑙𝐴𝐴𝑠𝑠𝑝𝑝𝐴𝐴𝑟𝑟𝑙𝑙 =  
𝑈𝑈𝑝𝑝𝑡𝑡𝑝𝑝𝑖𝑖𝑏𝑏 × (𝑏𝑏𝐴𝐴𝑟𝑟𝑏𝑏 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 − 𝑝𝑝𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡𝑏𝑏𝑖𝑖 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙) × 8,760

100,000 𝐵𝐵𝑡𝑡𝐴𝐴/𝑡𝑡ℎ𝑏𝑏𝑟𝑟𝑖𝑖 × 𝐻𝐻𝑏𝑏𝐴𝐴𝑡𝑡𝑝𝑝𝐴𝐴𝑟𝑟 𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝑝𝑝𝑏𝑏𝐴𝐴𝐸𝐸𝑠𝑠  

where,  
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𝑈𝑈𝑝𝑝𝑡𝑡𝑝𝑝𝑖𝑖𝑏𝑏    - the expected % time the CHP plant is running (95%) 

𝐵𝐵𝐴𝐴𝑟𝑟𝑏𝑏 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙   - heat loss calculated by Energy Calculator (141,734 Btu/hr for supply, 118,525 Btu/hr for return) 

𝐼𝐼𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡𝑏𝑏𝑖𝑖 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 - heat loss calculated by Energy Calculator (4,793 Btu/hr for supply, 3,985 Btu/hr for return) 

𝑇𝑇ℎ𝑏𝑏𝑟𝑟𝑖𝑖𝐴𝐴𝐴𝐴 𝐸𝐸𝐸𝐸𝐸𝐸𝑝𝑝𝐸𝐸𝑝𝑝𝑏𝑏𝐴𝐴𝐸𝐸𝑠𝑠 - boiler efficiency (80%) 

The applicant analysis calculated 32,569 therms saved, while the PA analysis calculated 26,160 therms saved. These two 
values were averaged for a tracked savings of 29,365 therms. A comparison of the applicant and PA savings calculation 
inputs is shown in Table 2-5 below. 

Table 2-5. Applicant and PA inputs 
3E Plus Input Applicant PA 
Process (HW supply) temperature 180°F 180°F 
Process (HW return) temperature 160°F 160°F 
Average ambient temperature Average of bin max/min temp 

(weighted avg of 47°F) 
51°F 

Average wind speed 9.7 mph (varies in applicant analysis) 8 mph 
Operating hours 8,322 8,322 
Thermal efficiency 73% 80% 

Additional details on the applicant and PA algorithms can be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The evaluator agrees with the applicant’s use of 3E Plus and a bin model with TMY3 data from Worcester, MA to calculate 
the measure savings. The applicant analysis directly states most of their inputs; however, the applicant’s insulation type, 
“PIR, Gr 2, Type I, II, and IV, C591-12b” is not available to the evaluator. The 3E Plus v4.1 software includes one option for 
polyisocyanurate (PIR) insulation, which is “PIR, Gr 2, Type I, II, and IV, C591-16” and multiple options for the jacketing 
material. The insulation and jacket combination with the closest calculated heat loss is “PIR, Gr 2, Type I, II, and IV, C591-
16” with “Aluminum, oxidized, in service”. Its insulated heat loss differs by less than 5% from the applicant heat loss 
(Btu/hr/ft). Using this insulation type in the applicant savings calculation would not significantly change the savings.  

The applicant analysis assumes the average temperature in each bin is the mid-point of the bins (i.e., the average 
temperature between 80°F and 90°F is 85°F); the evaluation calculated average temperature in each bin based on the 
hourly TMY3 data differs slightly (i.e., 83°F). The evaluator uses the calculated average temperature.  

The evaluator also agrees with the PA’s use of the National Mechanical Insulation Committee’s Energy Calculator for 
Horizontal Piping and a spreadsheet analysis to calculate the measure savings. The two tools provide the same Btu/hr/ft 
heat loss output when the same inputs are used.  

2.3 Virtual inspection 
Due to the impact of COVID on this site’s operation, a virtual interview and images of the installed measure were used to 
verify measure installation. This section provides details on the information gathered during the virtual interview. No other 
M&V tasks were completed. 
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2.3.1 Summary of virtual findings 
The evaluators conducted a virtual interview with the senior facilities engineer on March 18, 2021. The major findings from 
the site interview and follow up conversations are summarized below. 

• The HW pipes were previously insulated with fiberglass insulation, paper wrap, and a foil exterior. Over time, this 
insulation was damaged by people (climbing onto the pipes to perform maintenance), by the sun, and by piping 
repairs. The pre-existing insulation had tears and separations along sections of the pipe and over joints. There 
was >10°F drop in hot water temperature over the length of outdoor HW piping. In the post-installation case, this 
temperature drop is between 3°F to 4°F. 

• The pipe insulation has been noticeably damaged since August 2014. 

• The site is constantly working to improve the dependability of the CHP plant (installed in October 2010). In late 
2016/early 2017, the CHP plant had severe mechanical issues and was down for an extended period. By 
2017/2018, the CHP plant was operating and being monitored for potential efficiency improvements. The site 
decided to replace the damaged insulation on the HW piping to reduce heat loss. 

• The measure was installed approximately one year after the CHP plant was repaired (2018/2019). The site 
confirmed that 170 ft of HW supply and 170 ft HW return is a reasonable estimate of pipe length. 

• The site aims to keep the CHP plant online 24/7. The site contact said, pre-COVID, the CHP plant typically ran 90% 
of the year. Its load is set to meet electric demand. The CHP plant has a thermal output of 3.6 million Btu/h. Pre-
COVID operation, the CHP plant had an overall efficiency of ~76%, a thermal efficiency of ~53%, and an electric 
efficiency of ~23%. 

• The CHP plant is located in a parking lot and connects through outdoor CHW and HW piping to a lab building. The 
waste heat from the CHP plant is used to heat the HW delivered to the lab building. If the waste heat is unable to 
meet the full heating load, then natural gas boilers are used. The lab building has three non-condensing 
7.2 million Btu/h boilers. The boilers are 80% efficient and are in the middle of their expected life. 

• The HW loop is used for space heating. The HW setpoint is kept constant at 180°F. The HW return temperature 
dictates the controls. There is no HW reset.  

• Pre-COVID, the boilers would begin running at 6am when there was a large increase in the building load (transition 
to occupied mode) and the CHP plant would be operating at full load from 6am to 6pm. The boilers ran during the 
daily ramp up in building demand and as-needed during regular occupancy. The lab spaces are 100% OA and 
require reheat in the summer. The site has a year-round heating load, but the summer loads are lower than those 
in the winter. The boilers typically do not run during the summer because the CHP can meet the reduced heating 
loads. 

• The site is constantly looking for opportunities to improve its energy efficiency. From late 2019 to late 2020, the site 
completed an Equipment & Systems Performance Optimization (ESPO) study. After review of their EMS, the site 
reprogrammed some unit heaters and changed the control sequences for some equipment. These changes do not 
impact the measure savings for this project. The control sequences for some zone equipment were updated, which 
may affect the total energy use of the site. 

A summary of the on-site verification is provided in Table 2-6. 
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Table 2-6. Measure verification 
Measure Name Verification Method Verification Result 
Pipe Insulation Verification via photo graphs provided by 

the site contact.  
Images (Figure 2-2) show the insulated HW pipes 
with aluminum jacketing in good condition. 

The site’s senior facilities engineer also provided images of the installed insulation, which are included in Photo 2-1 below. 

Photo 2-1. Images of installed insulation 

   

2.3.2 Measured and logged data 
No metering was done. Only a virtual visit was completed.  

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator reviewed the project files and interviewed the site contact to gather information on the baseline. This retrofit 
measure is an add-on with single baseline because the measure of the installed pipe insulation is less than 2/3 of the life of 
the heating system.  

The baseline is the pre-existing conditions. While the applicant modelled the pre-existing damaged insulation as no 
insulation (bare HW pipes), the evaluator modelled a “poorly insulated” baseline. The evaluator requested guidance from the 
baseline advisory group (BAG) on this measure. The BAG reviewed the measure and based on the information provided by 
the site contact. The BAG approved the evaluator’s approach for determining the “poorly insulated” baseline. The evaluator 
baseline was calculated using the hot water temperature drops across the length of supply outdoor piping (10°F in the pre-
existing case, 3°F in the post install case) provided by the site contact. 

The evaluator used the ratio of the pre-/post-install ∆T and the proposed heat loss to determine the baseline heat loss and 
its associated insulation thickness. For the proposed/installed case, we used the two-inch Polyisocyanurate (PIR) insulation. 
The site contact could not recall whether these ∆Ts corresponded to the heat loss on the coldest day or on an average day. 
The evaluator calculated the baseline heat loss using 3E Plus for both the coldest and average day conditions (temperature 
and wind speed) and using the following equation.  

𝐵𝐵𝐴𝐴𝑙𝑙𝑏𝑏𝐴𝐴𝑝𝑝𝐴𝐴𝑏𝑏 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 =  𝑃𝑃𝑟𝑟𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙𝑏𝑏𝑖𝑖 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 ×
∆𝑇𝑇 𝐴𝐴𝑡𝑡 𝑏𝑏𝐴𝐴𝑙𝑙𝑏𝑏𝐴𝐴𝑝𝑝𝐴𝐴𝑏𝑏

∆𝑇𝑇 𝑙𝑙𝐸𝐸 𝑝𝑝𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡𝑏𝑏𝑖𝑖 𝑙𝑙𝑠𝑠𝑙𝑙𝑡𝑡𝑏𝑏𝑖𝑖
 

where, 

𝑃𝑃𝑟𝑟𝑙𝑙𝑝𝑝𝑙𝑙𝑙𝑙𝑏𝑏𝑖𝑖 ℎ𝑏𝑏𝐴𝐴𝑡𝑡 𝐴𝐴𝑙𝑙𝑙𝑙𝑙𝑙 - heat loss calculated by 3E Plus for 2” PIR insulation on a design day 
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∆𝑇𝑇 𝐴𝐴𝑡𝑡 𝑏𝑏𝐴𝐴𝑙𝑙𝑏𝑏𝐴𝐴𝑝𝑝𝐴𝐴𝑏𝑏 - pre-existing temperature drop across the uninsulated HW supply pipe (10°F) 

∆𝑇𝑇 𝑙𝑙𝐸𝐸 𝑝𝑝𝐴𝐴𝑙𝑙𝐴𝐴𝐴𝐴𝐴𝐴𝑡𝑡𝑏𝑏𝑖𝑖 𝑙𝑙𝑠𝑠𝑙𝑙𝑡𝑡𝑏𝑏𝑖𝑖 - post-install temperature drop across the uninsulated HW supply pipe (3°F) 

That is, the pre-retrofit heat loss is approximately three times (10/3) the post-retrofit heat loss. Figure 2-2 and Figure 2-3 
present the heat loss values as a function of insulation thickness for average and coldest outdoor air temperature values. 

Figure 2-2. Heat loss versus insulation thickness on an average day (OAT = 46°F, wind speed = 9.7 mph) 
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Figure 2-3. Heat loss versus insulation thickness on the coldest day (OAT = -10.7°F, wind speed = 31.0 mph) 

 

In both cases, the “poorly insulated” baseline was equivalent to approximately 0.50 inches of polyisocyanurate insulation 
with an in service, oxidized, aluminum jacket. 

2.4.2 Evaluation calculation method 
The evaluator used the same methodology as the applicant and PA and updated the applicant and PA spreadsheet 
calculation to reflect the “poorly insulated” baseline, the efficiency of the non-condensing boiler (80%), summer heating 
source, and the average ambient temperatures and wind speeds from TMY3 weather data. 

The baseline was updated to reflect the pre-existing conditions as described by the site contact. When the CHP plant was 
installed in October 2010, the pre-existing HW pipes were insulated. The insulation was not properly wrapped and 
deteriorated over time, but the pre-existing insulation still limited heat loss (when compared to bare metal pipes). 

Waste heat from the CHP plant is used to pre-heat the HW loop before the hot water travels through the outdoor piping and 
to the non-condensing boilers (located in the building being heated). Any heat loss though the outdoor pipes would be 
supplemented by the boilers, so the boiler efficiency is used.  

The site has a year-round heating load, but the summer loads are significantly lower than those in the winter. The (electrical-
load-follwing) CHP plant has an excess of waste heat that can maintain the HW loop temperature setpoint without running 
the boilers during the summer. Reducing the heat loss (via insulation) from the HW pipe in the summer would reduce the 
amount of waste heat need to maintain the HW loop temperature, but the “saved” waste heat would be dumped with the 
existing excess waste heat in the summer. This would not impact the site’s natural gas usage. The evaluator analysis 
excludes the (waste heat) therm savings in the summer period (June, July, August). The boilers are in use for the remaining 
9 months (6,552 hours annually). In the applicant analysis, the applicant used 8,760 hours/year and an uptime of 95%. 
While the site contacted mentioned an uptime of 90% during the virtual interview, the evaluator does not have enough 
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information to verify this statement. If this site’s operation was not affected by COVID-19, then the evaluator could complete 
M&V (i.e. install meters, collect trends) and would have sufficient data to verify the annual hours. The evaluator model uses 
the same update as the applicant analysis. With the removal of the summer months and an uptime of 95%, the evaluator 
annual hours are 6,224 hours. 

The evaluator updated the average ambient temperature and wind speed values based on TMY3 weather data, which 
reflects a typical year for this site. The HW temperatures were not adjusted because these parameters could not be 
confirmed by metering. Table 2-7 lists the main parameters used in the baseline and installed cases. These values are 
entered into 3E Plus to calculate the heat loss (Btu/ft/hr). The evaluator updated the applicant and PA savings algorithms 
using 3E Plus because the Energy Calculator does not calculate the heat loss for insulation thickness between 0 and 1 inch. 

Table 2-7. Evaluator inputs summary 
Operation Description Baseline Installed 
Pipe material Steel Steel 
Insulation type PIR, Gr 2, Type I, II, and IV, C591-16 PIR, Gr 2, Type I, II, and IV, C591-16 
Insulation thickness 0.5” 2” 
Jacket material Aluminum, oxidized, in service Aluminum, oxidized, in service 
Process (HW supply) temperature 180°F 180°F 
Process (HW return) temperature 160°F 160°F 
Average ambient temperature (excluding 
summer period)* 

40°F  
 

40°F  
 

Average wind speed (excluding summer 
period)* 

10.2 mph  10.2 mph  

Annual hours (excluding summer period)  6,552 hours 6,552 hours 
Thermal/heating efficiency 80% 80% 

*The tracked and evaluated savings are based on the average savings calculated from the applicant savings methodology 
(bin model with varying ambient temperatures and wind speeds) and the PA’s savings methodology (ambient temperature 
and wind speed for an average non-summer day) calculation.  

The applicant algorithm calculated 1,507 therms saved, while the PA algorithm calculated 1,736 therms saved. These 
values differ by ~15%. To match the tracked savings calculation approach, these two values were averaged to get an 
evaluated savings of 1,622 therms. 

2.4.3 Cross-check with utility billing data 
The evaluator did a preliminary review of the natural gas billing data for this site. There is a significant range in annual 
natural gas consumption from 2016 to 2019. The annual natural gas consumption does not match typical heating demand 
profiles, which Is expected due to the demand of the CHP plant (gas-fired reciprocating internal combustion engine). Due to 
the complexity of separating the natural gas usage of the CHP plant (for electricity generation) from the total site load, a 
billing analysis was not completed. 
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3 FINAL RESULTS 
This section summarizes the evaluation results determined in the analysis above and includes a summary table of key 
parameters in the applicant and evaluator analysis. 

The measure included the installation of 2 inches of polyisocyanurate insulation over approximately 680 feet of uninsulated 
outdoor hot water and chilled water pipes. This evaluation only covered the natural gas savings associated from insulating 
170 feet of (5-inch diameter) HW supply piping and 170 feet of HW return piping. Using the same methodology as the 
applicant and the PA, the evaluator updated the savings calculation to include a “poorly insulated” baseline, a heating 
efficiency equal to the boiler efficiency, and ambient conditions (temperature, wind speed) consistent with TMY3 data for the 
site. The evaluated savings are less than the tracked values. The parameters impacting the analysis are summarized in 
Table 3-1. 

Table 3-1. Summary of key parameters 
Baseline Applicant Evaluator 
Insulation thickness none PIR, Gr 2, Type I, II, and IV, C591-16 
Insulation type 0” 0.5” 
Jacket material none Aluminum, oxidized, in service 
Process (HW supply) temperature 180°F 180°F 
Process (HW return) temperature 160°F 160°F 
Average ambient temperature 47°F (applicant, varies) 

51°F (PA) 
40°F (excludes summer period) 

Average wind speed 9.7 mph (applicant, varies) 
8 mph (PA) 

10.2 mph (excludes summer period) 

Thermal/heating efficiency 73.3% (applicant) 
80% (PA) 

80% 

Annual hours 8,322 6,224 (excludes summer period) 
Pipe size 5” 5” 
Total length of HW piping 340 ft 340 ft 
Average HW supply heat loss 943.57 Btu/hr/ft (applicant) 

833.73 Btu/hr/ft (PA) 
91.01Btu/hr/ft (applicant algorithm) 

90.81 Btu/hr/ft (PA algorithm) 
Average HW return heat loss 796.02 Btu/hr/ft (applicant) 

697.21 Btu/hr/ft (PA) 
76.84 Btu/hr/ft (applicant algorithm) 
76.63 Btu/hr/ft (applicant algorithm) 

Installed Applicant Evaluator 
Insulation thickness 2” 2” 
Insulation type PIR, Gr 2, Type I, II, and IV, C591-12b 

(Applicant) 
Polyisocyanurate (PA) 

PIR, Gr 2, Type I, II, and IV, C591-16 

Jacket material All Service Jacket (applicant) 
Aluminum, oxidized, in service (PA) 

Aluminum, oxidized, in service 

Average HW supply heat loss 29.15 Btu/hr/ft (applicant) 
28.19 Btu/hr/ft (PA) 

29.22 Btu/hr/ft (applicant algorithm) 
29.16 Btu/hr/ft (PA algorithm) 

Average HW return heat loss 24.379 Btu/hr/ft (applicant) 
23.44 Btu/hr/ft (PA) 

24.66 Btu/hr/ft (applicant algorithm) 
24.60 Btu/hr/ft (PA algorithm) 

Savings 
  

Annual natural gas savings 
(therms) 

29,365 1,907 

Natural gas realization rate 6% 
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3.1 Explanation of differences 
The evaluated savings are less than the tracked savings primarily due to the incorrect applicant baseline and the associated 
difference in heat loss in a baseline with no insulation versus 0.5” of insulation. Table 3-2 provides a summary of the 
differences between tracking and evaluated values. 

Table 3-2. First-year savings - summary of deviations 
End-
use Discrepancy Parameter 

Impact of 
Deviation Discussion of Deviations 

HVAC Baseline Baseline 
characterization 

-83% Decreased savings ‒ The evaluator updated the baseline to 
reflect the pre-existing poorly insulated HW pipes. The 
applicant modelled a no insulation baseline, while the 
applicant calculated a “poorly insulated” case equivalent to 
0.5” of PIR insulation. There is a significant drop in the 
baseline heat loss between zero and 0.5” of insulation, which 
decreased the measure savings. 

HVAC Pre-project 
errors (inputs 
or calculations) 

Annual Hours 
(for potential 
boiler operation) 

-13% Decreased savings ‒ The evaluator analysis excludes any 
therm savings from the summer period (June, July, August). 
The summer heating loads are significantly lower than those 
in the winter so the site can meet the load with the CHP Plant 
waste heat without running the boilers. Reducing heat loss 
(via insulation) through the HW pipe would reduce the amount 
of waste heat needed to maintain the HW loop temperature, 
but it would not impact the site’s natural gas usage. The 
“saved” waste heat would be dumped with other excess waste 
heat in the summer period.  

HVAC Analysis 
methodology 

Thermal/heating 
efficiency 

-4% Decreased savings ‒ The evaluator used the efficiency of 
the non-condensing boilers (80%) rather than using the 
thermal efficiency (for heat recovery) of the CHP plant. The 
waste heat from the CHP plant is used to pre-heat the HW 
loop before the HW travels through the outdoor piping and to 
the building (and boilers). Any heat loss though the outdoor 
pipes would be supplemented by the boilers. 

HVAC Pre-project 
errors (inputs 
or calculations) 

Weather data +6% Increased savings ‒ The applicant and PA used slightly 
different values for the average ambient temperature and 
wind speed. The evaluator updated these values to reflect 
TMY3 weather data, which results in a slightly lower average 
ambient temperature (for both algorithms) and a higher 
average wind speed (compared to the PA algorithm). This 
affected the average heat loss and resulted in an increase in 
savings. 

3.2 Lifetime savings 
The evaluators classified this measure as an add-on with a single baseline because the measure life of the installed pipe 
insulation is less than 2/3 of the life of the heating system.  

The evaluator calculated the lifetime savings using the following formula: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  ×  [ 𝑅𝑅𝑈𝑈𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝑈𝑈𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝑅𝑅𝑈𝑈𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)] 

where: 
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𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑈𝑈𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years)  

𝑅𝑅𝑈𝑈𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = 1/3 of 𝐸𝐸𝑈𝑈𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (years) 

OYF = 100% for single-baseline measures. This factor accounts for dual-baseline 
impacts. 

The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 
smaller than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-3. Measure MA19P00003722- Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 440,475 24,330 N/A 
First year savings (therms) 29,365 1,622 -94% 
Measure lifetime (years) 15 15 0% 
Measure life reference Tracking MA TRM N/A 
Measure event type Retrofit Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 

Measure status (operates or removed) N/A Operational N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
The energy savings measure was to install 2 inches of polyisocyanurate insulation over approximately 680 feet of 
uninsulated outdoor hot water and chilled water pipes. This evaluation only covers the natural gas savings associated with 
insulating 170 feet of (5-inch diameter) HW supply piping and 170 feet of HW return piping. However, there are electric 
savings associated with insulating the 170 feet of (6-inch diameter) CHW supply piping and 170 feet of CHW piping. 

The applicant analysis assumed no insulation in the baseline case for the CHW pipes and a centrifugal chiller performance 
of 0.6 kW/ton. 3E Plus was used to calculate heat loss in both cases. The applicant claimed 7,492 kWh savings from a 
reduction in heat loss. However, the actual savings may be closer to 240 kWh because the evaluator’s baseline update 
would impact the baseline for the CHW pipes as well. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at a light industrial facility and consisted of installation of a pulp molding machine with 
the following energy efficiency upgrades: an energy efficient dryer, a wet pressing mechanism, and a heat recovery system. 
The addition of energy efficiency upgrades improves the efficiency of the installed machine, reducing gas consumption. The 
installed machine operates for 8,164 hours per year. 

The applicant classified the project as a new construction with an Industry Standard Practice (ISP) baseline. The applicant 
defined the ISP as the same machine without the energy efficiency upgrades. The applicant calculated measure savings by 
comparing the efficiency of the installed system (reported 0.085 therm/kg of finished product) with the efficiency of baseline 
system (0.159 therm/kg of finished product). 

Since the facility’s production was not impacted by the COVID-19 pandemic and since the evaluators were able to gather 
metered data from site, the evaluators evaluated this site using Base + Add-on #3 (Full M&V) evaluation method. Based on 
the discussion with the Baseline Advisory Group (BAG), the evaluators determined the measure to be a lost opportunity with 
a unique baseline. The baseline is a pulp molding machine without any energy efficiency upgrades. 

The evaluators calculated the measure impacts using the same methodology used by the applicant. The evaluated savings 
are higher than tracking estimates because the applicant reported annual operating hours and hourly production rate values 
of the installed equipment are lower than the values estimated by the evaluators. The evaluation results are presented in 
Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 

Measure 
Life 

(years) 

Lifetime 
Savings 
(Therms) 

MA19P00003653 Pulp machine Tracked 109,680 15 1,645,200 

Evaluated 111,939 13 1,455,207 
Realization rate 102% N/A 88.5% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are 2% more than the applicant-reported savings primarily because the evaluated annual operating 
hours and hourly production rate of the installed equipment are higher than the applicant-reported annual operating hours 
and hourly production rate of the installed equipment. Further details regarding deviations from the tracked savings are 
presented in Section 3-4. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no customer alerts at this time. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of installation of a pulp molding machine with the following energy efficiency upgrades: an energy 
efficient dryer, a wet pressing mechanism, and a heat recovery system. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
According to the savings analysis file provided by the applicant, the baseline is a pulp molding machine without efficient 
upgrades. Table 2-1 presents the main parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Efficient dryer Not included 
Wet press Not included 
Heat recovery Not included 
Efficiency (gas energy consumed per kilogram of finished product) 0.159 therm/kg 
Hourly production rate 180 kg/hr 
Annual operating hours 8,164 

2.2.1 Applicant description of installed equipment and operation 
The installed equipment is equipped with three energy efficiency upgrades (efficient dryer, wet press, and heat recovery) 
that result in an increased gas efficiency. Based on theoretical calculations, the applicant estimated the efficiency of the 
installed pulp molding machine to be 0.085 therm/kg. All the other operational parameters were considered the same as the 
baseline. 

2.2.2 Applicant energy savings algorithm 
The applicant calculated the savings using a custom analysis spreadsheet. The annual gas energy savings were calculated 
using the following formula:  

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = (𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒
𝑘𝑘𝑠𝑠

− 𝐼𝐼𝐵𝐵𝐵𝐵𝐼𝐼𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑑𝑑𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒
𝑘𝑘𝑠𝑠

) ×
𝑘𝑘𝑘𝑘
ℎ𝑟𝑟 × 𝐻𝐻𝐻𝐻𝐻𝐻𝑟𝑟𝐵𝐵  

where: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   = annual gas energy savings (therm/year) 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒
𝑘𝑘𝑘𝑘

 = baseline equipment efficiency, gas energy per kilogram of finished product 

consumed by the baseline equipment (0.159 therm/kg) 

𝐼𝐼𝐵𝐵𝐵𝐵𝐼𝐼𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑑𝑑𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒
𝑘𝑘𝑘𝑘

 = installed equipment efficiency, gas energy per kilogram of finished product 

consumed by the installed equipment (0.085 therm/kg) 
𝑘𝑘𝑠𝑠
ℎ𝑒𝑒

    = hourly production rate (180 kg/hr) 
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𝐻𝐻𝐻𝐻𝐻𝐻𝑟𝑟𝐵𝐵 = annual operating hours (8,164 hours per year) 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The evaluators found the applicant’s overall methodology appropriate. The applicant estimated the installed equipment 
efficiency based on the equipment nameplate information. 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
Due to COVID-19 restrictions, visitors were not allowed on site. To verify the measure installation, the evaluators conducted 
a virtual site visit (video call) on May 31, 2021. During the virtual site visit, the evaluators interviewed the facility manager 
and verified the installation of the pulp molding machine equipped with the energy efficiency upgrades. 

The site contact informed that the installed pulp molding machine has a dedicated gas meter. The site contact provided 
evaluators with the gas consumption data from September 2020 to February 2021 and production data from January 2020 
to February 2021 of the installed machine. A summary of the on-site verification is provided in Table 2-2. 

Table 2-2. Measure verification 
Measure Name Verification Method Verification Result 
Pulp machine Visual (video call + photos) verification 

of measure installation 
The pulp molding machine equipped with the energy 
efficiency upgrades was installed and operational. 

Photo 2-1 presents the installed pulp molding machine. 

Photo 2-1. Installed pulp molding machine 

    

 

2.3.2 Measured and logged data 
Table 2-3 presents the gas billing and production data of the evaluated pulp molding machine provided by the site contact. 
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Table 2-3. Operational data of the installed machine 

Month-Year  Days of Operation Production (kg) Gas Consumption (therm) 
Feb-2021 28 122,540 11,427 

Jan-2021 29 121,220 11,432 

Dec-2021 30 137,610 11,828 

Nov-2020 30 134,310 12,451 

Oct-2020 31 154,770 11,488 

Sep-2020 30 142,890 12,726 

Aug-2020 31 153,120 N.D. 

Jul-2020 27 122,100 N.D. 

Jun-2020 29 117,040 N.D. 

May-2020 27 108,130 N.D. 

Apr-2020 30 139,590 N.D. 

Mar-2020 30 119,680 N.D. 

Feb-2020 29 130,130 N.D. 

Jan-2020 30 114,180 N.D. 

N.D. = No data 

2.4 Evaluation methods and findings 
This section describes the evaluators methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluators reviewed the project files and interviewed the site contact to gather information on the baseline. The 
evaluators requested guidance from the baseline advisory group (BAG). The BAG reviewed the measure and, based on the 
information provided in the project files and by the site contact, determined this measure is a lost opportunity with a unique 
baseline. The baseline is a pulp molding machine without any energy efficiency upgrades. As per the site contact, the 
baseline therm/kg efficiency was estimated based on the operational data of a unit  similar to the evaluated one that does 
not have the three efficiency upgrades and was installed in one of their facilities outside the US. The site contact, however, 
could not provide actual operational data for that less efficient unit. As such, the evaluators assumed the baseline efficiency 
value to be the same as the value reported by the applicant (i.e. 0.159 therm/kg). 

2.4.2 Evaluation calculation method 
The evaluators modelled the savings using the same engineering analysis methodology as the applicant’s, but with updated 
inputs based on evaluation findings. 

Based on the reported number of annual operational days of the installed machine, the evaluators estimated the annual 
operating hours of 8,418 hours. Using the monthly production data and number of operational days data, the evaluators 
estimated average annual hourly production rate of 185 kg/hr, based on a simple average. Similarly, based on the gas 
consumption (therm) and production (kg) data of the installed machine, the evaluators estimated the installed equipment 
efficiency of 0.089 therm/kg. 

The evaluator’s savings analysis is based on the following formula: 
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∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = (𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒
𝑘𝑘𝑠𝑠

− 𝐼𝐼𝐵𝐵𝐵𝐵𝐼𝐼𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑑𝑑𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒
𝑘𝑘𝑠𝑠

) ×
𝑘𝑘𝑘𝑘
ℎ𝑟𝑟 × 𝐻𝐻𝐻𝐻𝐻𝐻𝑟𝑟𝐵𝐵  

where: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   = annual gas energy savings (therm/year) 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒
𝑘𝑘𝑘𝑘

 = baseline system efficiency, gas energy per kilogram of finished product 

consumed by the baseline equipment (0.159 therm/kg) 

𝐼𝐼𝐵𝐵𝐵𝐵𝐼𝐼𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑑𝑑𝑡𝑡ℎ𝑒𝑒𝑒𝑒𝑒𝑒
𝑘𝑘𝑘𝑘

 = installed equipment efficiency, gas energy per kilogram of finished product 

consumed by the installed equipment (0.089 therm/kg) 
𝑘𝑘𝑠𝑠
ℎ𝑒𝑒

    = hourly production rate (185 kg/hr) 

𝐻𝐻𝐻𝐻𝐻𝐻𝑟𝑟𝐵𝐵 = annual operating hours (8,418 hours per year) 

The monthly engineering analysis results are presented in Table 2-4. 

Table 2-4. Engineering analysis results 

Month 
Days of 

Operation Production (kg) 

Baseline Gas 
Consumption 
(therm/month) 

Installed Gas 
Consumption 
(therm/month) 

Gas Savings 
(therm) 

1 29 129,022 20,641 11,386 9,255 

2 28 125,685 20,107 11,092 9,016 

3 30 133,471 21,353 11,779 9,574 

4 30 133,471 21,353 11,779 9,574 

5 27 120,124 19,218 10,601 8,617 

6 29 129,022 20,641 11,386 9,255 

7 27 117,899 18,862 10,405 8,457 

8 31 137,920 22,065 12,171 9,893 

9 30 131,247 20,997 11,583 9,415 

10 31 137,920 22,065 12,171 9,893 

11 30 133,471 21,353 11,779 9,574 

12 31 131,247 20,997 11,583 9,415 

Total 351 1,560,499 249,653 137,714 111,939 

The evaluated savings resulted from installing the energy efficient unit is 111,939 therms/year. 

2.4.3 Cross-check with utility billing data 
Because the project was classified as a lost opportunity involving new equipment purchase, the evaluator determined that 
the pre- and post-implementation billing analysis is not an applicable method to verify the evaluated savings for this site. 
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3 FINAL RESULTS 
The project consisted of installing a pulp molding machine equipped with efficient dryer, wet press, and heat recovery. The 
evaluators calculated the project savings using the same methodology used by the applicant. The evaluated savings are 
slightly more than the savings reported by the applicant. The parameters impacting the analysis are presented in Table 3-1. 

Table 3-1. Summary of key parameters 
Metered Consumption Applicant Evaluator 
As-built gas usage (therms) N/A 141,890* 

Production-normalized modeled as-built gas usage (therms) N/A 137,714 
Baseline Applicant Evaluator 
Efficiency 0.159 therm/kg 0.159 therm/kg 
Hourly production rate 180 kg/hr 185 kg/hr 
Annual operation hours 8,154 8,418 
As-built Applicant Evaluator 
Efficiency 0.085 therm/kg 0.089 therm/kg 
Hourly production rate Same as baseline Same as baseline 
Annual operation hours Same as baseline Same as baseline 
Savings 

  

Annual natural gas savings (therms) 109,680 111,939 
Natural gas realization rate 102% 

(*) Extrapolated for a full year based on metered consumption data for 6 months (from September 2020 to February 2021). 

N/A = Not applicable 

3.1 Explanation of differences 
The evaluated savings are more than the tracked savings, due to the incorrect applicant project characterization. Table 3-2 
provides a summary of the differences between tracking and evaluated values. 

Table 3-2. Summary of deviations 
End-
use Discrepancy Parameter 

Impact of 
Deviation Discussion of Deviations 

Process Operating 
efficiency 

Installed 
equipment 
efficiency 

-4% Decreased savings ‒ Based on the gas consumption data of the 
installed pulp molding machine, the evaluated installed equipment 
efficiency is 0.089 therm/kg instead of 0.085 therm/kg reported by the 
applicant. 

Process Hours of 
operation 

Annual 
operating 
hours 

+3% Increased savings ‒ Based on the reported days of operation of the 
installed pulp molding machine, the evaluators estimated annual 
operating hours of 8,418 (assuming 24-hour operation per day, which is 
verified based on the hourly production data provided by the site contact) 
hours more than 8,164 hours reported by the applicant. 

Process Operating 
load 

Hourly 
production 

+3% Increased savings – Based on the production data, the evaluated 
hourly production rate is 185 kg/hr more than 180 kg/hr reported by the 
applicant. 
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3.2 Lifetime savings 
Based on the on-site findings and recommendations provided by the BAG, the evaluator classified this measure as a lost 
opportunity with a unique baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑢𝑢𝑠𝑠𝑡𝑡𝑒𝑒𝑢𝑢 = 𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑢𝑢𝑠𝑠𝑡𝑡𝑒𝑒𝑢𝑢  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑢𝑢𝑠𝑠𝑡𝑡𝑒𝑒𝑢𝑢 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑢𝑢𝑠𝑠𝑡𝑡𝑒𝑒𝑢𝑢 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑢𝑢𝑠𝑠𝑡𝑡𝑒𝑒𝑢𝑢)]  

where: 

𝐿𝐿𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑢𝑢𝑠𝑠𝑡𝑡𝑒𝑒𝑢𝑢   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑢𝑢𝑠𝑠𝑡𝑡𝑒𝑒𝑢𝑢   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑢𝑢𝑠𝑠𝑡𝑡𝑒𝑒𝑢𝑢 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑢𝑢𝑠𝑠𝑡𝑡𝑒𝑒𝑢𝑢   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑢𝑢𝑠𝑠𝑡𝑡𝑒𝑒𝑢𝑢 (years) 

OYF = 100% for this single baseline measure. 

The evaluated lifetime savings are greater than the tracking lifetime savings because the evaluated first year savings are 
greater than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-3. Measure MA19P00003653 - Lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 1,645,200 1,455,207 N/A 
First year savings (therms) 109,680 111,939 +2% 
Measure lifetime (years) 15 13 -13.5% 
Measure life reference Tracking Project BCR N/A 
Measure event type New construction Lost opportunity N/A 
Baseline classification Single – ISP Single – unique N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A N/A N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
The PA claimed 412,776 kWh/yr of electric energy savings through the electric track of the custom program. The evaluators 
did not find further ancillary impacts beyond the electric savings reported as part of the same project. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at a university campus and consisted of installing fitted insulation jackets and insulation 
on various pipes, fittings, valves, and other heating equipment. The project was installed on the campus-wide steam 
distribution tunnels and leads into mechanical rooms for all buildings, which are all unconditioned spaces. The applicant 
calculated the measure savings due to the reduction in heat loss between bare and insulation pipes and fittings. 

The applicant classified the measure as a retrofit with a single baseline and used 3EPlus to model the heat loss impacts due 
to the measure installation. The evaluator interviewed the site contact to gather details on the pandemic impact on the 
heating plant at the site. The site contact indicated the heating plant operates normally and its operation during the metering 
period is typical. Based on the information gathered during the initial interview, the evaluator determined the site will be 
evaluated using the Base + Add-on #3 (standard evaluation – M&V). Based on the project files and discussion with the site 
contact, the evaluators determined this measure is an add-on with a single baseline as the installed measure life is less than 
2/3 of the life of the underlying steam distribution system (boilers). The baseline is bare, uninsulated pipe and fittings. The 
evaluator calculated the measure impacts using 3EPlus. The evaluated savings were less than the tracking estimates due to 
the difference in calculated heat loss, which is attributed to the difference in measured temperature based on metered data. 
The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 
Measure Life 

(years) 

Lifetime 
Savings 
(Therms) 

MA19P00004766 Pipe and fittings 
insulation 

Tracked 146,650 15 2,199,750 
Evaluated 101,789 15 1,526,835 
Realization rate 69% 100% 69% 

1.1 Explanation of deviations from tracking 
The evaluated savings are 31% less than the applicant-reported savings primarily due to the difference in simulated heat 
loss using measured on-site parameters. Other deviations leading to a reduction in savings includes a difference in annual 
operating hours, boiler efficiency, and surface area of components. Further details regarding deviations from the tracked 
savings are presented in Section 3-1. 

1.2 Recommendations for program designers and implementers 
There are no recommendations currently. 

1.3 Customer alert 
There are no customer alerts for this project. 

2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the installation of fitted insulation jackets and insulation for bare pipe, fittings, valves, and other 
heating equipment. 
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2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. The applicant utilized 3EPlus simulations using on-
site findings and assumptions to determine bare and uninsulated heat loss values for all insulated applications. Project 
savings were primarily based upon the reduction in heat loss between bare and insulated applications. 

2.2 Applicant description of baseline 
The applicant classified the measure as a retrofit with a single baseline with pre-existing conditions as the baseline. 
According to the savings analysis files provided by the applicant, the baseline is bare, uninsulated pipe and fittings exposed 
to an indoor temperature of 85 °F. The baseline steam system consisted of the main steam generation plant operating year-
round except for maintenance shutdowns with an assumed efficiency of 80%.  

2.2.1 Applicant description of installed equipment and operation 
A vendor conducted a scoping audit in which they identified uninsulated pipes and fittings that were allowing excess heat to 
escape to unconditioned mechanical spaces throughout the main boiler room and underground. The vendor took surface 
temperature readings of the uninsulated surfaces, collected surface areas, and determined hours of operation for each 
system. Per the application documents, the vendor identified approximately 2,863 ft.2 equivalent of the distribution system 
totalling all hot surfaces that needed insulation. This information was compiled into an inventory along with the cost data and 
heat loss rates calculated using the 3EPlus energy modelling software. Insulation thicknesses of 10mm, 15mm, 1”, 1”+5mm, 
and 1.5” were used in the installed case for various parts. 

2.2.2 Applicant energy savings algorithm 
The applicant calculated savings using a custom analysis spreadsheet aided by the 3EPlus modelling software to establish 
bare and insulated surface heat loss rates. The insulation energy savings are calculated for each insulated application using 
the following formula: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 × (𝐻𝐻𝐻𝐻𝐻𝐻 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝐻𝐻𝐻𝐻𝐻𝐻𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖) × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆

100,000 × 𝐸𝐸𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝑓𝑓𝑖𝑖𝑏𝑏𝑏𝑏
 

where, 
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  = Annual energy savings per year (therms) 
𝑆𝑆𝑆𝑆𝐸𝐸𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑆𝑆  = Surface area of insulated fitting (ft2) 
𝐻𝐻𝐻𝐻𝐻𝐻𝑏𝑏𝑏𝑏𝐻𝐻𝑏𝑏  = Heat loss rate of bare pipe (Btu/hr/ft2) calculated using 3EPlus 
𝐻𝐻𝐻𝐻𝐻𝐻𝑓𝑓𝑓𝑓𝑆𝑆𝐻𝐻𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 = Heat loss rate of insulated pipe (Btu/hr/ft2), calculated using 3E Plus 
𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆  = Number of hours per year the pipe or fitting is energized 
100,000  = BTU to Therm conversion rate 
𝐸𝐸𝐸𝐸𝐸𝐸𝑏𝑏𝐻𝐻𝑓𝑓𝑖𝑖𝑏𝑏𝐻𝐻 = Boiler efficiency (80%) 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The applicant used 3EPlus simulations based on site assumptions to determine heat loss values for bare and insulated 
fittings. The applicant 3EPlus values for bare and insulated heat loss were found to be calculated using non-default settings 
in the software. The default calculation type of “heat loss per hour” outputs proper heat loss units dependent upon the inputs 
given (BTU/hr/ft for lineal pipe and BTU/hr/ft2 for blanket applications). After performing some calculation checks, the 
evaluators were able to assume the applicant used “heat flow limitation” for the calculation type (although this could not be 
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confirmed as 3EPlus screenshots were not provided in the application data) for the indoor applications. This calculation type 
results in BTU/hr/ft.2 as the default unit regardless of the application type. 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on March 15, 2021. During the site visit, the evaluators interviewed the facility pipe 
fitter and verified the installed insulation. A summary of the on-site verification is provided in Table 2-1. 

Table 2-1. Measure verification 
Measure Name Verification Method Verification Result 
Insulation Verify the insulation was 

installed per the application 
Insulation was installed for verified sample. Pressure gauges 
were observed when found and confirmed 100 psi operation.  

While on the visit, the evaluator met with one of the pipe fitters who has access to the steam tunnels throughout campus 
rather than the main contact who is the facilities manager. To randomly inspect a representative sample of locations 
impacted by the evaluated measure, the evaluator developed 12 unique usage groups based on operating temperature, pipe 
vs jacket application, and bare heat loss. These groups were color-coded in the applicant spreadsheet so insulation 
applications could be easily identified via tags installed at each impacted location. During the visit the evaluator was able to 
install high temperature thermocouple loggers on 11 sampled locations. The 11 loggers are a mix between single and dual 
channel loggers, where the dual channel meters were used to capture multiple applications, so some metered locations 
were doubled up with meters. All thermocouples were installed to the bare surface using thermal tape and thermal gloves. 
Each thermocouple was launched to also meter the ambient temperature of the space. Pressure gauges were noted along 
the tunnels, where most confirmed 100 psi steam was supplied. 

The site contact mentioned that they have a CHP, but it is located across the river and services the buildings over there, not 
the buildings and applications included in this measure application. For the buildings impacted by this measure, steam is 
generated from a central plant and distributed throughout 3.5 miles of steam tunnels to all buildings in the campus North of 
the river. Tunnels branch off to the mechanical rooms of each building. Insulation was replaced mostly within the tunnels, but 
also for some of the open fittings in the building mechanical room. There are three steam mains that in a typical year would 
all be running throughout campus from October to May the following year. In the summer months they typically throttle down 
one of the mains and rotate to meet demand, which is manually done at header locations throughout the tunnels. During this 
summer period the site will typically run two mains to ensure there is a backup for process load requirements but will rarely 
reduce to one if maintenance is needed.  

The steam leaves the CUP at 100 psi distributed through the 3.5 miles of tunnels. The other end of the tunnel will generally 
receive 90 psi steam at peak load, or as low as 70 psi. The tunnels branch off into the mechanical rooms for all the 
buildings. Here there are PRVs to throttle the pressure down to 15-40 psi to enter the mechanical rooms or a complex of 
buildings. There is also a condensate return line that is feeding back to the CUP.  

The evaluator was unable to collect historic combustion efficiency tests for the steam plant or perform tests while on-site. 
The pipe fitter that led the evaluator on the site visit did not have insight into previous tests, and the main contact did not 
respond to further inquiries on the subject. The evaluator was consistent with the application and used 80% efficiency in the 
evaluated analysis. 
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2.3.2 Measured and logged data 
The evaluator deployed 11 data loggers to characterize the operating profile for the steam applications from March 15, 2021 
to April 20, 2021. Table 2-2 presents the logger deployment details. 

Table 2-2. Data logger deployment details 
Data Logger Type Parameter Time Interval Duration Quantity 
HOBO single channel thermocouple logger Steam operating temperature 1 minute 5 weeks 7 
HOBO double channel thermocouple logger Steam operating temperature 1 minute 5 weeks 4 

A summary of the average metered temperature data per usage group is presented Table 2-3. For convenience, Table 2-3 
also shows the values associated with the same usage groups the applicant used to calculate the measure impacts. 

Table 2-3. Summary of metered temperature data 

Usage Group 
Evaluator Applicant 

Average Operating 
Temperature (°F) 

Average Ambient 
Temperature (°F) 

Operating 
Temperature (°F) 

Ambient 
Temperature (°F) 

1 (1 metered point) 133 119 180 85 
2 (1 metered point) 333 109 239 85 
3 (3 metered points) 130 109 239 85 
4 N.D. N.D. 239 85 
5 (1 metered points) 292 114 239 85 
6 N.D. N.D. 239 85 
7 (2 metered points) 303 130 338 85 
8 N.D. N.D. 338 85 
9 (2 metered points) 212 76 338 85 
10 (1 metered point) 128 133 338 85 
11 (1 metered point) 131 98 338 85 
12 (1 metered point) 124 128 338 85 

N.D. = no data (the evaluator did not meter those usage groups) 
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The evaluator ambient temperature is an average of all metered ambient temperature. The evaluator operating temperature 
is an average of the operating temperature captured for the specified application group. All metered temperature values 
consistent during the metering period, as shown in Figure 2-1 below. 

Figure 2-1. Gate valve mechanical room – usage group 2 -metered temperature

 
The metered locations that are showing less than normal operating temperatures are those that have been throttled off in 
rotation as mentioned in section 2.3.1. The evaluation period was not able to capture the rotation however within the short 
metering period, so these temperature values were not used when simulating heat loss, nor were they used to determine 
annual operating hours. The site contact mentioned the assumed 8,760 operating used in the application is not correct due 
to the changeover of mains and is overestimated. The evaluator estimated that a 90% factor should be applied, which is 
estimated by considering 1 of the 3 mains are rotated off for 1/3 of the year in the summer session (4 months: June-
September). Taking the product of 1/3 and 1/3 roughly equates to a 10% reduction. This factor was applied to the 8,760 
hours to estimate annual use for the plant, which equates to 7,884 hours per year. It is noted that during the evaluation 
which took place in March there was at least one main off already. This could be attributed to two factors: warmer weather in 
the colder season than usual especially in the Spring months, or less demand since the student population was lower in the 
2019-2020 school year. Although this is irregular, the site contact stated the Oct-May procedure where three mains are run 
is typical for a year. With this information the evaluator applied the reduction to the applicant hours as 8,760 annual hours 
used was confirmed to be overestimated. 
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The evaluator averaged temperatures for each usage group, and then averaged those groups into the three temperature 
groups used by the applicant. These temperatures are what were used in 3EPlus simulations. The results are presented in 
Table 2-4 below. 

Table 2-4. 3EPlus application temperature 

Application Group Evaluation 
Temperature (°F) 

Application 
Temperature (°F) 

Evaluation Ambient 
Temperature (°F) 

Applicant Ambient 
Temperature (°F) 

1 133 180 119 85 
2 292 239 110 85 
3 292 239 110 85 
4 292 239 110 85 
5 292 239 110 85 
6 292 239 110 85 
7 318 338 113 85 
8 318 338 113 85 
9 318 338 113 85 
10 318 338 113 85 
11 318 338 113 85 
12 318 338 113 85 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator reviewed the project files and interviewed the site contact to gather information on the baseline. The evaluator 
determined the measure is an add on retrofit with a single baseline measure. The baseline is single because the pipe 
insulation measure life is 15 years and is less than 2/3 the heating equipment system measure life (25 years). The baseline 
consists of bare uninsulated pipe and fittings. Since the evaluator could not obtain historic combustion efficiency tests or 
perform any, the applicant heating efficiency plant of 80% was used. 

2.4.2 Evaluation calculation method 
The evaluator modelled energy savings using 3EPlus simulations to determine bare and insulated heat loss values for each 
unique application using the input parameters from the vendor scoping audit. These parameters included pipe size, 
operating temperature, ambient temperature, and insulation thickness. 

In 3EPlus the default calculation type of “heat loss per hours” was used for all applications. Under the system application 
drop down, “pipe – horizontal” was used for all straight pipe applications and “tank shell – horizontal” was used for fitting 
applications. For material selection, “850F Mineral Fiber PIPE, Type 1” was used for straight pipe applications and “850 MF 
BLANKET, Type IV” was used for fitting applications. An example of a 3EPlus output is shown below in Figure 2-2 and 
Figure 2-3 for pipe and fitting applications respectively. 
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Figure 2-2. 3EPlus example – pipe application 

  
 
Figure 2-3. 3EPlus example - fitting application 

  
For analysis calculations, the evaluator used the correct system geometry when calculating savings. For straight pipe 
applications, lineal feet of the pipe was used and for fittings, surface area was used, to be able to cancel out the units for 
bare and insulated heat loss. This led to a small discrepancy in the evaluated savings as the applicant calculated surface 
area for all applications. However, performing some spot calculations, the evaluator found that surface area calculated for 
the pipes was incorrect. Using the equation 2 × 𝜋𝜋 × 𝐷𝐷

2
× 𝐻𝐻, where D is the diameter of the pipe and L is the length of the pipe 

yielded slightly different values. 
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The evaluated savings for the insulation measure were calculated for each unique insulated application using the following 
formula: 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑄𝑄𝑓𝑓𝑄𝑄 × �𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓� × (𝐻𝐻𝐻𝐻𝐻𝐻 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 − 𝐻𝐻𝐻𝐻𝐻𝐻𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖) × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆 𝑥𝑥 𝐻𝐻𝐻𝐻𝐻𝐻

100,000 × 𝜂𝜂  

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  = Annual energy savings per year (ccf) 

𝑆𝑆𝑆𝑆𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓  = Surface area of fitting being insulated (ft2) 

𝐻𝐻𝐻𝐻𝐻𝐻𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 = Heat loss rate of bare pipe (Btu/hr/ft2), calculated using 3EPlus 

𝐻𝐻𝐻𝐻𝐻𝐻𝑓𝑓𝑓𝑓𝑖𝑖𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 = Heat loss rate of insulated pipe (Btu/hr/ft2), calculated using 3EPlus 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆  = ‘Hot’ hours of operation 

100,000  = Therms per Btu conversion 

𝜂𝜂  = Boiler combustion efficiency 
𝐻𝐻𝐻𝐻𝐻𝐻  = Heating usefulness factor, 100% 
 

2.4.3 Cross-check with utility billing data 
Sufficient billing data was not provided to give proper insight into measure level impacts on overall site consumption.  
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3 FINAL RESULTS 
The project consisted of the installation of fitted insulation jackets and insulation for pipes, fittings, valves, and other heating 
equipment. The evaluator classified the measure as an add-on with pre-existing conditions as its single baseline. The 
evaluator used 3EPlus simulations for bare and insulated applications. The evaluated savings are less than the reported 
values. The parameters impacting the analysis are summarized below in Table 3-1. 

Table 3-1. Summary of key parameters 
As-Built Applicant Evaluator 
Ambient temperature (°F) 85 110, 113, 119 
Operating temperature (°F) 180, 239, 338 180, 292, 318 
Annual operating hours 8,760 7,884 
Boiler efficiency 80% 80% 
Savings   
Annual natural gas savings (therms) 146,650 101,789 
Natural gas realization rate 69% 

3.1 Explanation of differences 
The evaluated savings are less than the tracked savings, primarily due to the difference in temperature differential between 
heated pipe and ambient air. Other factors that also contributed to decreased savings were a decrease in annual operating 
hours, an increase in boiler efficiency and a decrease in surface area for the pipe insulation. Table 3-2 provides a summary 
of the differences between tracking and evaluated values. 

Table 3-2. Summary of deviations 
End-
use Discrepancy Parameter 

Impact of 
Deviation Discussion of Deviations 

HVAC Pre-project errors 
(inputs or calculations) 

Heat loss -21% Decreased savings ‒ due to the difference in 
calculated bare and insulated heat loss based on 
metered ambient and operating temperatures using 
3EPlus. 

HVAC Pre-project errors 
(inputs or calculations) 

Annual 
operating hours 

-8% Decreased savings – due to the reduction in annual 
operating hours. 

HVAC Analysis methodology Heat loss 
model for linear 
pipe 

-2% Decreased savings – due to the change in 
methodology where the evaluator updated the 
geometry of the component to be linear feet for pipes 
and square feet for fittings. 

3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as an add-on with a 
single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐻𝐻𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 = 𝐻𝐻𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖  × [ 𝐻𝐻𝐻𝐻𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 +  OYF ×  (𝐸𝐸𝐻𝐻𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 − 𝐻𝐻𝐻𝐻𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖)]  

where: 

𝐻𝐻𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖   = evaluated lifetime savings (therm) 

𝐻𝐻𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖   = evaluated first year savings (therm) 
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𝐸𝐸𝐻𝐻𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 = evaluated measure life (years) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖   = 1/3 of 𝐸𝐸𝐻𝐻𝐻𝐻𝐸𝐸𝐸𝐸𝑏𝑏𝑖𝑖𝑖𝑖𝑏𝑏𝑓𝑓𝑏𝑏𝑖𝑖 (years) 

OYF = 100% for this single-baseline measures 

The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 
smaller than the tracking first year savings. The table below provide a summary of key factors that influence the lifetime 
savings. 

Table 3-3. Measure MA19P00004766 - Lifetime savings summary 
Factor Tracking Evaluator Impact of deviation 
Lifetime savings (therms) 2,199,750 1,526,835 -31% 
First year savings (therms) 146,650 101,789 -31% 
Measure lifetime (years) 15 15 0% 
Measure life reference Tracking MA TRM for insulation N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts associated with this measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at an elementary school and consisted of the installation a new energy management 
system (EMS) along with the following components: 

• New demand-controlled ventilation (DCV) sequence of operation on 2 air handling units (AHUs) serving the 
gymnasium area and 24 unit ventilators serving the classroom areas, 

• New operating schedules for the general exhaust fans to reduce the infiltration rate at the facility during unoccupied 
hours. 

The facility’s heating system consists of one 2,500 MBH gas-fired boiler that provides only space heating. The heating 
season at the facility is from September through May. The measure saves energy because it reduced the ventilation and 
infiltration rate to the facility and thus, reduced the heating load to condition outside air not required in the facility. 

Based on the conversation with the implementation vendor, the occupancy at the facility was impacted by the pandemic and 
the EMS measure and the components installed along with the project can be verified remotely. Due to those factors, the 
site was evaluated using Base (remote verification + updates on non-operational parameters only) method. 

The applicant classified the installed measure as a retrofit with the preexisting conditions as the baseline and calculated the 
project impacts using a spreadsheet-based analysis. Based on the discussion with the implementation vendor and the 
review of the project files, the evaluator classified the measure as add-on with the preexisting conditions as the single 
baseline. The measure has a single baseline because the life of the installed measure (10 years) is less than 2/3 of the life 
of the impacted heating system (25 years). The evaluators calculated the project savings using the same methodology as 
the applicant. All non-operational input parameters matched the applicant value. The evaluated savings were the same as 
the reported tracking value. The project realization rate (RR) is 100%. The evaluation results are presented in Table 1-1.  

Table 1-1. Evaluation results summary 

PA Application ID 
Measure 
Name  

Savings 
(Therms/yr) 

Measure 
Life 

(years) 

Lifetime 
Savings 
(Therms) 

688AD496050A436D91AC5D6F16780F95 New EMS Tracked 8,993 10 89,930 

Evaluated 8,993 10 89,930 
Realization rate 100% N/A 100% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluators verified that all non-operational parameters (measure baseline, calculation methodology, technology, and 
quantity) associated with the install measure are the same as the applicant’s values. The evaluators did not update the 
operational input parameters which included outside air flow provided to the impacted spaces, exhaust air fans operating 
schedules, space temperature setpoint, and boiler efficiency in the evaluated savings analysis. The evaluated savings are 
the same as the applicant-reported savings. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 



 
Page 3 of 14 
 

DNV  –  www.dnv.com August 23, 2021 Page 3 
 

1.3 Customer alert 
There is no customer alert at this time. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the installation of an EMS at an elementary school along with the following components:  

• New DCV control for 2 AHUs serving the gymnasium area and 24 unit ventilators serving the classroom areas, 

• New operating schedule for the general exhaust fans. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
The applicant classified the project as a retrofit with the preexisting condition as the baseline. The applicant baseline 
condition consisted of the following:  

• There was no preexisting EMS at the facility. 

• There were no DCV controls for the AHUs serving the gymnasium area and the unit ventilators serving the 
classrooms. 

• The general exhaust air fans operated on a 24/7 schedule, thus keeping the same air change rate at the facility 
throughout the day. 

Table 2-1 presents the main parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Classroom outside air flow 12,125 cfm 
Classroom space temperature setpoint 68°F 
Classroom – heating hours 2,921 hours 
Gymnasium outside air flow 5,000 cfm 
Gymnasium space temperature setpoint 68°F 
Gymnasium – heating hours 2,341 hours 
Occupied facility air change rate  1.16 ACH 
Unoccupied facility air change rate 1.16 ACH 
Facility total area 35,843 ft2 
Exhaust air fans operating hours 8,760 hours 
Boiler efficiency 80% 

2.2.1 Applicant description of installed equipment and operation 
The applicant installed condition consisted of a new EMS along with the following components:  

• DCV control for the AHUs serving the gymnasium area and the unit ventilators serving the classrooms  
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• The general exhaust air fans were scheduled to operate from 7 a.m. to 3 p.m. When the exhaust air fans are turned 
off, the applicant estimated that the building air change rate is reduced from 1.16 to 0.3 ACH.  

Table 2-2 presents the main parameters of the installed condition defined by the applicant.  

Table 2-2. Applicant installed condition summary 
Operation Description Value 
Classroom outside air flow 8,276 cfm 
Classroom space temperature setpoint 68°F 
Classroom – heating hours 2,921 hours 
Gymnasium outside air flow 3,823 cfm 
Gymnasium space temperature setpoint 68°F 
Gymnasium – heating hours 2,341 hours 
Occupied facility air change rate  1.16 ACH 
Unoccupied facility air change rate 0.3 ACH 
Facility total area 35,843 ft2 
Facility ceiling height 10 ft 
Hours in occupied facility air change rate 2,304 hours 
Hours in unoccupied facility air change rate 6,456 hours 
Boiler efficiency 80% 

2.2.2 Applicant energy savings algorithm 
The applicant calculated the project savings using a spreadsheet-based analysis.  

The applicant calculated the savings associated with the DCV control using the following formula:  

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐷𝐷𝐷𝐷𝐷𝐷 =  
∑ (𝑂𝑂𝑂𝑂𝑂𝑂𝑏𝑏 − 𝑂𝑂𝑂𝑂𝑂𝑂𝑎𝑎𝑏𝑏) × 1.08 × (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 − 𝑂𝑂𝑂𝑂𝑇𝑇)ℎ𝑜𝑜𝑜𝑜𝑜𝑜
1

100,000 × 𝐵𝐵𝐵𝐵𝑠𝑠𝐵𝐵𝑇𝑇𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒
 

where, 
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝐷𝐷𝐷𝐷𝐷𝐷 = savings associated with DCV control, therms 
ℎ𝐵𝐵𝑜𝑜𝐵𝐵 = hours in heating mode, 2,921 hours for classroom and 2,341 hours for gymnasium 
𝑂𝑂𝑂𝑂𝑂𝑂𝑏𝑏  = baseline outside air flow, 12,125 cfm for classroom and 5,000 cfm for gymnasium 
𝑂𝑂𝑂𝑂𝑂𝑂𝑏𝑏  = baseline outside air flow, 8,276 cfm for classroom and 3,823 cfm for gymnasium  
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇  = space temperature setpoint, 68ׄ°F 
𝑂𝑂𝑂𝑂𝑇𝑇   = outside air temperature  
1.08  = multiplication of air specific heat, air density and minutes per hour 
100,000  = conversion factor from btu to therm 
𝐵𝐵𝐵𝐵𝑠𝑠𝐵𝐵𝑇𝑇𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒 = boiler efficiency, 80% 

 
The applicant calculated the savings associated with new operating schedule for the exhaust air fans using the following 
formula:  

𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑒𝑒ℎ𝑎𝑎𝑜𝑜𝑎𝑎𝑎𝑎 =  
∑ (𝑂𝑂𝐴𝐴𝐴𝐴𝑏𝑏 − 𝑂𝑂𝐴𝐴𝐴𝐴𝑎𝑎𝑏𝑏) × 𝑂𝑂𝐵𝐵𝑇𝑇𝑠𝑠 × 𝐴𝐴𝑇𝑇𝑠𝑠𝑠𝑠ℎ𝑡𝑡 × 𝑠𝑠𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ℎ𝑇𝑇𝑠𝑠𝑡𝑡𝑎𝑎𝑎𝑎𝑜𝑜 × 𝑑𝑑𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜 × (𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 − 𝑂𝑂𝑂𝑂𝑇𝑇)ℎ𝑜𝑜𝑜𝑜𝑜𝑜
1

100,000 × 𝐵𝐵𝐵𝐵𝑠𝑠𝐵𝐵𝑇𝑇𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒
 

where, 
𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑒𝑒𝑒𝑒ℎ𝑎𝑎𝑜𝑜𝑎𝑎𝑎𝑎 = savings associated with new operating schedule for the exhaust air fans, therms 
𝑂𝑂𝐴𝐴𝐴𝐴𝑏𝑏 = baseline air change rate, 1.16 ACH 
𝑂𝑂𝐴𝐴𝐴𝐴𝑎𝑎𝑏𝑏 = proposed air change rate, 0.3 ACH 
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ℎ𝐵𝐵𝑜𝑜𝐵𝐵 = hours in unoccupied period at the facility, 6,456 hours 
𝑂𝑂𝐵𝐵𝑇𝑇𝑠𝑠 = facility’s total area, 35,843 ft2 
𝐴𝐴𝑇𝑇𝑠𝑠𝑠𝑠ℎ𝑡𝑡 = facility’s height, 10 ft 
𝑠𝑠𝑇𝑇𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 ℎ𝑇𝑇𝑠𝑠𝑡𝑡𝑎𝑎𝑎𝑎𝑜𝑜 = specific heat of air, 0.24 Btu/lb °F 
 
𝑑𝑑𝑇𝑇𝑠𝑠𝑠𝑠𝑠𝑠𝑡𝑡𝑑𝑑𝑎𝑎𝑎𝑎𝑜𝑜 = density of air, 0.0764 lb/ft3 
𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇  = space temperature setpoint, 68ׄ°F 
𝑂𝑂𝑂𝑂𝑇𝑇   = outside air temperature  
100,000  = conversion factor from btu to therm 
𝐵𝐵𝐵𝐵𝑠𝑠𝐵𝐵𝑇𝑇𝐵𝐵𝑒𝑒𝑒𝑒𝑒𝑒 = boiler efficiency, 80% 

Figure 2-1 and Figure 2-2 show a screenshot from the applicant savings calculations file. 

Figure 2-1. Applicant savings calculations 
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Figure 2-2. Applicant savings calculations 

 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
Overall, the evaluators found the applicant savings methodology appropriate. The applicant normalized the model with 
TMY3 weather data from Providence, Rhode Island, which is the closest weather station to the location of the facility. The 
evaluators calculated the savings using the same methodology as the applicant’s.  

2.3 Remote verification 
This section provides details on the tasks performed during the remote verification and the gathered data. Since the 
measure operation was impacted by the pandemic, Base (remote verification) approach was adopted for the evaluation.  

2.3.1 Summary of on-site findings 
The evaluators attempted to contact the site visit but were not able to receive any responses. The evaluators reached out 
and interviewed the implementation vendor who was involved with the implementation of the project. During the verification, 
the evaluators:  

• Interviewed the implementation vendor and verified that the project was installed and operating as intended  

• Obtained EMS screenshots of the AHUs serving the gymnasium and the unit ventilators serving the classrooms  

• Obtained EMS screenshots of the general exhaust air fans and their operating schedule 

A summary of the remote verification is provided in Table 2-3. 

Table 2-3. Measure verification 
Measure Name Verification Method Verification Result 
New EMS installation Interview with the implementation 

vendor and EMS screenshot 
The project was installed and operating as intended  
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Photos 2-1 to 2-3 present the installed measure. 

Photo 2-1. One AHU serving the gymnasium  
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Photo 2-2. One unit ventilator serving the gymnasium 

 

Photos 2-1 and 2-2 above show that CO2 sensors were installed on the units serving the impacted spaces. 
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Photo 2-3. Exhaust air fans’ operating schedule 

  
Photo 2-3 above shows the operating schedule implemented on the general exhaust air fans. The as-built operating 
schedule shows that the exhaust air fans are enabled from 6 a.m. to around 4 p.m., which is different from the information 
included in the project documentation. Since this site was evaluated using Base option, the evaluators did not update the 
operating hours parameter of the exhaust air fans.  

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
Based on the project documentation and the findings from the interview with the implementation vendor, the evaluators 
determined the measure is an add-on with a single baseline. The measure baseline was the preexisting conditions as 
confirmed by the evaluators through discussions with the implementation vendor. Table 2-4 presents the evaluators’ 
baseline key input parameters. 
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Table 2-4. Evaluators’ baseline summary 
Operation Description Value 
Classroom outside air flow 12,125 cfm 
Classroom space temperature setpoint 68°F 
Classroom – heating hours 2,921 hours 
Gymnasium outside air flow 5,000 cfm 
Gymnasium space temperature setpoint 68°F 
Gymnasium – heating hours 2,341 hours 
Occupied facility air change rate 1.16 ACH 
Unoccupied facility air change rate 1.16 ACH 
Facility total area 35,843 ft2 
Exhaust air fans operating hours 8,760 hours 
Boiler efficiency 80% 

The evaluators verified that the applicant baseline matched the preexisting condition at the facility and used the same 
information in the evaluated baseline.  

2.4.2 Evaluation calculation method 
The evaluators calculated the project impacts using the same methodology as the applicant’s. The evaluators verified that 
the measure baseline, the number of impacted AHUs and unit ventilators are the same as the applicant’s values. The 
evaluators also verified that the as-built operating schedule was implemented on all general exhaust air fans. The evaluators 
did not update the operational input parameters which included operating hours, outside air flow, facility’s total air change 
rate, space temperature setpoint and boiler efficiency. The evaluated measure savings are 8,993 therms which are the same 
as the reported values.  

2.4.3 Cross-check with utility billing data 
The measure and site operation were impacted by the pandemic, therefore, the evaluators determined that billing analysis is 
not appropriate for this site. 

The evaluators conducted a comparison between the tracking savings and the facility’s annual natural gas consumption. 
Table 2-5 presents the average gas consumption data at the facility from 2017 through 2018. 
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Table 2-5. Natural gas billing data 2017-2018 – averaged monthly 
Month Natural Gas Consumption (Therms) 
January 3,612 
February 3,252 
March 3,774 
April 1,511 
May 416 
June 98 
July 31 
August 41 
September 67 
October 1,125 
November 2,922 
December 4,016 
TOTAL 20,864 

The reported tracking savings are 43% of the average annual gas consumption at the facility. The reported tracking savings 
are higher than the typical savings associated with this measure type. This is likely because the applicant overestimated the 
operational input parameters in the savings calculation. 
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3 FINAL RESULTS 
The project consisted of installing a new EMS system at the facility along with the following components:  

• DCV control for the AHUs and unit ventilators serving the gymnasium and classroom 

• New operating schedule for the general exhaust air fans 

The evaluators calculated the savings using the same methodology as the applicant’s. The parameters impacting the 
analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Baseline Applicant Evaluator 
Classroom outside air flow 12,125 cfm 
Classroom space temperature setpoint 68°F 
Classroom – heating hours 2,921 hours 
Gymnasium outside air flow 5,000 cfm 
Gymnasium space temperature setpoint 68°F 
Gymnasium – heating hours 2,341 hours 
Occupied facility air change rate 1.16 ACH 
Unoccupied facility air change rate 1.16 ACH 
Facility total area 35,843 ft2 
Exhaust air fans operating hours 8,760 hours 
Boiler efficiency  80% 
As-Built Applicant Evaluator 
Classroom outside air flow 12,125 cfm 
Classroom space temperature setpoint 68°F 
Classroom – heating hours 2,921 hours 
Gymnasium outside air flow 5,000 cfm 
Gymnasium space temperature setpoint 68°F 
Gymnasium – heating hours 2,341 hours 
Occupied facility air change rate 1.16 ACH 
Unoccupied facility air change rate 0.3 ACH 
Facility total area 35,843 ft2 
Exhaust air fans operating hours 8,760 hours 
Boiler efficiency  80% 
Savings 

  

Annual natural gas savings (therms) 8,993 8,993 
Natural gas realization rate 100% 

3.1 Explanation of differences 
The evaluators verified that the measure was installed, the measure baseline and the quantity of the AHUs and unit 
ventilators serving the gymnasium and classroom are the same as the applicant’s values. The evaluated savings are the 
same as the tracking values.  
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3.2 Lifetime savings 
Because the boilers will outlive the installed measures, the evaluators classified this measure as an add-on with a single 
baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝑜𝑜𝑎𝑎𝑎𝑎𝑒𝑒𝐸𝐸 = 𝑂𝑂𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝑜𝑜𝑎𝑎𝑎𝑎𝑒𝑒𝐸𝐸  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝑜𝑜𝑎𝑎𝑎𝑎𝑒𝑒𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝑜𝑜𝑎𝑎𝑎𝑎𝑒𝑒𝐸𝐸 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝑜𝑜𝑎𝑎𝑎𝑎𝑒𝑒𝐸𝐸)]  

where: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝑜𝑜𝑎𝑎𝑎𝑎𝑒𝑒𝐸𝐸   = evaluated lifetime savings (therm) 

𝑂𝑂𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝑜𝑜𝑎𝑎𝑎𝑎𝑒𝑒𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝑜𝑜𝑎𝑎𝑎𝑎𝑒𝑒𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝑜𝑜𝑎𝑎𝑎𝑎𝑒𝑒𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝑎𝑎𝐸𝐸𝑜𝑜𝑎𝑎𝑎𝑎𝑒𝑒𝐸𝐸 (years) 

OYF = 100% for single-baseline measures/ 90% for dual-baseline measures. This 
factor accounts for dual-baseline impacts. 

The evaluated lifetime savings are the same as the tracking lifetime savings because the evaluated first year savings are the 
same as the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-2. Measure 688AD496050A436D91AC5D6F16780F95 - Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 89,930 89,930 N/A 
First year savings (therms) 8,993 8,993 0% 
Measure lifetime (years) 10 10 0% 
Measure life reference Tracking MA TRM for EMS 

measure 
N/A 

Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operational N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
Because the school is not equipped with mechanical cooling systems, the evaluated project did not have an impact the 
electric energy use at the school. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The project consisted of replacing or repairing 74 preexisting steam traps that have failed in a number of buildings at a 
university campus. High pressure steam (90 psig) is produced at a central boiler plant and distributed via high pressure 
headers to the different buildings on campus. Typically, at each building, the high-pressure steam is converted to low/ 
medium pressure steam (6-50 psig). Steam is either distributed directly to the space heating equipment (such as radiators) , 
to steam-to-hot-water heat exchanger to produce hot water for space heating and domestic hot water (DHW), or supplied to 
other end-uses (autoclaves, kitchen, clothes-dryers). 

Space heating and DHW loads are a function of occupancy in each building. During the pandemic, the occupancy was 
significantly reduced, thereby impacting the operation of the steam distribution systems and, therefore, operation of the 
steam traps. Thus, the evaluators evaluated this site using Base + Add-on#1 - on site verification method and, in the savings 
calculations, the evaluators updated only non-operational parameters. The applicant classified the project as a retrofit with a 
single baseline. The applicant baseline was the preexisting condition of the repaired/replaced steam traps. 

Based on the on-site findings and the review of the project documentation, the evaluator classified the project as a retrofit 
with the preexisting conditions as the single baseline. The evaluator calculated the project savings using the same 
methodology as the applicant’s. All non-operational input parameters matched the applicant value. The evaluated savings 
were the same as the reported tracking value. The project realization rate (RR) is 100%. The evaluation results are 
presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA 
Application ID Measure Name  

Savings 
(Therms/yr) 

Measure Life 
(years) 

Lifetime Savings 
(Therms) 

9668132 Steam traps repair and 
replacement 

Tracked 14,870 6 89,220 
Evaluated 14,870 6 89,220 
Realization 
rate 

100% N/A 100% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluator verified that the measure baseline and quantity of the installed traps are the same as the applicant’s values. 
The evaluator did not update the operational input parameters which included operating hours, steam operating pressure 
and boiler efficiency in the evaluated savings analysis. The evaluated savings are the same as the applicant-reported 
savings. Further details regarding this are presented in Section 3-4. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no customer alerts for this project. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the repair and replacement of 74 failed steam traps at a university campus. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
According the savings analysis file provided by the applicant, the baseline was the preexisting condition of the 
repaired/replaced steam traps. The preexisting condition was determined based on the result of a steam trap survey 
conducted by a third-party vendor in March 2019. Table 2-1 presents the input parameters of the baseline as defined by the 
applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Number of failed steam traps 74 
Steam traps failed condition 28 traps blowing by; 46 traps leaking 
Steam operating pressure 3 traps at 6 psig 

68 traps at 10 psig 
3 traps at 90 psig 

Steam plant efficiency 80% 
Steam traps operating hours 53 traps at 1,700 hours per year 

21 traps at 5,100 hours per year 
Steam traps orifice size Ranging from 5/32” - 1/2” 

2.2.1 Applicant description of installed equipment and operation 
A steam trap survey was conducted in March 2019 and identified 74 traps which were later repaired/replaced in June 2019. 
The applicant’s installed case for this measure assumed that all the installed traps on-site are in good working condition. The 
trap operating pressure, hours of operation, and boiler efficiency used for the installed case matched those of the baseline 
configuration. 

2.2.2 Applicant energy savings algorithm 
The applicant calculated the measure impacts using the revised Custom Steam Trap Savings tool adopted by the PAs in 
2018 – following the completion of the Phase 2 Steam Trap Evaluation completed in March 2017. Figure 2-1 shows a 
screenshot from the applicant savings calculations file. 
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Figure 2-1. Applicant savings calculations 

 
Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The applicant correctly used the revised version of the Custom Steam Trap Savings tool, and the evaluator determined the 
application calculation methodology reasonable. The evaluator calculated the project savings using the same methodology 
as the applicant’s.  

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. Since the measure operation 
was heavily affected by the pandemic, Base + Add on #1 (on site verification) approach was adopted for the evaluation. The 
evaluator conducted an on-site visit to verify the installation of the project but did not install any metering equipment. 

2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on March 29, 2021. During the site visit, the evaluators:  

• Interviewed the facility manager to verify that the steam traps were installed. The quantity of the installed traps matched 
with the information included in the project documentation 

• Interviewed boiler plant staff to understand the operation of the boilers and the end-uses they serve. Boiler plant staff 
were able to produce the latest boiler combustion test slips 

• Verified (visual verification, temperature readings, pressure gauge readings, and ultrasonic detection) a sample of 12 
steam traps and verified that the installed steam traps are operating as intended. 

A summary of the on-site verification is provided in Table 2-2. 

Table 2-2. Measure Verification 
Measure Name Verification Method Verification Result 
Steam traps repair and 
replacement 

Visual inspection, ultrasonic and steam trap 
inlet/outlet temperature measurements inspection 
of 12 installed steam traps. 

The verified steam traps were installed 
and operating as intended 

During the interview, the site contact described the configuration setup of the heating system at the facility. High pressure 
steam (90 psig) is produced at a central boiler plant and distributed via high pressure headers to the different buildings on 
campus. Typically, at each building, the incoming steam at 90 psig is converted to low/medium pressures (6-50 psig). A very 
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small portion of this low/medium pressure steam is used for laboratory-autoclaves, kitchen, and clothes-drying equipment. 
The majority of low/medium steam is distributed directly to space heating equipment or to steam-to-hot-water heat 
exchanger to produce hot water for space heating and DHW. The impacted steam traps are on distribution lines that 
primarily serve space heating and DHW end uses. The boilers are operated the most between mid-October through mid-
May, when they are primarily on a 24/7 schedule. During warmer periods, the boilers are operated for a much lower duration 
of time. 
During the site visit, the evaluator sampled the impacted traps in three usage groups with a total of 12 traps. Table 2-3 
presents the sample groups and the sampled line item count in each usage group. The evaluator could not inspect the traps 
in all sample usage group due to the following reasons: 

• The site contact did not have access to spaces where different sample group steam traps were located. 
• The stream traps were not energized. 

Table 2-3. Steam traps measure sampling: summary 
Sampling Group Number of Traps Sampled Number of Traps Inspected 
1,700 hours – 6 psig 3 0 
1,700 hours – 6 psig 50 10 
5,100 hours – 10 psig 18 0 
5,100 hours – 90 psig 3 2 

During the site visit, the site contact told the evaluators that the measure operations were impacted by the pandemic 
situation.  

• The site contact also indicated that during the same summer (2019), new pipe insulation was applied across the 
campus by their own in-house maintenance team. 

During the site visit, the evaluators were not able to measure the combustion efficiency of the impacted steam boilers due to 
inaccessible stack ports. The site’s boiler plant staff were able to provide recent boiler combustion test slips to the evaluators 
for both boilers at different firing rates. 
The evaluators calculated a boiler efficiency value by averaging efficiency values on multiple combustion test slips. The 
calculated value was 85.6%. Since this is an operational parameter, the evaluator did not update this value in the evaluated 
savings calculation. Figure 2-2 shows a photo of a boiler combustion test slip provided by the maintenance staff. 

Figure 2-2. Boiler-2 combustion test slip 
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2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
Based on the project documentation and on-site findings, the evaluators determined the measure is a retrofit with a single 
baseline. The measure baseline was the preexisting conditions as confirmed by the evaluator through discussions with the 
site contact. Table 2-4 presents the evaluator’s baseline key input parameters. 

Table 2-4. Evaluator’s baseline summary 
Operation Description Value 
Number of failed steam traps 74 (same as applicant-reported) 
Steam traps failed condition 28 traps blowing by; 46 traps leaking (same as 

applicant-reported) 
Steam operating pressure 3 traps at 6 psig  

68 traps at 10 psig  
3 traps at 90 psig  

(same as applicant-reported) 
Steam plant efficiency 80% (same as applicant-reported) 
Steam traps operating hours 53 traps at 1,700 hours per year  

21 traps at 5,100 hours per year  
(same as applicant-reported) 

Steam traps orifice size Ranging from 5/32” - 1/2” 
(same as applicant-reported) 

2.4.2 Evaluation calculation method 
The evaluator calculated the savings using the same methodology as the applicant’s with updated input parameters. The 
custom savings equation developed through the reference study is described below. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = �60 ×
𝜋𝜋
4𝐷𝐷

2 × (𝑃𝑃 + 14.7)0.97� ×
𝐿𝐿𝐿𝐿 × 𝐶𝐶𝐷𝐷 × (ℎ𝑔𝑔 − ℎ𝑓𝑓) × 𝐶𝐶𝐶𝐶 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆

100,000 × 𝜂𝜂  

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  = Annual energy savings per year (therms) 

60  = Empirically derived factor in Grashof equation (lbm/(in0.06-lb0.97-hr)) 

𝐷𝐷  = Diameter of steam trap orifice (inches) 

𝑃𝑃  = Pressure of steam in line at trap (psig); add 14.7 to get psia 

0.97  = Empirically derived factor in Grashof equation 

 𝐿𝐿𝐿𝐿 = Leak factor is determined through field testing and accounts for partially obstructed orifices or 
non-ideal steam flow. Plugged traps use a value of 0% (i.e. no savings result from fixing a 
plugged trap), leaking traps use a value of 26% and blowing by traps use a value of 55%.    

𝐶𝐶𝐷𝐷  = Discharge coefficient (70%) due to trap hole not being a perfect orifice 

ℎ𝑔𝑔,ℎ𝑓𝑓 = Enthalpy of saturated steam and liquid, respectively; associated with specified trap operating 
pressure (Btu/lb) 
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𝐶𝐶𝐶𝐶 = Condensate return factor accounting for energy returned from leaking/blowing by traps via a 
condensate return line. (36.3%) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆  = Hours per year that a trap is pressurized and operating 

100,000  = Therms per Btu conversion 

𝜂𝜂  = Boiler plant efficiency 

The evaluator verified that the measure baseline and quantity of the installed traps are the same as the applicant’s values. 
The evaluator did not update the operational input parameters which included operating hours, steam operating pressure 
and boiler efficiency in the evaluated savings analysis. The evaluated measure impacts are 14,870 therms which are the 
same as the applicant’s measure impacts.  

2.4.3 Cross-check with utility billing data 
The evaluator gathered and reviewed billed natural gas usage from January 2016 through February 2020 to attempt to 
corroborate the evaluated savings for this project. On inspection of the billing data, the evaluators deemed the annual pre-
install consumption of 21,147 therms to be very low for this campus. The evaluators further calculated a natural gas heating 
end use intensity (EUI) of 0.476 kBtu/sq-ft based from pre-install billing data and building area. This EUI value is an order of 
magnitude less than the CBECS national average value of 46.41 kBtu/sq-ft for a college/university facility. Therefore, the 
evaluators concluded that the billing data provided by the utility is incomplete for this facility. In addition to incomplete data, 
the evaluators believed that the effect of repairing/replacing only 74 steam traps out of thousands of steam traps on campus, 
would a minor impact on the total gas consumption of the facility and determined that billing data analysis is not appropriate 
for verifying the evaluated savings for this project. 
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3 FINAL RESULTS 
The project consisted of the repair/replacement of 74 failed steam traps at the facility. The applicant calculated savings for 
the steam trap measure using the revised version of the Custom Steam Trap Savings tool with inputs from the completed 
steam trap survey conducted in 2018. The evaluator verified that the measure baseline and quantity of the installed traps are 
the same as the applicant’s values. The evaluator did not update the operational input parameters which included operating 
hours, steam operating pressure, and boiler efficiency in the evaluated savings analysis. The evaluated savings for the 
project were the same as the reported values. The parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of Key Parameters 
Baseline Applicant Evaluator 
Impacted system Boiler plant and steam distribution system with 74 failed steam traps 
Boiler plant efficiency 80% 80% 
Steam operating pressure 3 traps at 6 psig  

68 traps at 10 psig  
3 traps at 90 psig  

Steam trap operating hours 53 traps at 1,700 hours per year  
21 traps at 5,100 hours per year  

As-Built Applicant Evaluator 
Impacted system Boiler plant and steam distribution system 

with 74 repaired steam traps 
Boiler plant and steam distribution 

system with 74 repaired steam traps 
Boiler plant efficiency Same as applicant baseline Same as evaluator baseline 
Steam operating pressure Same as applicant baseline Same as evaluator baseline 
Steam trap operating hours Same as applicant baseline Same as evaluator baseline 
Savings Applicant Evaluator 
Annual natural gas savings (therms) 14,870 14,870 
Natural gas realization rate 100% 

3.1 Explanation of differences 
The evaluator verified that the measure baseline and quantity of the installed traps are the same as the applicant’s values. 
The evaluated savings are the same as the tracked savings. 

3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as a retrofit with a 
single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐿𝐿𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  × [ 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐿𝐿𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives  

𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (years) 
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OYF = 100% for this single-baseline measure. This factor accounts for dual-baseline 
impacts. 

The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 
smaller than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-2. Measure 9668132 - Lifetime Savings Summary 
Factor Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 89,220 89,220 N/A 
First year savings (therms) 14,870 14,870 0% 
Measure lifetime (years) 6 6 0% 
Measure life reference Tracking MA TRM for Steam Traps N/A 
Measure event type Retrofit Retrofit N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts from the evaluated measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at a high school facility and consisted of the installation of two 4,000 MBtuh gas-fired, 
condensing boilers that provide hot water for space heating and domestic hot water end uses. The measure savings were 
realized by operating the boilers on condensing mode at 94% efficiency compared to their baseline efficiency of 82%. The 
reported annual savings from this measure are 7,944.26 therms. 

The site contact confirmed that the measure operations are currently severely affected by the pandemic. The evaluators 
observed the post-installation operation period could be isolated, had a strong correlation with OAT, and was not impacted 
by the pandemic. Additionally, the site contact stated that the installed measure (boilers) were the only equipment on site to 
consume natural gas, and that there were no other gas-saving measures installed in the last five years. 

Based on information gathered from conversations with the site contact, and during the virtual site visit, the evaluators 
classified the measure as a lost opportunity with an ISP baseline. The evaluated ISP baseline is defined by IECC 2015 that 
requires 4,000 MBtuh gas-fired hot-water boilers operating at a minimum efficiency 82%, whereas the applicant used a new 
construction baseline with 85% efficient boilers. The evaluators used a modified Base + Add-on #2 (Billing Analysis) 
approach wherein they used billing data in conjunction with the applicant’s savings methodology to calculate evaluated 
savings. 

The evaluators calculated the savings using a similar approach as the applicant, but with an updated net facility heating load 
value from billing data, an updated baseline efficiency for ISP-rated equipment from IECC 2015, and an updated efficiency 
for as-built equipment, based on AHRI certificate. The evaluators used the billing analysis to corroborate the evaluated 
savings. 

The evaluated savings were 83% higher than the tracking estimates mainly because the evaluated load supplied by the 
boilers was greater than the applicant’s load and the evaluator’s baseline efficiency lower than the applicant’s. The 
evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA 
Application ID Measure Name  

Savings 
(Therms/yr) 

Measure Life 
(years) 

Lifetime Savings 
(Therms) 

8666075 Condensing 
boilers 

Tracked 7,944 25 198,600 
Evaluated 14,512 25 362,800 

Realization rate 183% N/A 183% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are 83% higher than the applicant-reported savings primarily due to the applicant’s inaccurate 
characterization of the facility net heating load use of higher baseline efficiency. The applicant also used a lower efficiency 
value for the installed equipment, when compared to the evaluator’s efficiency values. Further details regarding deviations 
from the tracked savings are presented in Section 3-4. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no customer alerts at this time. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the installation of two 4,000 MBtuh gas-fired, condensing boilers that provide hot water for space 
heating and DHW end uses. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
According to the savings analysis file provided by the applicant, the baseline boiler is 85% efficient. The applicant did not 
provide details on the source of baseline efficiency. Table 2-1 presents the main parameters of the baseline as defined by 
the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Annual boiler consumption (therms) 92,352 
Annual net heating load (therms) 78,499 
Boiler efficiency 85% 

2.2.1 Applicant description of installed equipment and operation 
The as-built boiler plant consists of two 4,000 MBtuh gas-fired, condensing boilers, operating at 93% efficiency, that provide 
hot water for space heating and DHW end uses. The applicant has assumed the same heating load at the facility as the 
baseline case. Table 2-2 presents the main parameters of the as-built equipment as defined by the applicant. 

Table 2-2. Applicant as-built summary 
Operation Description Value 
Annual boiler consumption (therms) 84,408 
Annual net heating load (therms) 78,499 
Boiler efficiency 93% 

2.2.2 Applicant energy savings algorithm 
The project documents include a spreadsheet calculation file in which the applicant estimated the facility annual net heating 
load and used it to calculate gas savings arising from the increase in boiler efficiency from baseline to proposed case. The 
applicant’s savings algorithm is outlined below: 

∆𝑄𝑄 =  𝑁𝑁𝑁𝑁𝑁𝑁 × � 
1

𝜂𝜂𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏
−

1
𝜂𝜂𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖

� 

where, 
∆𝑄𝑄  = annual energy savings (therms) 

𝑁𝑁𝑁𝑁𝑁𝑁 = annual net heating load for the facility (78,499 therms as estimated by the applicant) 

𝜂𝜂𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖  = installed case boiler efficiency (93%) 

 𝜂𝜂𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  = baseline case boiler efficiency (85%) 
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Figure 2-1 shows a screenshot from the applicant savings calculations file. 

Figure 2-1. Applicant savings calculations 

 
Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The applicant calculated the baseline natural gas consumption using a Trance TRACE model. The baseline model was not 
included in the submitted project files. However, the applicant included TRACE outputs in the project files. The evaluators 
observed that the baseline gas consumption values differed significantly between the submitted model outputs and the 
applicant’s analysis tool. Therefore, the evaluators concluded that the applicant did some further processing/calibration of 
the model output values to derive the analysis inputs. These calibration calculations were not part of the project files, and 
hence, the evaluators were not able to review them. Additionally, the applicant assumed a baseline boiler efficiency of 85%.  

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted a virtual site visit on March 5, 2021, via teleconferencing. During the site visit, the evaluators 
interviewed the facility contact and verified that the boilers were installed and operating. A summary of the on-site 
verification is provided in Table 2-3. 

Table 2-3. Measure verification 
Measure Name Verification Method Verification Result 
Condensing boilers Verify the condensing boilers are installed 

and operational 
Both the boilers were installed and were 
operational.  

During the site visit, the site contact confirmed that the boiler plant is the only equipment on site that consumes natural gas 
and has a single meter. The site contact described the preexisting boiler plant as follows: 
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• The preexisting boilers provided hot water for space heating and domestic hot water end uses. The heating season 
began in mid-September and often lasted till early-May. The DHW demand was year-round. 

• The preexisting boilers were installed in 1999 along with the construction of the school building. The boilers were Weil 
McLane sectional boilers. Poor installation and setup resulted in problems from the beginning. 

• The preexisting boilers and the HW distribution system failed frequently and required multiple repairs. 
• The preexisting boilers were barely working when the site decided to replace them in 2019. 

The as-built boiler plant operates as follows: 

• The new, as-built boilers operated like the preexisting boilers and provide hot water for the same end uses as the 
preexisting boilers. 

• The new boilers operate at a high efficiency (94.1%) and are controlled by a proprietary software. 

During the virtual verification visit, the site contact confirmed that the measure operations were heavily impacted by the 
pandemic situation.  

Additionally, the site contact confirmed that no other natural gas savings measures were installed at the site in the last five 
years. 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator reviewed the project files and interviewed the site contact to gather information on the baseline. The 
preexisting system had failed and was barely operational, leading to the installation of new boilers. Therefore, the evaluators 
determined this measure is a lost opportunity with a single baseline and the baseline is the industry standard practice (ISP) 
conditions. The baseline boilers met the same space heating and DHW loads as the installed boilers but operated at a lower 
efficiency (82%). The ISP baseline equipment efficiency is based on IECC 2015 Table C403.2.3(5) for non-condensing hot 
water boilers. Table 2-4 presents the main parameters of the baseline as defined by the evaluator. 

Table 2-4. Evaluator baseline summary 
Operation Description Value 
Annual boiler consumption (therms) 112,857 (higher than applicant-reported) 
Annual net heating load (therms) 92,543 (higher than applicant-reported) 
Boiler efficiency 82% (lower than applicant-reported) 

2.4.2 Evaluation calculation method 
Because the evaluated measure is a lost opportunity, the evaluators used a similar approach to the applicant to calculate the 
evaluated savings. However, the evaluators used weather normalized post-installation consumption to calculate the net 
heating load of the facility. Along with this, the evaluators used ISP baseline efficiency based on IECC 2015 and proposed 
efficiency based on the installed equipment’s AHRI certificate to calculate savings. The savings were then calculated due to 
the difference in efficiencies of baseline and installed equipment to meet the facility’s net heating load. 

The evaluators applied the following algorithm to calculate savings: 

∆𝑄𝑄 = 𝐵𝐵𝐵𝐵𝐶𝐶𝑝𝑝𝑝𝑝𝑏𝑏𝑖𝑖 × �
𝜂𝜂𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖
𝜂𝜂𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏

− 1� 

where, 
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∆𝑄𝑄  = annual energy savings (therms) 

𝐵𝐵𝐵𝐵𝐶𝐶𝑝𝑝𝑝𝑝𝑏𝑏𝑖𝑖  = annual, weather normalized, billed gas consumption post-installation (therms) 

𝜂𝜂𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑖𝑖  = installed case boiler efficiency (94.1%) from AHRI certificate 

𝜂𝜂𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏  = baseline (ISP) case boiler efficiency (82%) 

The evaluated annual savings are 14,512 therms and represent approximately 13% of the total annual pre-installation 
natural gas consumption. 

2.4.3 Cross-check with utility billing data 
The evaluators used billing analysis to cross-check the evaluated savings for this site due to the following factors:  

- The boilers are the only equipment at this facility to consume natural gas 

- The facility has not implemented any other natural gas savings project in the analyzed billing period 

- The tracking natural gas savings are greater than 10% of the pre-installation annual billed natural gas consumption 

The evaluators collected natural gas billing data and normalized the consumption to the TMY3 weather data of the closest 
weather station to the facility. Figure 2-4 compares the monthly billing data to the monthly heating degree days, which have 
55°F as base temperature, which is the expected base temperature for the evaluated facility type. 

Figure 2-2. Natural gas consumption from February 2016 to February 2020 

 

The evaluator included the natural gas consumption billed during the following periods: 

• February 10, 2016 to March 12, 2019 – pre-installation consumption 
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• June 9, 2019 to February 12, 2020 – as-built consumption 

The evaluator created pre- and post-implementation regressions, shown in Figure 2-5, and applied them to Boston-Logan 
TMY3 weather data to determine the modeled pre-installation and as-built weather-normalized gas consumptions. 

Figure 2-3. Pre-installation and as-built correlation with degree days 

 

The monthly billing analysis are presented in Table 2-6. 

y = 27.113483x + 294.995677
R² = 0.996132
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Table 2-5. Billing analysis results 

Month Days HDD-TMY3 
Weather Normalized -Pre-

Installation 
Weather Normalized – As-

Built Savings (therm) 
1 31 879 27,686 24,139 3,548 

2 28 670 21,364 18,467 2,896 

3 31 522 16,880 14,446 2,435 

4 30 266 9,155 7,517 1,639 

5 31 54 2,733 1,756 977 

6 30 11 1,439 596 0 

7 31 0 1,104 295 0 

8 31 0 1,106 296 0 

9 30 7 1,305 475 830 

10 31 127 4,931 3,728 1,203 

11 30 368 12,226 10,271 1,955 

12 31 593 19,016 16,361 2,654 

Total 365 3,497 118,945 98,345 18,137 

The weather-normalized post-project gas consumption of 98,345 therms/yr is lower than the weather-normalized pre-project 
consumption of 118,945 therms/yr, indicating that the project resulted in natural gas reduction of 18,137 therms/yr. The 
evaluators classified this measure as a lost opportunity with ISP baseline and, therefore, a billing analysis in not an 
applicable approach to calculate the impact of the evaluated measure. The billing analysis was conducted to cross-check 
the magnitude of the evaluated savings calculated using the engineering analysis. This billing analysis results corroborate 
the evaluated results. 
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3 FINAL RESULTS 
The project consisted of installing two 4,000 MBtu/h hot water boilers. The evaluators deemed the applicant’s savings 
calculation methodology to be appropriate however, the applicant underestimated the net heat load at the facility, 
overestimated the baseline boiler efficiency, and slightly underestimated the installed boiler efficiency. The evaluators 
calculated savings using a similar approach to the applicant, but with updated inputs, and corroborated them with a weather-
normalized billing analysis. The evaluated savings are higher than the reported, tracking values. The parameters impacting 
the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Billing Applicant Evaluator 
Weather-normalized modeled annual baseline gas usage 
(therms) 

N.D. 118,945 

Weather-normalized modeled annual as-built gas usage 
(therms) 

N.D. 98,345 

Billing analysis annual savings (therms) N.D. 18,137 
Baseline Applicant Evaluator 
Boiler rated input Boiler 1: 4000 MBtu/hr 

Boiler 2: 4000 MBtu/hr 
Boiler 1: 4000 MBtu/hr 
Boiler 2: 4000 MBtu/hr 

Annual boiler consumption (therms) 92,352 therms 112,857 therms (higher than 
applicant-reported) 

Annual net heating load (therms) 78,499 therms 92,543 therms (higher than 
applicant-reported) 

Boiler efficiency 85% 82% (lower than applicant-
reported) 

As-built Applicant Evaluator 
Boiler rated input Same as baseline 

Annual boiler consumption (therms) 84,408 therms 98,345 therms (higher than 
applicant-reported) 

Annual net heating load (therms) 78,499 therms 92,543 (higher than 
applicant-reported) 

Boiler efficiency 93% 94.1% (higher than 
applicant-reported) 

Savings 
  

Annual natural gas savings (therms) 7,499 14,512 
Natural gas realization rate 183% 

N.D. – no data 
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3.1 Explanation of differences 
The evaluated savings are higher than the tracked savings, because the applicant underestimated the net heat load at the 
facility, overestimated the baseline boiler efficiency, and slightly underestimated the installed boiler efficiency. Table 3-2 
provides a summary of the differences between tracking and evaluated values. 

Table 3-2. First-year savings - summary of deviations 

End-use Discrepancy Parameter 
Impact of 
Deviation Discussion of Deviations 

HVAC Baseline 
efficiency 

Baseline 
efficiency (ISP) 

+50% Increased savings ‒ The evaluators assumed an ISP 
baseline which includes boilers which are 82% 
efficient, in accordance with IECC 2015 Table 
C403.2.3(5) for non-condensing hot water boilers. The 
applicant assumed the baseline boilers to be 85% 
efficient. The evaluator’s lower baseline efficiency 
resulted in a significant increase in savings.  

HVAC Operating 
efficiency 

Proposed 
efficiency (AHRI) 

+17% Increased savings ‒ The evaluators used 94.1% 
efficiency value for the installed boilers, based on their 
AHRI certificate. The applicant used a slightly lower 
value of 93%. The evaluator’s higher as-built 
equipment efficiency resulted in an increase in 
savings. 

HVAC Operating load Net facility load +16% Increased savings ‒ The evaluators calculated the 
net facility heat load based on weather-normalized 
billing data. The evaluator’s value (92,543 therms) was 
higher than the applicant’s value (78,499 therms), 
resulting in an increase in savings. 

3.2 Lifetime savings 
The evaluators classified this measure as a lost opportunity with a single baseline. The evaluators calculated evaluated 
lifetime savings values using the following formula: 

𝑁𝑁𝐿𝐿𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝐸𝐸𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖 = 𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝐸𝐸𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖  × [ 𝑅𝑅𝑅𝑅𝑁𝑁𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝐸𝐸𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖 +  OYF ×  (𝐸𝐸𝑅𝑅𝑁𝑁𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝐸𝐸𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖 − 𝑅𝑅𝑅𝑅𝑁𝑁𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝐸𝐸𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖)]  

where: 

𝑁𝑁𝐿𝐿𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝐸𝐸𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝐸𝐸𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝑁𝑁𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝐸𝐸𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

𝑅𝑅𝑅𝑅𝑁𝑁𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝐸𝐸𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖   = 1/3 of 𝐸𝐸𝑅𝑅𝑁𝑁𝐸𝐸𝐸𝐸𝑏𝑏𝑏𝑏𝐸𝐸𝑏𝑏𝑖𝑖𝑏𝑏𝑖𝑖 (years) 

OYF = 100% for single-baseline measures/ 90% for dual-baseline measures. This 
factor accounts for dual-baseline impacts. 

The evaluated lifetime savings are higher than the tracking lifetime savings because the evaluated first year savings are 
smaller than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 
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Table 3-3. Measure 8666075 - Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 198,600 362,800 N/A 
First year savings (therms) 7,944 14,512 +83% 
Measure lifetime (years) 25 25 0% 
Measure life reference Tracking MA TRM for boiler N/A 
Measure event type New Construction Lost Opportunity N/A 
Baseline classification Single – pre-existing Single – ISP N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operating N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts associated with project. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project was installed at an elementary school and consisted of repairing or replacing 109 failed steam traps 
located on a steam distribution system. 5 psi steam is generated by a gas-fired steam boiler rated at 6,856 MBH with a rated 
efficiency of 81.5%. Steam is used for space heating and for domestic hot water (DHW). The applicant classified the project 
as a retrofit with a single baseline. The applicant baseline was the pre-existing condition of the repaired/replaced steam 
traps. 

Due to the pandemic, the occupancy at the school has reduced significantly and the maintenance staff modified the space 
temperature setback schedule to respond to the change in occupancy (set back space temperature to unoccupied setpoint 
at noon instead of 3:00 p.m. – per normal operation). Due to the pandemic, the municipality prohibits public access to the 
school. Thus, the evaluators evaluated this site using Base - remote verification method and, in the savings calculations, the 
evaluators updated only non-operational parameters. 

Based on the on-site findings and the review of the project documentation, the evaluator classified the project as a retrofit 
with the pre-existing conditions as the single baseline. The evaluator calculated the project savings using the same 
methodology as the applicants. All non-operational input parameters matched the applicant value. The evaluated savings 
were the same as the reported tracking value. The project realization rate (RR) is 100%. The evaluation results are 
presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA 
Application ID Measure Name  

Savings 
(Therms/yr) 

Measure Life 
(years) 

Lifetime Savings 
(Therms) 

10336147 Steam traps repair and 
replacement 

Tracked 14,183 6 85,098 
Evaluated 14,183 6 85,098 
Realization rate 100% N/A 100% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluator verified that all non-operational parameters (measure baseline, calculation methodology, technology, and 
quantity) associated with the installed traps are the same as the applicant’s values. The evaluator did not update the 
operational input parameters which included operating hours, steam operating pressure, and boiler efficiency in the 
evaluated savings analysis. The evaluated savings are the same as the applicant-reported savings. Further details regarding 
this are presented in Section 3-4. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no customer alerts for this project. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the repair and replacement of 109 failed steam traps at a school. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
According the savings analysis file provided by the applicant, the baseline was the pre-existing condition of the 
repaired/replaced steam traps. The pre-existing condition was determined based on the result of a steam trap survey 
conducted by a third-party vendor in March 2019. Table 2-1 presents the input parameters of the baseline as defined by the 
applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Number of failed steam traps 109 
Steam traps failed condition 13 traps blowing by, 93 traps leaking, 3 traps plugged 
Steam operating pressure 5 psi 
Steam plant efficiency 80% 
Steam traps operating hours 2190 hours 
Steam traps orifice size 75 traps - 1/4”, 32 traps – 5/16, 2 traps - 1/2” 

2.2.1 Applicant description of installed equipment and operation 
A steam trap survey was conducted in October 2019 and identified 109 traps which were later repaired/replaced in 
December 2019. The applicant’s installed case for this measure assumed that all the installed traps on-site are in good 
working condition. The trap operating pressure, hours of operation, and boiler efficiency used for the installed case matched 
those of the baseline configuration. 

2.2.2 Applicant energy savings algorithm 
The applicant calculated the measure impacts using the revised Custom Steam Trap Savings tool adopted by the PAs in 
2018 – following the completion of the Phase 2 Steam Trap Evaluation completed in March 2017. Figure 2-1 shows a 
screenshot from the applicant savings calculations file. 
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Figure 2-1. Applicant savings calculations 

 
Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The applicant correctly used the revised version of the Custom Steam Trap Savings tool, and the evaluator determined the 
application calculation methodology reasonable. The evaluator calculated the project savings using the same methodology 
as the applicant’s. 

2.3 Remote verification 
This section provides details on the tasks performed during the remote verification and the gathered data. Since the 
measure operation was heavily affected by the pandemic, Base (remote verification) approach was adopted for the 
evaluation. 

2.3.1 Summary of remote verification findings 
The evaluators interviewed the site contact on March 11, 2021. During the verification, the evaluators: 

• Interviewed the maintenance technician to verify that the steam traps were installed. The site contact indicated the 
information provided in the project documentation is accurate and the traps were repaired. 

• Interviewed the site contact to understand the operation of the steam boiler and the end-uses it serves. Due to the 
pandemic, the occupied period was reduced from 7:00 to 15:00 to 7:00 to 12:00 to respond to the reduced occupancy. 

A summary of the on-site verification is provided in Table 2-2. 

Table 2-2. Measure verification 
Measure Name Verification Method Verification Result 
Steam traps repair and 
replacement 

Interview with the site contact and 
photographs. 

The verified steam traps were installed and 
operating as intended 

During the interview, the site contact described the configuration setup of the heating system at the facility. The impacted 
steam traps are on distribution lines that primarily serve space heating and DHW end uses. The boilers are operated the 
most between October and April. 
Photos 2-1 to 2-3 present the boiler control panel of the steam boiler and a sample of traps repaired at the site. 

Steam Trap Repair/Replacement Custom Express Spreadsheet
Project Information: Customer Information:

Name of facility: YES
Address of facility: Customer Contact YES

Type of facility: School Phone YES
Survey Vendor: Steam Trap Systems Title YES

Vendor Contact: YES
Vendor Contact Email: Program Administrator: National Grid

Heated Square Footage of Building Served: Application #:
Number of Stories: Gas Account #: (Horizon to input) Total Traps Inspected 186

Number of Apartments, if Applicable: Total Traps Fixed 109
Date of steam trap survey: 10/8/2019 % of Traps Fixed 59%

Date of steam trap repair work: TBD Repaired Steam Traps 14,183                  Therms/yr
Replaced Steam Traps -                       Therms/yr

Existing Boiler System: Manufacturer & Model Quantity Burner Input (Btu/hr) Age Return Water (°F) Total Annual Savings 14,183                  Therms/yr
Primary boiler system, required information  Weil-McLain 2094 1 0 202 Annual Site Usage (Horizon to Input) Therms/yr

Secondary boiler system, if applicable  
Other boiler systems

Operating Pressure 5

Required Screening Inputs:
Primary end use for steam? Heating Annual Savings 14,183                  $/yr

Hours/year steam system is in operation 2,190 Total Cost 36,200                  $
Does the system return condensate to the DA tank? Yes Simple Payback 2.55                      Years

Annual site natural gas usage (therms/yr) (Horizon to Input)
Average Natural Gas Cost ($/Therm) $1.00

Trap Tag #
Trap Application

[Pick List]
Bldg / Floor / Room Trap Location, Elevation

Manufacturer
[Pick List]

Model
Type

[Pick List]
Pipe Diameter 

(in)

Orifice Diameter 
(in)

[Pick List]

Steam Pressure at 
Trap (psig)

Pressurized Hours of 
Operation (hrs/yr)

[Pick List]

Steam Trap Status
[Pick List]

Trap venting 
directly to 

atmosphere?

Repair/ 
Replace

[Pick List]

Repair/ 
Replacement 

Cost

Annual Natural 
Gas Savings 

(Therms/year)

3801 Drip Leg boiler room/basement above hot water heater/15' Barnes & Jones T-41 Float & Thermostatic 0.75" 5/16 5 2190 Blowing by No Repair 600$          306
3802 Drip Leg boiler room/basement above hot water heater/15' Barnes & Jones T-41 Float & Thermostatic 0.75" 5/16 5 2190 Fully Operational No 0
3803 Drip Leg boiler room/basement condensate tank/2' Hoffman FT015H Float & Thermostatic 2" 1/2 5 2190 Blowing by No Repair 1,000$       783
3804 Drip Leg boiler room/basement condensate tank/2' Hoffman FT015H Float & Thermostatic 2" 1/2 5 2190 Blowing by No Repair 1,000$       783
3805 Drip Leg boiler room/basement left of condensate tank/4' Barnes & Jones 122A Thermostatic 1/2" 1/4 5 2190 Leaking No Repair 200$          94
3806 Drip Leg boiler room/basement left of condensate tank/15' Armstrong 17c Thermostatic 1/2" 1/4 5 2190 Fully Operational 0
3807 Drip Leg boiler room/basement above boiler/15' Barnes & Jones FT2015-4 Float & Thermostatic 1" 5/16 5 2190 Fully Operational No 0
3808 Unit Heater room 300/3r floor unit heater on wall Barnes & Jones T-41 Float & Thermostatic 3/4" 5/16 5 2190 Fully Operational No 0
3809 Radiator room 300/3r floor rad on wall Barnes & Jones 134A Thermostatic 3/4" 1/4 5 2190 Leaking No Repair 200$          94
3810 Radiator room 300 office/3rd floor rad on wall Barnes & Jones 122A Thermostatic 1/2" 1/4 5 2190 Leaking No Repair 200$          94
3811 Unit Heater room 301 unit heater on wall Barnes & Jones T-41 Float & Thermostatic 3/4" 5/16 5 2190 Fully Operational No 0
3812 Radiator room 301 rad on wall Barnes & Jones 134A Thermostatic 3/4" 1/4 5 2190 Leaking No Repair 200$          94
3813 Radiator hall right of 302 rad on wall Barnes & Jones 122A Thermostatic 1/2" 1/4 5 2190 Not In Service No 0
3814 Unit Heater room 302 unit heater on wall Barnes & Jones T-41 Float & Thermostatic 1/3" 5/16 5 2190 Fully Operational No 0
3815 Radiator room 302 rad on wall Barnes & Jones 134A Thermostatic 3/4" 1/4 5 2190 Leaking No Repair 200$          94
3816 Radiator 300A/ 3rd floor rad in projector room Barnes & Jones 134A Thermostatic 1/2" 1/4 5 2190 Leaking No Repair 200$          94
3817 Unit Heater room 303/3rd floor unit heater on wall Barnes & Jones T-41 Float & Thermostatic 3/4" 5/16 5 2190 Fully Operational No 0
3818 Radiator room 303/3rd floor rad on wall Barnes & Jones 122A Thermostatic 1/2" 1/4 5 2190 Leaking No Repair 200$          94
3819 Unit Heater room 304/3rd floor unit heater on wall Barnes & Jones T-41 Float & Thermostatic 3/4" 5/16 5 2190 Leaking No Repair 600$          147
3820 Radiator room 304/3rd floor rad on wall Barnes & Jones 122A Thermostatic 1/2" 1/4 5 2190 Not In Service No 0
3821 Radiator room 305/3rd floor rad on right wall Barnes & Jones 122A Thermostatic 1/2" 1/4 5 2190 Leaking No Repair 200$          94

Input Completion Checklist

Annual Boiler Hour Entry
Identified Main Steam End Use

Average Gas Cost Entered

(Horizon to input)

Annual Billed Natural Gas Usage Entered
(Horizon to input)
(Horizon to input)

Estimated Annual Savings Summary

Steam Trap Savings -
% of Billed Usage

Savings higher than the 
expected range (20% of 

annual site usage)

Simple Payback Summary

Condensate Return Described
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Photo 2-1. Facility’s steam boiler control panel 

 

Photo 2-2. Repaired steam traps (outside room 109) – 3990 drip leg and 3991 radiator 
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Photo 2-3. Repaired steam trap (across room 104/1st floor) – drip leg 
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2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
Based on the project documentation and on-site findings, the evaluators determined the measure is a retrofit with a single 
baseline. The measure baseline was the pre-existing conditions as confirmed by the evaluator through discussions with the 
site contact. Table 2-4 presents the evaluator’s baseline key input parameters. 

Table 2-3. Evaluator’s baseline summary 
Operation Description Value 
Number of failed steam traps 109 (same as the applicant reported) 
Steam traps failed condition 13 traps blowing by, 93 traps leaking, 3 traps plugged (same as the applicant reported) 
Steam operating pressure 5 psi (same as the applicant reported) 
Steam plant efficiency 80% (same as the applicant reported) 
Steam traps operating hours 2190 hours (same as the applicant reported) 
Steam traps orifice size 109 (same as the applicant reported) 

2.4.2 Evaluation calculation method 
The evaluator calculated the savings using the same methodology as the applicant’s with updated input parameters. The 
custom savings equation developed through the reference study is described below. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = �60 ×
𝜋𝜋
4𝐷𝐷

2 × (𝑃𝑃 + 14.7)0.97� ×
𝐿𝐿𝐿𝐿 × 𝐶𝐶𝐷𝐷 × (ℎ𝑔𝑔 − ℎ𝑓𝑓) × 𝐶𝐶𝐶𝐶 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆

100,000 × 𝜂𝜂
 

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  = Annual energy savings per year (therms) 

60  = Empirically derived factor in Grashof equation (lbm/(in0.06-lb0.97-hr)) 

𝐷𝐷  = Diameter of steam trap orifice (inches) 

𝑃𝑃  = Pressure of steam in line at trap (psig); add 14.7 to get psia 

0.97  = Empirically derived factor in Grashof equation 

 𝐿𝐿𝐿𝐿 = Leak factor is determined through field testing and accounts for partially obstructed orifices or 
non-ideal steam flow. Plugged traps use a value of 0% (i.e. no savings result from fixing a 
plugged trap), leaking traps use a value of 26% and blowing by traps use a value of 55%.    

𝐶𝐶𝐷𝐷  = Discharge coefficient (70%) due to trap hole not being a perfect orifice 

ℎ𝑔𝑔,ℎ𝑓𝑓 = Enthalpy of saturated steam and liquid, respectively; associated with specified trap operating 
pressure (Btu/lb) 

𝐶𝐶𝐶𝐶 = Condensate return factor accounting for energy returned from leaking/blowing by traps via a 
condensate return line. (36.3%) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆  = Hours per year that a trap is pressurized and operating 

100,000  = Therms per Btu conversion 
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𝜂𝜂  = Boiler plant efficiency 

The evaluator verified that the measure baseline and quantity of the installed traps are the same as the applicant’s values. 
The evaluator did not update the operational input parameters which included operating hours, steam operating pressure 
and boiler efficiency in the evaluated savings analysis. The evaluated measure impacts are 14,183 therms which are the 
same as the reported values. 

2.4.3 Cross-check with utility billing data 
Because the measure was installed in December 2019 and the current pandemic impacted the steam system operation in 
early March 2020, the gas consumption during the post-installation case is not representative for the operation of the steam 
boiler. The evaluators did not conduct a billing analysis for this site. 
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3 FINAL RESULTS 
The project consisted of the repair/replacement of 109 failed steam traps at a school. The applicant calculated savings for 
the steam trap measure using the revised version of the Custom Steam Trap Savings tool with inputs from the completed 
steam trap survey conducted in 2019. The evaluator verified that the measure baseline and quantity of the installed traps are 
the same as the applicant’s values. The evaluator did not update the operational input parameters which included operating 
hours, steam operating pressure, and boiler efficiency in the evaluated savings analysis. The evaluated savings for the 
project were the same as the reported values. The parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Baseline Applicant Evaluator 
Impacted system Boiler plant and steam distribution system with 109 failed steam traps 
Boiler plant efficiency 80% 80% 
Steam operating pressure 5 psi. 
Steam trap annual operating hours 2,190 hours 
As-Built Applicant Evaluator 
Impacted system Boiler plant and steam distribution system with 109 repaired steam traps 
Boiler plant efficiency Same as applicant baseline Same as evaluator baseline 
Steam operating pressure Same as applicant baseline Same as evaluator baseline 
Steam trap operating hours Same as applicant baseline Same as evaluator baseline 
Savings Applicant Evaluator 
Annual natural gas savings (therms) 14,183 14,183 
Natural gas realization rate 100% 

3.1 Explanation of differences 
The evaluator verified that the measure baseline and quantity of the installed traps are the same as the applicant’s values. 
The evaluated savings are the same as the tracked savings. 

3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as a retrofit with a 
single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐿𝐿𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  × [ 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐿𝐿𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives  

𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (years) 

OYF = 100% for this single-baseline measure. This factor accounts for dual-baseline 
impacts. 
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The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 
smaller than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-2. Measure 10336147 - lifetime savings summary 
Factor Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 85,098 85,098 N/A 
First year savings (therms) 14,183 14,183 0% 
Measure lifetime (years) 6 6 0% 
Measure life reference Tracking MA TRM for Steam Traps N/A 
Measure event type Retrofit Retrofit N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts from the evaluated measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project consisted of repairing or replacing 30 failed steam traps located on a steam distribution system that 
serves a government office building. Steam is generated by a gas-fired steam boiler for space heating and for domestic hot 
water (DHW). The applicant classified the project as a retrofit with a single baseline. The applicant baseline was the 
preexisting condition of the repaired/replaced steam traps. 

During the initial interview with the site contact, evaluators learned the pandemic caused the building occupancy and 
operating hours to reduce significantly since March 2020. The site contact indicated the current operation of the building is 
the same as prior to the pandemic. The space heating setpoints and HVAC operating schedules were initially reduced 
during the pandemic, but they have been set back to the setpoints as prior to the pandemic. The site contact was present 
on-site and agreed to accommodate an on-site evaluation. The facility did not have restrictions associated with the visit. 
Thus, the evaluators proposed the Base + Add-on#3 (standard M&V) method for evaluating the site. After reviewing the 
metered data and discussing the findings with the site contact, the evaluators determined the operation of the facility is still 
impacted by the pandemic and evaluated the site using the Base + Add-on#1 method and, in the savings calculations, the 
evaluators did not update any operational parameters associated with the measure. 

Based on the on-site findings and the review of the project documentation, the evaluator classified the project as a retrofit 
with the preexisting conditions as the single baseline. The evaluator calculated the project savings using the same 
methodology as the applicant’s. All non-operational input parameters matched the applicant value. The evaluated savings 
were the same as the reported tracking value. The project realization rate (RR) is 100%. The evaluation results are 
presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA 
Application ID Measure Name  

Savings 
(Therms/yr) 

Measure Life 
(years) 

Lifetime Savings 
(Therms) 

9758945 Steam traps repair 
and replacement 

Tracked 2,618 6 15,708 
Evaluated 2,618 6 15,708 

Realization rate 100% N/A 100% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluator verified that the measure baseline and quantity of the installed traps are the same as the applicant’s values. 
The evaluator did not update the operational input parameters which included operating hours, steam operating pressure, 
and boiler efficiency in the evaluated savings analysis. The evaluated savings are the same as the applicant-reported 
savings. Further details regarding this are presented in Section 3-4. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no customer alerts for this project. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the repair and replacement of 30 failed steam traps at a city hall. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
According the savings analysis file provided by the applicant, the baseline was the preexisting condition of the 
repaired/replaced steam traps. The preexisting condition was determined based on the result of a steam trap survey 
conducted by a third-party vendor in April 2019. Table 2-1 presents the input parameters of the baseline as defined by the 
applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Number of failed steam traps 30 
Steam traps failed condition 1 trap blowing by and 29 traps leaking 
Steam operating pressure 5 psi 
Steam plant efficiency 80% 
Steam traps operating hours 27 traps - 1760 hours and 3 traps – 4,380 hours 
Steam traps orifice size 1/4” 

2.2.1 Applicant description of installed equipment and operation 
A steam trap survey was conducted in April 2019 and identified 30 traps which were later repaired/replaced in June 2019. 
The applicant’s installed case for this measure assumed that all the installed traps on-site are in good working condition. The 
trap operating pressure, hours of operation, and boiler efficiency used for the installed case matched those of the baseline 
configuration. 

2.2.2 Applicant energy savings algorithm 
The applicant calculated the measure impacts using the revised Custom Steam Trap Savings tool adopted by the PAs in 
2018 – following the completion of the Phase 2 Steam Trap Evaluation completed in March 2017. Figure 2-1 shows a 
screenshot from the applicant savings calculations file. 
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Figure 2-1. Applicant savings calculations 

 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The applicant correctly used the revised version of the Custom Steam Trap Savings tool, and the evaluator determined the 
application calculation methodology reasonable. The evaluator calculated the project savings using the same methodology 
as the applicant’s. 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of site visit findings 
The evaluators conducted an initial site visit on March 15, 2021 and a follow-up site visit on May 14, 2021. During the site 
visit, the evaluators interviewed the facility manager and verified the installation of steam traps. A summary of the on-site 
verification is provided in Table 2-2. 

Table 2-2. Measure verification 
Measure Name Verification Method Verification Result 
Steam traps repair and 
replacement 

Interview with the site contact and 
visual inspection. 

The verified steam traps were installed and 
operating as intended. 

During the site visit, the site contact described the configuration setup of the heating system at the facility. The impacted 
steam traps are on distribution lines that primarily serve space heating which is provided between October and April. Photos 
2-1 to 2-3 present the steam boilers and a sample of repaired traps. 

Steam Trap Repair/Replacement Custom Express Spreadsheet
Project Information: Customer Information:

Name of facil ity: Company name NO
Address of facil ity: Customer Contact YES

Type of facil ity: Phone YES
Survey Vendor: Title YES

Vendor Contact: NO
Vendor Contact Email: Program Administrator:

Heated Square Footage of Building Served: Application #:
Number of Stories: 3 Gas Account #: 00606177 Total Traps Inspected 86

Number of Apartments, if Applicable: Total Traps Fixed 30
Date of steam trap survey: 4/4/2019 % of Traps Fixed 35%

Date of steam trap repair work: Repaired Steam Traps 2,545                    Therms/yr
Replaced Steam Traps 73                         Therms/yr

Existing Boiler System: Manufacturer & Model Quantity Burner Input (Btu/hr) Age Return Water (°F) Total Annual Savings 2,618                    Therms/yr
Primary boiler system, required information Burnham - V1109 1 1335 12 90 Annual Site Usage 10,751 Therms/yr

Secondary boiler system, if applicable
Other boiler systems

Operating Pressure 5

Required Screening Inputs:
Primary end use for steam? Annual Savings -                        $/yr

Hours/year steam system is in operation 5,100 Total Cost 8,569                    $
Does the system return condensate to the DA tank? Yes Simple Payback Years

Annual site natural gas usage (therms/yr) 10,751
Average Natural Gas Cost ($/Therm)

Trap Tag #
Trap Application

[Pick List] Bldg / Floor / Room Trap Location, Elevation
Manufacturer

[Pick List] Model
Type

[Pick List]
Pipe Diameter 

(in)

Orifice Diameter 
(in)

[Pick List]

Steam Pressure 
at Trap (psig)

Pressurized Hours of 
Operation (hrs/yr)

[Pick List]

Steam Trap Status
[Pick List]

Trap venting 
directly to 

atmosphere?

Repair/ 
Replace

[Pick List]

Repair/ 
Replacement 

Cost

Annual Natural 
Gas Savings 

(Therms/year)

206367 Radiator Trap Main / 1st /Auditors Office Women's Bathroom Left Radiator, 0-5' Hoffman 17C Thermostatic Angle 3/4" 0.25 5 1700 Leaking No Repair 309$          73
207354 Radiator Trap Main / 1st / City Clerks Under Far Right Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207531 Radiator Trap Main / 1st / City Clerks Undwr Middle Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 220$          73
226798 Radiator Trap Main / 1st / Committee Rm Leggett Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
226799 Radiator Trap Main / 1st / Committee Rm Middle Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
226794 Radiator Trap Main / 1st / Council Chambers Right Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207372 Radiator Trap Main / 1st / Recreational Dept Under Right Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207359 Radiator Trap Main / 1st / Treasury Office Far Left Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207360 Radiator Trap Main / 1st / Treasury Office Under Second Window From Left, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207361 Radiator Trap Main / 1st / Treasury Office Middle Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207362 Radiator Trap Main / 1st / Treasury Office Second Window From Right, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207385 Radiator Trap Main / 2nd / Assessor's Office Under Right Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Blowing By No Repair 309$          152
207388 Radiator Trap Main / 2nd / Assessor's Office Bathroom In Side Office, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 4380 Leaking No Repair 220$          188
207389 Radiator Trap Main / 2nd / Assessor's Office Side Office Under Right Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
198327 Radiator Trap Main / 2nd / Mayor's Office Second Window From Right, 0-5' Hoffman 17C Thermostatic Angle 3/4" 0.25 5 1700 Leaking No Repair 309$          73
198324 Radiator Trap Main / 2nd / Mayor's Secretary Right Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207377 Radiator Trap Main / 2nd /Planning Board Back Rm Under Right Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207379 Radiator Trap Main / 2nd / Retirement Board all Office To The Right, Under Window, Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207381 Radiator Trap Main / 2nd / Retirement Board Under Left Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207382 Radiator Trap Main / 2nd / Retirement Board Break Rm, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207383 Radiator Trap Main / 2nd / Retirement Board Bathroom In Breakroom, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 220$          73
207396 Radiator Trap Main / 2nd /Solicitor's Office Under Left Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
207400 Radiator Trap Main / 2nd /Solicitor's Office Side Office Left Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 309$          73
226774 Radiator Trap Main / Basement /Conservation Commission Under Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 220$          73
226776 Drip Leg Main / Basement /Conservation Commission Back Left Corner, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 4380 Leaking No Repair 220$          188
226780 Radiator Trap Main / Basement /Inspectional Services Back Filing Rm, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Replace 412$          73
226783 Radiator Trap Main / Basement /Inspectional Services ight Small Office Behind Open Area, 0- Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 220$          73
226784 Radiator Trap Main / Basement /Inspectional Services Bathroom In Side Office, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 220$          73
226785 Drip Leg Main / Basement /Inspectional Services Bathroom In Small Office, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 4380 Leaking No Repair 220$          188
226779 Radiator Trap Main / Basement / Server Rm Under Left Window, 0-5' Hoffman 17C Thermostatic Angle 1/2" 0.25 5 1700 Leaking No Repair 220$          73

Input Completion Checklist

Annual Boiler Hour Entry
Identified Main Steam End Use

Average Gas Cost Entered

0
Lenny Burnham

Annual Bil led Natural Gas Usage Entered

Estimated Annual Savings Summary

Steam Trap Savings -
% of Bil led Usage 24.4%

Savings  higher than the 
expected range (20% of 

annual  s i te usage)

Simple Payback Summary

Condensate Return Described
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Photo 2-1. Facility’s steam boilers 
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Photo 2-2. Repaired steam trap #207354 

 

Photo 2-3. Repaired steam trap #226799 
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2.3.2 Measured and logged data 
The evaluator deployed temperature probes with data loggers on several pipe fittings to verify operation as described by the 
applicant and site contact. The metering period was from March 15, 2021 through May 14, 2021. Based on the information 
provided by the site contact and the metered data, the evaluator determined that the facility’s steam system operation has 
been impacted by the pandemic situation and the metering period was not representative of the steam system operation. 
Table 2-3 presents the logger deployment details. 

Table 2-3. Logger deployment details 
Data Logger Type Parameter Time Interval Duration Quantity 
HOBO logger with one temperature probe Steam pipe surface temperature 

(°F) 
5 minutes 8.5 weeks 9 

Figure 2-2 shows the surface temperature of a metered steam trap and the outdoor air temperature recorded at Boston, MA. 

Figure 2-2 Metered temperature – trap #198324

 
The evaluator used the temperature values recorded every five minutes and presented in Figure 2-2 above to determine if 
the trap was energized. For each metered temperature value that was greater than 140°F, the evaluator considered the trap 
was energized. The evaluator used the same approach for all metered traps. 

During the metering period the trap was energized only approximately 64 hours out of a total of approximately 1044 hours 
heating was enabled between the starting of metering period and the end of heating season. Data from the other metered 
traps featured a similar profile. Table 2-4 shows the hours the traps were energized during the period between March 14 and 
April 27 (the end of heating season). 
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Table 2-4. Metered traps - energized hours during the metering period 
Trap # Energized Hours 
198324 64 
226783 4 
207383 0 
207389 56 
226799 68 
207385 17 
207354 38 
207388 46 
226785 Failed – stopped recording after two days 

The traps were energized less than 10% of the time between March and April while the outdoor temperature ranged 
between 20°F and 70°F with an average of 48°F. 

The evaluators discussed the findings with the site contact to determine if the data metered during the metering period is 
typical. From the discussion, the site contact verified that the operation at the facility during the metering period was not the 
same as the pre-pandemic period. The evaluator determined the metered data is not typical for the operation of the steam 
system based on metered data and information provided by the site contact, hence, decided not to update the operational 
parameters associated with this measure. 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
Based on the project documentation and on-site findings, the evaluators determined the measure is a retrofit with a single 
baseline. The measure baseline was the preexisting conditions as confirmed by the evaluator through discussions with the 
site contact. The baseline parameters defined by both the applicant and the evaluator as identical. Table 2-4 presents the 
evaluator’s baseline key input parameters. 

Table 2-5. Evaluator’s baseline summary 
Operation Description Value 
Number of failed steam traps 30 
Steam traps failed condition 1 trap blowing by and 29 traps leaking 
Steam operating pressure 5 psi 
Steam plant efficiency 80% 
Steam traps operating hours 27 traps - 1760 hours and 3 traps – 4,380 hours 
Steam traps orifice size 1/4” 

2.4.2 Evaluation calculation method 
The evaluator calculated the savings using the same methodology as the applicant’s with updated input parameters. The 
custom savings equation developed through the reference study is described below. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = �60 ×
𝜋𝜋
4𝐷𝐷

2 × (𝑃𝑃 + 14.7)0.97� ×
𝐿𝐿𝐿𝐿 × 𝐶𝐶𝐷𝐷 × (ℎ𝑔𝑔 − ℎ𝑓𝑓) × 𝐶𝐶𝐶𝐶 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆

100,000 × 𝜂𝜂
 

where, 
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𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆  = Annual energy savings per year (therms) 

60  = Empirically derived factor in Grashof equation (lbm/(in0.06-lb0.97-hr)) 

𝐷𝐷  = Diameter of steam trap orifice (inches) 

𝑃𝑃  = Pressure of steam in line at trap (psig); add 14.7 to get psia 

0.97  = Empirically derived factor in Grashof equation 

𝐿𝐿𝐿𝐿 = Leak factor is determined through field testing and accounts for partially obstructed orifices or 
non-ideal steam flow. Plugged traps use a value of 0% (i.e. no savings result from fixing a 
plugged trap), leaking traps use a value of 26% and blowing by traps use a value of 55%.    

𝐶𝐶𝐷𝐷  = Discharge coefficient (70%) due to trap hole not being a perfect orifice 

ℎ𝑔𝑔,ℎ𝑓𝑓 = Enthalpy of saturated steam and liquid, respectively; associated with specified trap operating 
pressure (Btu/lb) 

𝐶𝐶𝐶𝐶 = Condensate return factor accounting for energy returned from leaking/blowing by traps via a 
condensate return line. (36.3%) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝑆𝑆  = Hours per year that a trap is pressurized and operating 

100,000  = Therms per Btu conversion 

𝜂𝜂  = Boiler plant efficiency 

The evaluator verified that the measure baseline and quantity of the installed traps are the same as the applicant’s values. 
The evaluator did not update the operational input parameters which included operating hours, steam operating pressure, 
and boiler efficiency in the evaluated savings analysis. The evaluated measure impacts are 14,183 therms which are the 
same as the reported values. 

2.4.3 Cross-check with utility billing data 
Because the measure was installed in June 2019 and the current pandemic impacted the steam system operation in early 
March 2020, the gas consumption during the post-installation case is not representative for the operation of the steam boiler. 
The evaluators did not conduct a billing analysis for this site. 
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3 FINAL RESULTS 
The project consisted of the repair/replacement of 30 failed steam traps at a city hall. The applicant calculated savings for 
the steam trap measure using the revised version of the Custom Steam Trap Savings tool with inputs from the completed 
steam trap survey conducted in 2019. The evaluator verified that the measure baseline and quantity of the installed traps are 
the same as the applicant’s values. The evaluator did not update the operational input parameters which included operating 
hours, steam operating pressure, and boiler efficiency in the evaluated savings analysis. The evaluated savings for the 
project were the same as the reported values. The parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of Key Parameters 
Baseline Applicant Evaluator 
Impacted system Boiler plant and steam distribution system with 30 failed steam traps 
Boiler plant efficiency 80% 80% 
Steam operating pressure 5 psi 
Steam trap annual operating hours 27 traps - 1760 hours and 3 traps – 4,380 hours 
As-Built Applicant Evaluator 
Impacted system Boiler plant and steam distribution system with 30 repaired steam traps 
Boiler plant efficiency Same as applicant baseline Same as evaluator baseline 
Steam operating pressure Same as applicant baseline Same as evaluator baseline 
Steam trap operating hours Same as applicant baseline Same as evaluator baseline 
Savings Applicant Evaluator 
Annual natural gas savings (therms) 2,618 2,618 
Natural gas realization rate 100% 

3.1 Explanation of differences 
The evaluator verified that the measure baseline and quantity of the installed traps are the same as the applicant’s values. 
The evaluated savings are the same as the tracked savings. 

3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as a retrofit with a 
single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐿𝐿𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  × [ 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐿𝐿𝐹𝐹𝑆𝑆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives  

𝐶𝐶𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (years) 

OYF = 100% for this single-baseline measure. This factor accounts for dual-baseline 
impacts. 
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The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 
smaller than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 

Table 3-2. Measure 9758945 - Lifetime Savings Summary 
Factor Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 15,708 15,708 N/A 
First year savings (therms) 2,618 2,618 0% 
Measure lifetime (years) 6 6 0% 
Measure life reference Tracking MA TRM for Steam Traps N/A 
Measure event type Retrofit Retrofit N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts from the evaluated measure. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The project was installed in 2019 at a university and impacted the facility’s steam distribution system. The project consisted 
of the following measures: 

• M1 (10232475): This measure added insulation jackets on 792.58 ft2 of valves, steam traps, fittings, pumps, and 
water tanks which carry 100 psi saturated steam. The installed insulation reduces heat loss through the insulated 
surfaces, thereby reducing the load on the steam boiler system and the natural gas consumption. The impacted 
steam boilers operate for 8,424 hours per year and have a combustion efficiency of 80%. 

• M2 (10232469): This measure installed and buried prefabricated insulated piping assembly to replace the following 
preexisting buried pipes: 425 feet of 14-inch steam pipe, 425 feet of 4-inch condensate return pipe, 155 feet of 10-
inch steam pipe, and 155 feet of 2.5-inch condensate return pipe. The installed insulation reduces heat loss from 
the insulated surfaces, thereby reducing the load on the steam boiler system and the natural gas consumption. The 
impacted steam boilers consisted of two 12,247 MBH and one 4,400 MBH boilers that operate at 80% combustion 
efficiency for 8,360 hours annually.  

• M3 (10393956): This measure installed insulation on 597 feet of linear pipe, along with additional insulation on 
elbow and tee fixtures. The pipes are energized with 100 psi steam and range in size between 0.5 and 6 inch. The 
impacted steam boilers operate for 8,760 hours per year and have a combustion efficiency of 80%. 

• M4 (8858384): This measure added insulation on 153 feet of straight pipe (0.75 to 4-inch size), and on 41.19 ft2 of 
valves, strainers, steam traps, and tanks. The impacted steam boilers operate for 8,760 hours per year and have a 
combustion efficiency of 80%. 

• M5 (8508984): This measure installed four air handling units (AHUs) with high-efficiency energy recovery wheels 
and one AHU with demand control ventilation (DCV). In addition, the measure also installed supply air temperature 
reset control sequence on all proposed AHUs. The installed measure reduces heating ventilation and reheat loads, 
thereby reducing gas consumption. 

The applicant classified measures M1, M2, M3, and M4 as retrofits with preexisting conditions as baseline. The applicant 
classified measure M5 as a new construction using Massachusetts baseline document1 as a reference for the ISP baseline. 

Since the facility’s heating system operation was impacted by the COVID-19 pandemic, the evaluators evaluated this site 
using Base + Add-on #1 (on-site verification) evaluation method. Based on the on-site findings and the review of the project 
documentation, the evaluators classified M1, M3, and M4 as add-ons with single baselines, M2 as retrofit with a dual 
baseline, and M5 as new construction with an ISP baseline. 

The evaluators calculated gas impacts for M1, M3, and M4 using 3E Plus modelling software. For M2, the evaluators 
calculated the measure impacts using engineering algorithm and, for M5, the evaluators calculated the measure impacts 
using the same methodology as used by the applicant. The evaluated savings are lower than tracking estimates because of 
the difference in savings methodology for M1 through M4. The evaluation results are presented in Table 1-1. 

  

 
1 Accessed online at: https://www.masssave.com/-/media/Files/PDFs/Business/MassSave_EnergyCodeBaseline_01312017.pdf 
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Table 1-1. Evaluation results summary 

PA Application ID Measure Name   Savings 
(Therms/yr) 

Measure 
Life (years) 

Lifetime 
Savings 
(Therms) 

10232475 
Jacket insulation 
installation on hot 
surfaces 

Tracked 60,029 15 900,441 

Evaluated 50,950 15 764,243 

Realization rate 85% N/A 85% 

10232469 
Underground 
prefabricated insulated 
piping installation 

Tracked 29,947 25 748,675 

Evaluated 15,120 25 352,799 

Realization rate 50% N/A 47% 

10393956 Pipe insulation 
installation 

Tracked 19,005 15 285,073 

Evaluated 20,960 15 314,394 

Realization rate 110% N/A 110% 

8858384 Pipe and fitting 
insulation installation 

Tracked 5,903 15 88,542 

Evaluated 5,724 15 85,862 

Realization rate 97% N/A 97% 

8508984 New AHUs installation 

Tracked 5,098 15 76,464 

Evaluated 6,372 15 95,580 

Realization rate 125% N/A 125% 

Totals  
Tracked 119,982 N/A 2,099,195 
Evaluated 99,125 N/A 1,612,878 
Realization rate 83% N/A 77% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated first-year savings are 17% less than the applicant-reported savings primarily because of the difference in 
savings analysis methodology. Further details regarding deviations from the tracked savings are presented in Section 3-4. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no customer alerts at this time. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the following installations: 

• Insulation and jacket insulation on steam pipes, valves, fittings, pumps, and water tanks.  

• Replacement of preexisting 580 feet of underground steam pipes and 580 feet of underground condensate return 
pipes with prefabricated insulated pipes. 

• Four new AHUs with high-efficiency energy recovery wheel and one new AHU with enhanced DCV, and enhanced 
supply air temperature reset control sequence on all new AHUs.   

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
The applicant classified measures M1-M4 as retrofits with preexisting condition as the baseline and measure M5 as a new 
construction with ISP as the baseline. The following subsections provide details on the applicant measure baselines. 

M1 (app. id: 10232475) 
The applicant’s baseline for this insulation measure included the preexisting steam distribution system with bare surfaces. 
Based on a survey conducted by a third-party, the facility identified 252 sections of hot uninsulated surfaces with a total 
surface area of 792.58 ft2. The survey also included the surface temperature, ambient temperature, and energized hours of 
the identified uninsulated surfaces. Table 2-1 presents the main parameters of the baseline and the proposed systems as 
defined by the applicant. 

Table 2-1. M1 – Applicant baseline and proposed systems summary 
Operation Description Baseline Value Proposed Value 
Number of identified uninsulated sections 252 252 
Total area of steam and hot water distribution surfaces 792.58 ft2 792.58 ft2 
Average bare surface fluid temperature  338°F 338°F 
Ambient temperature 80°F 80°F 
Annual energized hours (for all surveyed components) 8,424 8,424 
Insulation thickness 0 inch Thickness ranging from 0.4” to 1.2” 
Boiler plant efficiency 80% 80% 

M2 (app. id: 10232469) 
The applicant’s baseline for this pipe replacement and insulation measure included the preexisting steam and condensate 
return pipes that are buried underground. Based on a survey conducted by a third-party, the facility identified 580 feet of 
steam supply pipes with 0.5-inch of preexisting insulation and 580 feet of hot condensate return pipes with 0.5 inch of 
preexisting insulation. The survey also included the surface temperature, ground temperature, and energized hours of the 
identified surfaces. Table 2-2 presents the main parameters of the baseline and the proposed systems as defined by the 
applicant. 
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Table 2-2. M2 – Applicant baseline summary 
Operation Description Baseline Value Proposed Value 
Total length of preexisting steam supply pipes  580 ft 580 ft 
Total length of preexisting condensate return pipes  580 ft 580 ft 
Bare surface fluid temperature of steam pipes  347°F 347°F 
Bare surface fluid temperature of condensate return pipes 200°F 200°F 
Ground surface temperature 55°F 55°F 
Annual energized hours (for all surveyed components) 8,360 8,360 
Insulation thickness 0.5 inch Thickness ranging from 2” to 3” 
Boiler plant efficiency 80% 80% 

M3 (app. id: 10393956) 
The applicant’s baseline for this insulation measure included the preexisting steam distribution pipes with bare surfaces. 
Based on a survey conducted by a third-party, the facility identified 45 uninsulated pipe segments with a total length of 597 
feet. The survey also included the surface temperature, ambient temperature, and energized hours of the identified 
uninsulated surfaces. Table 2-3 presents the main parameters of the baseline and the proposed systems as defined by the 
applicant. 

Table 2-3. M3 – Applicant baseline summary 
Operation Description Baseline Value Proposed Value 
Number of identified uninsulated pipe segments 45 45 
Pipe diameter Ranges from 0.5” to 6” Ranges from 0.5” to 6” 
Total pipe length 597 ft 597 ft 
Average bare surface fluid temperature   338°F 338°F 
Ambient temperature 80°F 80°F 
Annual energized hours (for all surveyed components) 8,760 8,760 
Insulation thickness 0 inch Thickness ranging from 1” to 2” 
Boiler plant efficiency 80% 80% 
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M4 (app. id: 8858384) 
The applicant’s baseline for this insulation measure included the preexisting steam and hot water distribution system with 
bare surfaces. Based on a survey conducted by a third-party, the facility identified 21 sections of hot uninsulated surfaces 
with a total surface area of 126.80 ft2. The survey also included the surface temperature, ambient temperature, and 
energized hours of the identified uninsulated surfaces. Table 2-4 presents the main parameters of the baseline and the 
proposed systems as defined by the applicant. 

Table 2-4. M4 – Applicant baseline summary 

Operation Description 
Baseline 

Value Proposed Value 
Number of identified uninsulated sections 21 21 
Total area of steam and hot water distribution surfaces 126.80 ft2 126.80 ft2 
Average bare surface fluid temperature (weighted by surface area) 254°F 254°F 
Ambient temperature 85°F 85°F 
Annual energized hours (for all surveyed components) 8,760 8,760 
Insulation thickness 0 inch Thickness ranging from 0.4” to 1.2” 
Boiler plant efficiency 80% 80% 

M5 (app. id: 8508984) 
The applicant baseline for this measure consisted of four 5,000 cfm AHUs that bring 100% outside air and one 5,100 cfm 
AHU that brings 30% outside air. All five AHUs are equipped with supply air temperature reset strategy and DCV strategies 
as required by the 2017 MassSave baseline document2 .  

The applicant’s installed configuration for this measure consisted of four 5,000 cfm AHUs that bring 100% outside air 
equipped with energy recovery with an effectiveness and supply air temperature reset strategy better than the baseline and 
one 5,100 cfm that brings 38% outside air equipped with supply reset and DCV strategies better than the baseline. 

  

 
2 https://www.masssave.com/-/media/Files/PDFs/Business/MassSave_EnergyCodeBaseline_01312017.pdf 
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Table 2-5 presents the main parameters of the baseline and the proposed systems as defined by the applicant. 

Table 2-5. M5 – Applicant baseline summary 
Operation 
Description Baseline Value Proposed Value 

AHUs 1-4  Four 5,000 CFM units with 100% 
outside air Four 5,000 CFM units with 100% outside air 

AHU-5 One 5,100 CFM units with minimum 
30% outside air One 5,100 CFM units with 38% outside air 

Energy recovery 
effectiveness for 
AHUs 1-4 

50% 75% sensible/71% total 

Supply air reset for 
AHUs 1-4 

Reset supply air temperature from 55°F 
at 85°F outside air temperature up to 
60°F at 20°F outside air temperature  

Reset supply air temperature from 55°F at 85°F 
outside air temperature up to 65°F at 20°F outside air 
temperature  

Supply air reset for 
AHU 5 

Reset supply air temperature from 55°F 
at 85°F outside air temperature up to 
60°F at 20°F outside air temperature 

Reset supply air temperature from 55°F at 85°F 
outside air temperature up to 70°F at 20°F outside air 
temperature 

DCV strategy for 
AHU-5 

Use a CO2 sensor to control AHU 
outside air damper position (no zone 
damper control) 

The first stage allows the individual VAV boxes to 
modulate between 30% and 100% 
of the scheduled airflow to maintain CO2 
concentrations below 750 ppm in the respective 
spaces. The second stage of the proposed DCV 
strategy resets the 
AHU outdoor airflow rates between 500 and 1950 
CFM to maintain the highest zone level CO2 
concentration below 900 ppm. 

Steam plant 
efficiency 80% 80% 

2.2.1 Applicant description of installed equipment and operation 
The applicant defined the proposed systems for all five measures as presented in Tables 2-1 through 2-5 above. 

2.2.2 Applicant energy savings algorithm 
The following subsections provide details on the applicant energy savings algorithm for each measure.  

M1, M3 & M4 (app. ids: 10232475, 10393956 & 8858384) 
The applicant’s vendor calculated the savings for insulation measures M1, M3, and M4 using a custom analysis 
spreadsheet. The heat loss rate for each line item was qualified using the vendor’s propriety software. For each line item in 
the analysis spreadsheet, the vendor calculated therm savings using the following formulae.  

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐴𝐴 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 × (𝑄𝑄𝑏𝑏 − 𝑄𝑄𝑠𝑠)

100,000 × 𝐸𝐸𝑏𝑏
   

where: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   = annual gas energy savings (therm/year) 

𝑄𝑄𝑏𝑏 = heat loss from bare component (Btu/hr/ft2), calculated using applicant’s 
proprietary tool 
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𝑄𝑄𝑠𝑠 = heat loss from insulated component Btu/hr/ft2), calculated using applicant’s 
proprietary tool 

𝐴𝐴 = insulated surface area (ft2) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = annual energized hours of operation (8,384 hours per year) 

𝐸𝐸𝑏𝑏     = boiler efficiency (80%) 

100,000    = conversion factor (1 therm = 100,000 Btu) 

Figure 2-1 shows a snapshot from the applicant’s analysis. 

Figure 2-1. Applicant’s analysis snapshot 

 

M2 (app. id: 10232469) 
The applicant used 3EPlus to calculate heat loss for each impacted components. The 3E plus inputs: ambient, fluid 
operating temperature, and heating plant efficiency, were based on the surveyed data presented in Table 2-2. The 
evaluators used “Pipe-Horizontal” as the system application in 3EPlus. Figure 2-2 shows a snapshot from the applicant’s 
analysis. 

Figure 2-2. Applicant’s analysis snapshot 

 

  

Description
Nominal 
Pipe Size

Pipe 
Straight 

Feet
Elbows + 

Tees
Operating 
Temp ⁰F

Ambient 
Temp

SF/ 
component Hrs in service/yr.

Insulation 
Thickness

Bare BTU/hr/sf 
lost

Insulated BTU/hr/sf 
lost Insulated Touch Temp ⁰F Boiler Efficiency

Pre   
Therms Post Therms

Therms 
Saved Per 

Year
Heat Exchanger Head - - - 338 80 3.59 8424 1+5mm 806.20 56.38 111 80% 304.77 21.31 283.45

4 Blind Flange 250/300 1" (0-299°F) 4.00 - - 338 80 2.29 8424 1" 762.50 63.40 115 80% 183.87 15.29 168.58
2 PRV 125/150 (0-299°F) 1" 2.00 - - 338 80 1.29 8424 1" 792.70 57.31 112 80% 107.68 7.78 99.89

3 Bonnet - Gate 125/150 (0-299°F) 1" 3.00 - - 338 80 1.34 8424 1" 773.00 63.11 115 80% 109.07 8.90 100.17
1.5 FT Steam Trap (0°-299°F) 10mm Exterior 1.50 - - 338 80 2.06 8424 10mm 805.80 71.05 117 80% 174.79 15.41 159.38

3 Bonnet - Gate 125/150 (0-299°F) 1" 3.00 - - 338 80 1.34 8424 1" 773.00 63.11 115 80% 109.07 8.90 100.17
1.25 IB Steam Trap (0°-299°F) 10mm Exterior 1.25 - - 338 80 2.62 8424 10mm 814.70 69.89 116 80% 224.76 19.28 205.48

4 Bonnet - Gate 125/150 (0-299°F) 1" 4.00 - - 338 80 1.73 8424 1" 762.50 63.40 115 80% 138.90 11.55 127.35
2 PRV 125/150 (0-299°F) 1" 2.00 - - 338 80 1.29 8424 1" 792.70 57.31 112 80% 107.68 7.78 99.89

4 Gate Valve 125/150 (0-299°F) 1" 4.00 - - 338 80 3.45 8424 1" 762.50 63.40 115 80% 277.00 23.03 253.97
3 Bonnet - Gate 250/300 (0-299°F) 1" 3.00 - - 338 80 2.06 8424 1" 773.00 63.11 115 80% 167.68 13.69 153.99

1 Steam Trap - IB NPT (300°-375°F) 15mm Exterior 1.00 - - 338 80 3.11 8424 15mm 831.70 43.64 104 80% 272.37 14.29 258.08
4 Wye Cap 125/150 (0-299°F) 1" 4.00 - - 338 80 1.56 8424 1" 762.50 63.40 115 80% 125.25 10.41 114.84

2.5 PRV 125/150 (300-449°F) 1"+5mm 2.50 - - 338 80 1.53 8424 1+5mm 792.70 41.83 104 80% 127.71 6.74 120.97
4 Bonnet - Gate 125/150 (0-299°F) 1" 4.00 - - 338 80 1.73 8424 1" 762.50 63.40 115 80% 138.90 11.55 127.35

3 Gate Valve 125/150 (0-299°F) 1" 3.00 - - 338 80 2.67 8424 1" 773.00 63.11 115 80% 217.33 17.74 199.59
3 Gate Valve 125/150 (0-299°F) 1" 3.00 - - 338 80 2.67 8424 1" 773.00 63.11 115 80% 217.33 17.74 199.59

3 Wye Strainer 125/150 (0-299°F) 1" 3.00 - - 338 80 2.47 8424 1" 773.00 63.11 115 80% 201.05 16.41 184.64
3 Wye Strainer 125/150 (0-299°F) 1" 3.00 - - 338 80 2.47 8424 1" 773.00 63.11 115 80% 201.05 16.41 184.64

1 FT Steam Trap (0°-299°F) 10mm Exterior 1.00 - - 338 80 1.83 8424 10mm 831.70 67.68 115 80% 160.27 13.04 147.23
3 Gate Valve 125/150 (0-299°F) 1" 3.00 - - 338 80 2.67 8424 1" 773.00 63.11 115 80% 217.33 17.74 199.59

1 Control Valve NPT (0-299°F) 10mm 1.00 - - 338 80 0.82 8424 10mm 831.70 67.68 115 80% 71.81 5.84 65.97
1 Control Valve NPT (0-299°F) 10mm 1.00 - - 338 80 0.82 8424 10mm 831.70 67.68 115 80% 71.81 5.84 65.97
3 Bonnet - Gate 125/150 (0-299°F) 1" 3.00 - - 338 80 1.34 8424 1" 773.00 63.11 115 80% 109.07 8.90 100.17

Pipe Diameter 
(inches)

Steam or Water 
Temperature (˚F)

Ambient 
Temperature (°F)

Existing Pipe Heat Loss 
(Btu/hr/ft)

Existing Insulation 
Thickness (in)

Insulated Pipe Heat 
Loss (Btu/hr/ft)

Proposed 
Insulation 

Thickness (in)

Length of Piping 
(feet)

Operating time 
(hours/year)

Annual Heat Loss 
Savings (Btu)

Annual Heat Loss 
Savings (Therms)

14.00 347 55 617.10 0.50 134.00 3.00 425 8,360 1,716,454,300 17,164.5
10.00 347 55 476.20 0.50 119.70 2.50 155 8,360 461,952,700 4,619.5
4.00 200 55 79.07 0.50 29.57 2.00 425 8,360 175,873,500 1,758.7
2.50 200 55 52.02 0.50 19.99 2.00 155 8,360 41,504,474 415.0

14" Buried Steam Pipe
10" Buried Steam Pipe
4" Buried CR Pipe
2.5" Buried CR Pipe
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M5 (app. id: 8508984) 
The applicant used a custom spreadsheet-based analysis to estimate the savings for this measure. The spreadsheet uses a 
bin model using TMY3 data for a local weather station. The baseline and measure case inputs in the spreadsheet were 
based on the data presented in Table 2-5 and Table 2-10, respectively. Figure 2-3 shows a snapshot from the applicant’s 
analysis. 

Figure 2-3. Applicant’s analysis snapshot 

 

2.2.3 Evaluation assessment of applicant methodology 
The evaluator’s assessment on the applicant’s methodology for each measure is detailed in the following subsections.  

M1, M3 & M4 (app. ids: 10232475, 10393956 & 8858384) 
The applicant’s overall methodology for calculating the insulation savings is appropriate. However, the applicant’s model of 
the heat loss rate using the proprietary software does not allow the evaluators to replicate the results for each line item. The 
evaluator’s calculation of the heat loss rate using 3EPlus software produced results comparable to, but not exactly matching, 
the values reported by the applicant.  

M2 (app. id: 10233475) 
The applicant used the 3EPlus modelling software to calculate measure savings, and the evaluators were able to replicate 
the applicant’s results using the applicant’s method and assumptions. However, 3EPlus is not suitable for calculating heat 
loss values for buried pipes. This is because for buried pipes, there is no radiation or convective heat transfer – heat transfer 
is solely driven by conduction alone.   

The evaluators calculated baseline and measure case heat loss values using engineering algorithms. The evaluator’s 
calculation of the heat loss rate using engineering algorithms produced results that are approximately half of the values 
reported by the applicant. 

M5 (app. id: 8508984) 
The evaluators reviewed the applicant’s savings analysis spreadsheet and found the applicant’s overall methodology for 
calculating the measure savings to be appropriate. The evaluators calculated the measure impacts for this measure using 
the same methodology. 

Chiller Performance AHU Heat Recovery Wheel
reheat: 87.1 MBH ( HW coil) % Load kW/ton EER Chiller Load Profile Tag Season CFM OAT, db OAT, wb OA enth RAT, db RAT, wb RA enth SAT, db

100% 1.21 9.93 OAT % Load 1 to 4 Winter 5,000 0 - - 70 - - 52.6
AHU Design Case Fan Power 75% 0.89 13.55 95 90% 1 to 4 Summer 5,000 90.8 73.1 36.6 75 64.4 29.5 79.3

Unit Fan TSP Fan Eff Fan Motor Fan Motor Eff Design 50% 0.68 17.52 70 25%
Tag Tag inches % BHP Qty HP % kW 25% 0.59 20.22

AHU-1 to 4 Supply 3.58 74% 3.79 1 5 89.5% 3.16
AHU-1 to 4 Exhaust 2.62 74% 2.79 1 5 89.5% 2.33 Return Air Conditions Base Case Performance

OAT, db RAT, db RA Enth % RH dewpt Sensible Eff 50% Savings Section
65 70 27.0 60% 55.6 Total Eff 50%
70 75 28.1 50% 55.2 Savings

DAT Setpoints ECM 4 Terminal Analysis Variables ECM Description Measure kWh therms $
OAT DAT DAT Unit AtmoP 14.696 3 Above Code Energy Recovery New Construction 1,972 3,706 $4,078

°F °F *F DAT Fan A 0.3
85 55 55 55 AHU-1 to 4 Savings Summary for AHU-1
20 60 65 85 Load Ton-hrs MMBTU Base Case Cool kWh AHU Therms Term. Unit Therms Total Therms
ERV Offset from DAT (°F): 2 Base 14,415 82.4 Base Case 9,786 1,029 4,104 5,133

Design 13,819 8.2 Design Case 9,293 103 4,104 4,207
Savings/AHU 493 926 0 926

AHU 1-4 Savings 1,972 3,706 0 3,706

AHU-1 through 4
TMY3 Data for Manchester, NH Ambient Conditions Return Air  

Temp Total Avg Avg Average OA Conditions Avg Return  Return Supply OA Percent Return DAT Setpoints Energy Rec Post Wheel Wheel   
From To Hours Indep Dep lb h20 / lb air dewpt grains Btu/lb Temp db RH b h20 / lb a dewpt grains Enth CFM CFM OA CFM Temp, db sat lb h20 dewpt A lb H20 / lb grains Enth Status Theoretical Temp Target Temp Bypass? % bypass
95.0 100.0 7.5 96.0 75.8 0.01451 67.7 101.7 39.1 75.0 50% 0.00924 55.2 64.6 28.1 5,000 5,000 100% 0 55.0 0.0092 55.1 0.0092 64.4 23.2 Cooling Recovery 85.5 53.0 0 0%
90.0 95.0 23.5 91.8 73.0 0.01313 64.9 92.1 36.5 75.0 50% 0.00924 55.2 64.6 28.1 5,000 5,000 100% 0 55.0 0.0092 55.1 0.0092 64.4 23.2 Cooling Recovery 83.4 53.0 0 0%
85.0 90.0 88.6 87.6 69.9 0.01156 61.3 81.1 33.7 75.0 50% 0.00924 55.2 64.6 28.1 5,000 5,000 100% 0 55.0 0.0092 55.1 0.0092 64.4 23.2 Cooling Recovery 81.3 53.0 0 0%
80.0 85.0 189.4 82.3 67.8 0.01125 60.6 78.9 32.1 75.0 50% 0.00924 55.2 64.6 28.1 5,000 5,000 100% 0 55.2 0.0093 55.3 0.0093 64.9 23.3 Cooling Recovery 78.6 53.2 0 0%
75.0 80.0 287.7 77.0 65.6 0.01083 59.5 75.9 30.3 75.0 50% 0.00924 55.2 64.6 28.1 5,000 5,000 100% 0 55.6 0.0094 55.7 0.0094 65.8 23.6 Economizer 77.0 55.6 0 0%
70.0 75.0 314.7 72.6 64.3 0.01097 59.9 77.0 29.4 75.0 50% 0.00924 55.2 64.6 28.1 5,000 5,000 100% 0 56.0 0.0095 56.0 0.0095 66.7 23.8 Economizer 72.6 56.0 0 0%
65.0 70.0 351.9 68.1 61.2 0.00993 57.1 69.6 27.2 73.1 54% 0.00933 55.4 65.3 27.8 5,000 5,000 100% 0 56.3 0.0096 56.4 0.0096 67.5 24.0 Economizer 68.1 56.3 0 0%
60.0 65.0 427.6 62.8 56.0 0.00798 51.3 56.0 23.8 70.0 60% 0.00936 55.6 65.5 27.0 5,000 5,000 100% 0 56.7 0.0098 51.3 0.0080 55.9 22.3 Heating Recovery 66.4 58.7 1 100%
55.0 60.0 364.6 57.2 50.4 0.00620 44.6 43.5 20.5 70.0 60% 0.00936 55.6 65.5 27.0 5,000 5,000 100% 0 57.1 0.0099 44.6 0.0062 43.4 20.4 Heating Recovery 63.6 59.1 1 69%
50.0 55.0 481.4 52.1 46.6 0.00544 41.2 38.1 18.4 70.0 60% 0.00936 55.6 65.5 27.0 5,000 5,000 100% 0 57.5 0.0101 41.2 0.0054 38.1 19.7 Heating Recovery 61.1 59.5 1 17%
45.0 50.0 365.8 47.4 42.6 0.00467 37.3 32.7 16.4 70.0 60% 0.00936 55.6 65.5 27.0 5,000 5,000 100% 0 57.9 0.0102 47.8 0.0070 49.1 21.5 Heating Recovery 58.7 59.9 0 0%
40.0 45.0 422.0 43.2 39.1 0.00410 34.0 28.7 14.8 70.0 60% 0.00936 55.6 65.5 27.0 5,000 5,000 100% 0 58.2 0.0103 46.8 0.0067 47.1 21.3 Heating Recovery 56.6 60.2 0 0%
35.0 40.0 430.9 37.5 33.8 0.00324 28.2 22.1 12.5 70.0 60% 0.00936 55.6 65.5 27.0 5,000 5,000 100% 0 58.7 0.0105 45.0 0.0063 44.1 20.9 Heating Recovery 53.8 60.7 0 0%
30.0 35.0 330.1 32.3 28.8 0.00247 21.5 16.2 10.4 70.0 60% 0.00936 55.6 65.5 27.0 5,000 5,000 100% 0 59.1 0.0107 43.4 0.0059 41.4 20.6 Heating Recovery 51.2 61.1 0 0%
25.0 30.0 216.3 27.8 24.3 0.00185 17.0 13.0 8.7 70.0 60% 0.00936 55.6 65.5 27.0 5,000 5,000 100% 0 59.4 0.0108 42.0 0.0056 39.3 20.4 Heating Recovery 48.9 61.4 0 0%
20.0 25.0 150.2 23.3 20.0 0.00143 11.7 10.0 7.1 70.0 60% 0.00936 55.6 65.5 27.0 5,000 5,000 100% 0 59.7 0.0109 41.0 0.0054 37.8 20.2 Heating Recovery 46.6 61.7 0 0%
15.0 20.0 118.3 17.9 15.5 0.00117 7.8 8.2 5.6 70.0 60% 0.00936 55.6 65.5 27.0 5,000 5,000 100% 0 60.0 0.0110 40.4 0.0053 36.9 20.1 Heating Recovery 44.0 62.0 0 0%
10.0 15.0 64.0 12.5 10.6 0.00094 3.6 6.6 4.0 70.0 60% 0.00936 55.6 65.5 27.0 5,000 5,000 100% 0 60.0 0.0110 39.8 0.0052 36.1 20.0 Heating Recovery 41.2 62.0 0 0%
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In addition, the evaluators found that the reported tracking savings for this measure are 80% of the applicant savings value. 
After discussing with the implementation vendor, the evaluators learned that the measure savings were initially intended to 
be reported through a parent-child application (80% savings reported in the parent application and 20% savings reported in 
the child application). However, the child application was never created, and the reported tracking savings remained at 80% 
of the applicant savings. The evaluators determined that this was a tracking error. 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on April 7, 2021. During the site visit, the evaluators interviewed the facility manager 
and verified the installation of measures M1 through M4. For M5, the evaluators were not able to access the installed AHUs 
and therefore verified the installation of the measure via energy management system (EMS) trend data. The site contact 
informed the evaluators that the facility’s impacted steam boilers are operating at a lower pressure due to COVID related 
shutdowns. A summary of the on-site verification is provided in Table 2-11 below. 

Table 2-11. Measure verification 
Measure Name Verification Method Verification Result 
M1 (Insulation jackets on 792.58 ft2 of 
valves, steam traps, fittings, pumps, 
and tanks) 

Visual verification of hot surfaces 
and installed thermal insulation 

The thermal insulation was installed and 
in working condition 

M2 (Installation of buried, 
prefabricated insulated piping 
assembly to replace underground 
steam and condensate pipes) 

Verified by comparing thermal aerial 
map of the installed location with 
satellite imagery.  

The pipes were insulated and buried. 
The evaluators were able to reproduce 
measurements reported in the tracking 
data.  

M3(Insulation on 597 ft of linear pipe) Visual verification of hot surfaces 
and installed thermal insulation 

The thermal insulation was installed and 
in working condition 

M4 (Insulation on 153 ft of straight 
pipe and on 41.19 ft2 of fittings) 

Visual verification of hot surfaces 
and installed thermal insulation 

The thermal insulation was installed and 
in working condition 

M5 (Install four 5,000 CFM AHUs with 
above code energy recovery units and 
supply air reset controls. Install one 
5,100 CFM AHU with enhanced DCV 
controls and above code supply air 
reset controls) 

No onsite verification for this 
measure. Documentation within the 
folder indicates that measure was 
verified by reviewing trend data.  

The AHUs were installed and operating 
as per the described controls strategy. 
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Photo 2-1 shows a sample of the insulated surfaces verified on site. 

Photo 2-2. M1 - Installed thermal insulation 

   

During the site visit, the evaluators verified the following information: 

• The as-built insulation thickness matched with the value reported in the applicant analysis. 

• The accuracy of the baseline conditions reported in the applicant analysis. 

• The boiler plant efficiency is 80% as recorded in the site visit. 

2.3.2 Measured and logged data 
Based on the information provided by the site contact and based on on-site verification, the evaluators determined that the 
boiler operation in the facility was impacted by the COVID-19 pandemic and that any immediate metered data would not be 
representative of typical operation of the impacted insulated components. As such, the evaluators did not install any 
metering equipment. 

2.4 Evaluation methods and findings 
This section describes the evaluators methods and findings. 

2.4.1 Evaluation description of baseline 
The following subsections describe the evaluation description of baseline for each measure.  

M1, M3, and M4 (app. ids:10232475, 10393956 & 8858384) 
Based on project documentation and on-site findings, the evaluators classified the insulation measures M1, M3, and M4 as 
an add-ons with a single baselines. For each of the three measures, the single baseline is the preexisting steam distribution 
system. The measures have a single baseline because the measure effective useful life (EUL) of 15 years is smaller than 
two-third of the EUL (25 years) of the steam distribution system. The preexisting system consisted of uninsulated hot 
surfaces. The evaluators agree with the applicant reported baseline parameters.  

M2 (app. id: 10232475) 
Based on project documentation and on-site findings, the evaluators classified this pipe replacement and insulation measure 
as a retrofit with dual baseline. The (EUL) of insulation measure alone is 15 years, while the EUL of the pipe replacement 
measure is 30 years. The overall EUL of this measure is larger than two-third of the EUL of the steam distribution system (25 
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years). As such, the measure has a dual baseline by default for retrofit measure. The preexisting system consisted of 580 
feet of underground steam pipes with 0.5-inch insulation and 580 feet of underground condensate return pipes with 0.5-inch 
insulation. The evaluators agree with the applicant reported baseline parameters presented in Table 2-2 above. 

M2 (app. id: 8508984) 
The evaluators reviewed the project documentation and classified the measure as lost opportunity with an ISP baseline. The 
baseline is defined by IECC 2015 and ASHRAE 90.1-2013.  

2.4.2 Evaluation calculation method 
M1, M3, and M4 (app. ids: 10232475, 10393956 & 8858384) 
The evaluators modelled the insulation measure savings using a similar methodology as the applicants. The evaluators used 
3EPlus to calculate heat loss for all components included in the applicant’s analysis. The 3E plus inputs: ambient, fluid 
operating temperature, and heating plant efficiency, were the same as applicant reported values as they are operational 
input parameters. The evaluators used “Pipe-Horizontal” as the system application for line items with pipe segments and 
“Tank Shell-Horizontal” as the system application for line items with fittings in 3EPlus. 

For each line item in the analysis spreadsheet, the evaluators calculated the therm savings using the following formula: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 =
𝐴𝐴 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 × (𝑄𝑄𝑏𝑏 − 𝑄𝑄𝑠𝑠)

100,000 × 𝐸𝐸𝑏𝑏
   

where: 

∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠   = annual gas energy savings (therm/year) 

𝑄𝑄𝑏𝑏 = heat loss from bare component (Btu/hr/ft2), calculated using 3EPlus 

𝑄𝑄𝑠𝑠 = heat loss from insulated component Btu/hr/ft2), calculated using 3EPlus 

𝐴𝐴 = insulated surface area (ft2) 

𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻𝐻 = annual energized hours of operation  

𝐸𝐸𝑏𝑏     = boiler plant efficiency (80%) 

100,000    = conversion factor (100,000 Btu/therm) 

For line items with pipe segments, the evaluators calculated the heat losses (𝑄𝑄𝑏𝑏 𝑎𝑎𝑎𝑎𝑎𝑎 𝑄𝑄𝑠𝑠) in terms of Btu/hr/ft and multiplied 
the losses with the length of insulated pipes (instead of area) in the formulae above. 

The evaluated savings for M1, M2 and M4 are 50,950, 20,960, and 5,724 therms/ year, respectively.  

M2 (app. id: 10233469) 
Because 3EPlus follows the ASTM-C80 calculation methodology, which is meant for calculating heat loss in air, the 
evaluator adjusted the savings calculation methodology to reflect the heat loss rate for the underground steam and 
condensate piping in a more appropriate way3. The evaluator calculated the heat loss rates for the underground steam and 
condensate piping in both the baseline and proposed using the following formulas with applicant reported inputs: 

𝑄𝑄𝑈𝑈 = 𝐾𝐾𝑃𝑃 × 𝐿𝐿 × (𝑇𝑇𝑠𝑠 − 𝑇𝑇𝐺𝐺) 

 
3 U.S. Department of Commerce, National Bureau of Standards, National Engineering Laboratory, Heat Transfer Analysis of Underground Heat and Chilled-Water 

Distribution Systems, November 1981.  
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where, 

𝑄𝑄𝑈𝑈  = heat loss from underground steam and condensate piping, in Btu/hr 

𝐾𝐾𝑃𝑃  = pipe heat transfer factor, Btu/hr-ft-°F 

𝐾𝐾𝑆𝑆  = thermal conductivity of pipe surroundings, 1.0 Btu-ft/hr-ft2-°F for moist soil4 

𝐾𝐾𝐼𝐼  = thermal conductivity of the pipe insulation, 0.035 Btu-ft/hr-ft2-°F based on project files 

𝐻𝐻  = external radius of the insulation, in ft 

𝑎𝑎  = depth of the pipe measured from the ground surface to the centreline 

of the pipe, assumed to be 6 ft based on project files 

𝑡𝑡  = thickness of the pipe Insulation, in ft 

𝐿𝐿  = total piping length, in ft  

𝑇𝑇𝑆𝑆  = pipe surface temperature 

𝑇𝑇𝐺𝐺  = ground average temperature 

The input parameter values used by the evaluators in the formula above for the measure savings analysis of steam and 
condensate return pipes are listed in Table 2-12 below; the evaluators assumed the input parameters to be the same as 
applicant reported: 

Table 2-12. Input parameter values for measure savings analysis 
Parameter Steam 

pipe 14” 
diameter 

Steam 
pipe 10” 
diameter 

Condensate 
pipe 4” 

diameter 

Condensate 
pipe 2.5” 
diameter 

Inside radius of pipe, rw, in ft 0.552 0.386 1.763 1.047 
External radius of insulation, r, in ft 0.625 0.458 2.5 1.75 
Baseline insulation thickness, tbaseline, in ft 0.5 0.5 0.5 0.5 
Installed insulation thickness, tinstalled, in ft 3 2.5 2 2 
Piping length, L, in ft 425 155 425 155 
Pipe surface temperature, Ts, °F 347 347 200 200 
Average ground temperature, TG, °F 55 55 55 55 

The evaluated savings associated with this measure are 15,120 therm/year. 

M5 (app. id: 8508984) 
The evaluators used the same methodology (bin model with local TMY data) as used by the applicant to estimate the 
measure savings. For each temperature bin, the evaluators used the following formula to calculate the measure savings:  

𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = 1.08 × 𝐶𝐶𝐶𝐶𝐶𝐶 × [(𝑆𝑆𝐴𝐴𝑇𝑇𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏 − 𝐶𝐶𝐴𝐴𝑇𝑇𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏) −  (𝑆𝑆𝐴𝐴𝑇𝑇𝑚𝑚𝑏𝑏𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚𝑏𝑏 − 𝐶𝐶𝐴𝐴𝑇𝑇𝑚𝑚𝑏𝑏𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚𝑏𝑏)] 

 
4 https://www.engineeringtoolbox.com/thermal-conductivity-d_429.html 
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For AHUs 1-4 energy recovery measure: 𝐶𝐶𝐴𝐴𝑇𝑇 = 𝑂𝑂𝐴𝐴𝑇𝑇 + 𝐻𝐻𝑟𝑟𝑟𝑟𝐻𝐻𝑟𝑟𝑟𝑟𝐻𝐻𝑦𝑦𝑏𝑏𝑒𝑒𝑒𝑒 × (𝑅𝑅𝐴𝐴𝑇𝑇 − 𝑂𝑂𝐴𝐴𝑇𝑇)  

For AHU-5 DCV measure, 𝐶𝐶𝐴𝐴𝑇𝑇 = 𝑂𝑂𝐴𝐴𝑇𝑇 × 𝑂𝑂𝐴𝐴𝑂𝑂% + 𝑅𝑅𝐴𝐴𝑇𝑇 × (1 −𝑂𝑂𝐴𝐴𝑂𝑂%) 

where, 

𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠  = Total savings, therm/year 

𝐶𝐶𝐶𝐶𝐶𝐶  = Air flow capacity, cubic feet per minute 

𝑆𝑆𝐴𝐴𝑇𝑇𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏 = Baseline supply air temperature setpoint, °F 

𝐶𝐶𝐴𝐴𝑇𝑇𝑏𝑏𝑠𝑠𝑠𝑠𝑏𝑏 = Baseline mixed air temperature, °F 

𝑆𝑆𝐴𝐴𝑇𝑇𝑚𝑚𝑏𝑏𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚𝑏𝑏 = Measure case supply air temperature setpoint, °F 

𝐶𝐶𝐴𝐴𝑇𝑇𝑚𝑚𝑏𝑏𝑠𝑠𝑠𝑠𝑚𝑚𝑚𝑚𝑏𝑏 = Measure case mixed air temperature, °F 

𝑂𝑂𝐴𝐴𝑇𝑇  = Outside air-dry bulb temperature, °F 

𝐻𝐻𝑟𝑟𝑟𝑟𝐻𝐻𝑟𝑟𝑟𝑟𝐻𝐻𝑦𝑦𝑏𝑏𝑒𝑒𝑒𝑒 = Energy recovery effectiveness 

𝑂𝑂𝐴𝐴𝑂𝑂%  = Percentage of outside air 

𝑅𝑅𝐴𝐴𝑇𝑇  = Return air temperature, ranging between 70°F to 75°F based on OAT 

The input parameter values used by the evaluators in the formulae above are presented in Table 2-13; the evaluators 
assumed the input parameters to be the same as applicant reported: 

Table 2-13. Input parameter values for measure savings analysis 
Parameter AHUs 1-4 AHU-5 
CFM 5,000 5,100 

SATbaseline Reset linearly from 
55°F at 85°F OAT up to 65°F at 20°F OAT. 

SATmeasure Reset linearly from 55°F at 85°F OAT up to 65°F at 
20°F OAT 

Reset linearly from 55°F at 85°F 
OAT up to 70°F at 20°F OAT 

Recoveryeff, baseline 50% N/A 
Recoveryeff, measure 75% N/A 

OAD%_baseline N/A 20% lower than the design OA 
CFM) 

OAD%_proposed N/A 40% lower than the design OA 
CFM.  

N/A = Not applicable 

The evaluated associated with this measure are 6,372 therm/year. 

The evaluated savings for all five measures are 99,125 therm/year. 

2.4.3 Cross-check with utility billing data 
According to the site contact, the facility’s operation was impacted by the COVID-19 situation which impacted the operation 
of the impacted boilers and the operation of all five measures. As reported in the project documentation, the project 
installation was completed in October of 2019. Between October 2019 and April 2020 (which is when the COVID-19 related 
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shutdowns occurred), there were not enough post-installation period data points to conduct a billing analysis. As a result, the 
evaluators determined that billing analysis is not appropriate for this site. 

The evaluators conducted a comparison between the tracking savings and the facility’s annual natural gas consumption. 
Table 2-14 presents the average gas consumption at the facility from 2016 through 2018.  

Table 2-5. Average natural gas billing data 2016-2018 
Month Natural Gas Consumption (Therms) 
January 81,195 
February 69,277 
March 68,417 
April 47,459 
May 29,490 
June 15,458 
July 12,280 
August 12,650 
September 17,261 
October 38,769 
November 58,789 
December 77,579 
TOTAL 528,625 

The reported tracking savings are 23% of the average annual gas consumption at the facility. The tracking savings are 
higher than the typical savings associated with these measure types. This is likely because the applicant overestimated the 
operational input parameters in the savings calculation. 
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3 FINAL RESULTS 
The evaluated project was installed at a university and consisted of installation of insulation jackets, installation of 
prefabricated, insulated steam and condensate return pipes, and installation of AHUs with high-efficiency energy recovery, 
enhanced supply air temperature reset and DCV. The evaluated savings for the project are less than the reported savings 
primarily the evaluators calculated the savings for M1, M2, M3 and M4 using a different savings methodology. The 
parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Baseline Applicant Evaluator 
Impacted underground steam and 
condensate piping system  

1160-ft of underground piping with 
0.5-inch-thick insulation 

1160-ft of underground piping 
with 0.5-inch-thick insulation 

Impacted above ground pipes and fittings.  318 components with no insulation 318 components with no 
insulation 

Boiler plant efficiency 80% 80% 

Average fluid temperature 338°F for steam and 200°F for 
condensate 

338°F for steam and 200°F for 
condensate 

Average ambient temperature 80°F for above ground and 55°F for 
underground components 

80°F for above ground and 
55°F for underground 
components 

Annual energized hours for insulated pipes 
and fittings 

8,760 8,760 

Impacted AHUs Four 5,000 CFM AHUs with 100% 
outside air and one 5,100 CFM AHU 
with 38% outside air 

Four 5,000 CFM AHUs with 
100% outside air and one 5,100 
CFM AHU with 38% outside air 

Energy recovery effectiveness 50% 50% 

Supply air reset strategy Reset supply air temperature from 
55°F at 85°F outside air temperature 
up to 60°F at 20°F outside air 
temperature  

Reset supply air temperature 
from 55°F at 85°F outside air 
temperature up to 60°F at 20°F 
outside air temperature  

DCV strategy Using a CO2 sensor to control AHU 
outside air damper position (no zone 
damper control) 

Using a CO2 sensor to control 
AHU outside air damper 
position (no zone damper 
control) 
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As-built Applicant Evaluator 
Impacted underground steam and 
condensate piping system  New 1160-ft of underground piping with 

insulation thickness ranging from 2” to 3”  

New 1160-ft of underground piping 
with insulation thickness ranging 
from 2” to 3”. 

Impacted above ground pipes and 
fittings. 

318 components with insulation thickness 
ranging from 0.4” to 2” 

318 components with insulation 
thickness ranging from 0.4” to 2” 

Boiler plant efficiency Same as the applicant’s baseline Same as the evaluator’s baseline 
Average fluid temperature Same as the applicant’s baseline Same as the evaluator’s baseline 
Average ambient temperature Same as the applicant’s baseline Same as the evaluator’s baseline 
Annual energized hours for insulated 
pipes and fittings Same as the applicant’s baseline Same as the evaluator’s baseline 

Impacted AHUs Four 5,000 CFM AHUs with 100% outside 
air and one 5,100 CFM AHU with 38% 
outside air 

Four 5,000 CFM AHUs with 100% 
outside air and one 5,100 CFM AHU 
with 38% outside air 

Energy recovery effectiveness 75% sensible, 71% total 75% sensible, 71% total 

Supply air reset strategy 

For AHUs 1-4: reset supply air 
temperature from 55°F at 85°F outside air 
temperature up to 65°F at 20°F outside air 
temperature 
 
 For AHU-5: reset supply air temperature 
from 55°F at 85°F outside air temperature 
up to 70°F at 20°F outside air temperatur3 

For AHUs 1-4: reset supply air 
temperature from 55°F at 85°F 
outside air temperature up to 65°F at 
20°F outside air temperature 
 
 For AHU-5: reset supply air 
temperature from 55°F at 85°F 
outside air temperature up to 70°F at 
20°F outside air temperature 

DCV strategy The first stage allows the individual VAV 
boxes to modulate between 30% and 
100% 
of the scheduled airflow to maintain CO2 
concentrations below 750 ppm in the 
respective spaces. The second stage of 
the proposed DCV strategy resets the 
AHU outdoor airflow rates between 500 
and 1950 CFM to maintain the highest 
zone level CO2 
concentration below 900 ppm. 

The first stage allows the individual 
VAV boxes to modulate between 
30% and 100% 
of the scheduled airflow to maintain 
CO2 concentrations below 750 ppm 
in the respective spaces. The 
second stage of the proposed DCV 
strategy resets the 
AHU outdoor airflow rates between 
500 and 1950 CFM to maintain the 
highest zone level CO2 
concentration below 900 ppm. 

Savings 
  

Annual natural gas savings (therms) 119,982 99,125 
Natural gas realization rate 83% 
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3.1 Explanation of differences 
The evaluated savings are less than the tracked savings, due to the difference in savings estimation methodology. Table 3-2 
provides a summary of the differences between tracking and evaluated values. 

Table 3-1. Summary of deviations 
End-
use Discrepancy Parameter 

Impact of 
Deviation Discussion of Deviations 

HVAC Analysis 
methodology 

Heat loss modeling 
approach 

-18% Decreased savings – the evaluators calculated the 
savings for M1, M3, and M4 using 3E plus with “Pipe – 
Horizontal” option for pipes and “Tank Shell – Horizontal” 
option for fittings, while the applicant used a proprietary 
tool to estimate measure savings. 
For M2, the evaluators calculated savings using 
engineering algorithm, while the applicant used 3EPlus to 
estimate measure savings.  

HVAC Application 
and tracking 
savings 

Tracked measure 
savings 

+1% Increased savings - The tracked savings for M5 are only 
80% of the applicant reported savings, while the evaluated 
measure savings are 100% of the applicant reported 
savings.  

3.2 Lifetime savings 
This section provides details on the tracking and the evaluated lifetime savings for each measure. 

M1 (app. id: 10232475) 
The evaluators classified this insulation measure as an add-on with a single baseline. The measure has a single baseline 
because the underlying steam boilers will outlive the installed measure. The evaluators calculated the applicant and 
evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 = 𝐶𝐶𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = evaluated lifetime savings (therm) 

𝐶𝐶𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 (years) 

OYF = 100% for this single baseline measure. 

The evaluated lifetime savings are lower than the tracking lifetime savings because the evaluated first year savings are 
lower than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 



 
Page 19 of 22 
 

DNV  –  www.dnv.com August 5, 2021 Page 19 
 

Table 3-2. Measure 10232475 - lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 900,411 764,243 N/A 
First year savings (therms) 60,029 50,950 -15% 
Measure lifetime (years) 15 15 0% 
Measure life reference BCR MA TRM N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – preexisting Single – preexisting N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A operates N/A 

N/A = Not applicable 

M2 (app. id: 10233469) 
The evaluators classified the pipe replacement and insulation measure as a retrofit with dual baseline. The evaluators 
calculated the applicant and evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 = 𝐶𝐶𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = evaluated lifetime savings (therm) 

𝐶𝐶𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 (years) 

OYF = 90% for this dual baseline measure. 

The evaluated lifetime savings are lower than the tracking lifetime savings because the evaluated first year savings are 
lower than the tracking first year savings. Table 3-4 provides a summary of key factors that influence the lifetime savings. 

Table 3-4. Measure 10232469 - lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 748,675 352,799 N/A 
First year savings (therms) 29,947 15,120 -50% 
Measure lifetime (years) 25 25 0% 
Measure life reference Project BCR Project BCR N/A 
Measure event type Retrofit Retrofit N/A 
Baseline classification Single – preexisting Dual – preexisting N/A 
Outyear factor (OYF) 100% 90% -10% 
Measure status (operates or removed) N/A operates N/A 

N/A = Not applicable 
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M3 (app. id: 10393956) 
Because the underlying steam boilers will outlive the installed measure, the evaluators classified this insulation measure as 
an add-on with a single baseline. The evaluators calculated the applicant and evaluated lifetime savings values using the 
following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 = 𝐶𝐶𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = evaluated lifetime savings (therm) 

𝐶𝐶𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 (years) 

OYF = 100% for this single baseline measure. 

The evaluated lifetime savings are higher than the tracking lifetime savings because the evaluated first year savings are 
higher than the tracking first year savings. Table 3-5 provides a summary of key factors that influence the lifetime savings. 

Table 3-5. Measure 10393956 - lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 285,073 314,394 N/A 
First year savings (therms) 19,005 20,960 10% 
Measure lifetime (years) 15 15 0% 
Measure life reference BCR MA TRM N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – preexisting Single – preexisting N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A operates N/A 

N/A = Not applicable 

M4 (app. id: 8858384) 
Because the underlying steam boilers will outlive the installed measure, the evaluators classified this insulation measure as 
an add-on with a single baseline. The evaluators calculated the applicant and evaluated lifetime savings values using the 
following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 = 𝐶𝐶𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = evaluated lifetime savings (therm) 

𝐶𝐶𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = evaluated first year savings (therm) 
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𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 (years) 

OYF = 100% for this single baseline measure. 

The evaluated lifetime savings are lower than the tracking lifetime savings because the evaluated first year savings are 
lower than the tracking first year savings. Table 3-6 provides a summary of key factors that influence the lifetime savings. 

Table 3-6. Measure 8858384 - lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 88,542 85,862 N/A 
First year savings (therms) 5,903 5,724 -3% 
Measure lifetime (years) 15 15 0% 
Measure life reference BCR MA TRM N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – preexisting Single – preexisting N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A operates N/A 

N/A = Not applicable 

M4 (app. id: 8508984) 
The evaluators classified this insulation measure as a new construction with a code-compliant baseline. The evaluators 
calculated the applicant and evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 = 𝐶𝐶𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = evaluated lifetime savings (therm) 

𝐶𝐶𝐹𝐹𝑆𝑆𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝐸𝐸𝑚𝑚𝑠𝑠𝐸𝐸𝑏𝑏𝐸𝐸 (years) 

OYF = 100% for this single baseline measure. 

The evaluated lifetime savings are lower than the tracking lifetime savings because the evaluated first year savings are 
lower than the tracking first year savings. Table 3-6 provides a summary of key factors that influence the lifetime savings. 
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Table 3-7. Measure 8508984 - lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 76,464 95,580 N/A 
First year savings (therms) 5,098 6,372 -3% 
Measure lifetime (years) 15 15 0% 
Measure life reference BCR MA TRM N/A 
Measure event type New Construction Lost opportunity N/A 
Baseline classification Code baseline Code baseline N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
The are no ancillary impacts claimed for this project.  



 
 

DNV  –  www.dnv.com July 2, 2021 Page 1 
 

MA Custom Gas Evaluation 
Site-Specific Measurement and Verification Report 

 

Site ID: 2019N0538N 

Report Date: 07/02/2021 
Program Administrator National Grid 
Application ID(s) 10145328 
Project Type Retrofit 
Program Year 2019 
Evaluation Method Base + Add-on#3 (standard M&V evaluation) 
Evaluation Firm DNV 

 

Evaluation Engineer Darrell Marley 

Senior Engineer George Sorin Ioan 

 



 
 

DNV  –  www.dnv.com July 2, 2021 Page 2 
 

1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project consisted of the installation of insulating jackets on steam pipe fittings, valves, and heat exchangers 
that were previously uninsulated and was installed at 13 buildings of a college campus. Two 20.4 MBH gas-fired boilers 
provide 8.5 psi steam for space heating and service hot water. The underground piping system (from the boiler plant to the 
pressure regulating valves), is pressurized 8760 hours per year. The applicant determined the measure savings by 
calculating the rate of heat loss for bare metal and insulated conditions from spot temperature readings and operating hours 
reported by the boiler plant operator using a spreadsheet analysis that includes proprietary information on the surface area 
of the various piping component types and sizes. 

During the initial interview with the site contact, the evaluators learned the steam system operation will be typical and the 
site does not have any COVID-19 related restrictions. Based on those details, the evaluators elected to evaluate the site 
using a Base+Add-on#3 (standard M&V) method. 

The evaluators determined the measure is as an add-on with a single baseline. The measure baseline is single because the 
life of the installed measure (15 years) is less than 2/3 of the life of the steam system (25 years). The baseline is the 
preexisting condition of bare pipe and fittings. The savings were less than the reported tracking value primarily because the 
applicant did not follow the American Society for Testing and Materials (ASTM) C680 standard to calculate the baseline and 
proposed heat loss rate. The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 

Measure 
Life 

(years) 

Lifetime 
Savings 
(Therms) 

10145328 Insulating jackets Tracked 42,436 15 636,540 

Evaluated 19,708 15 295,625 
Realization rate 46% N/A 46% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are 54% less than the applicant-reported savings primarily because the applicant did not follow the 
ASTM C680 standard when calculating the heat loss rate. In addition, an asbestos removal project in one of the buildings six 
months after the installation required the removal of seventeen jackets (due to contamination) that were not replaced. 
Further details regarding deviations from the tracked savings are presented in Section 3-1. 

1.2 Recommendations for program designers and implementers 
The evaluators recommend the applicant to reference ASTM C680 standard to calculate heat loss rates for bare and 
insulated surfaces.  

1.3 Customer alert 
There are no customer alerts at this time. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of the installation of one hundred seventy-seven 1.5-inch insulating jackets on pipes, valves, pipe 
fittings, and heat exchangers. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
According to the savings analysis file provided by the applicant, steam pressure is maintained for 8760 hours per year, and 
piping system temperatures are constant except for buildings that steam is not the source of heat for service hot water or 
cooking. In buildings with no service hot water for cooking, the applicant used 5000 hours per year for the energized hours 
of the impacted pipes and equipment. The baseline is the uninsulated piping system. Table 2-1 presents the main 
parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Boiler plant operation 8760 hours per year 
Piping/ fittings energized hours 8,760 hours – 97 line items 

5,000 hours – 35 line items 
 

Surface temperatures range between 180° and 220°  
180° - 190° for hot water – 4 line items 
 200° - 220° for steam – 128 line items 

Ambient temperatures 75° - 33 line items 
78° - 23 line items  

80° - 51 line items 
85° - 25 line items 

Total impacted surface area (without pipes and elbows) 594.6 sq.ft. 
Total impacted pipe and elbow surface area 825.4 sq.ft. 
Total impact pipe and elbow equivalent length 497 ft 
Boiler efficiency 100% 

2.2.1 Applicant description of installed equipment and operation 
A total of 132 custom-fitted removable insulated jackets were installed on valves, heat exchangers, and pipe sections in 
unconditioned basements of buildings throughout the campus. 97 of the totals are at locations energized 8760 hours per 
year, and the remaining 35 locations for 5000 hours. 

2.2.2 Applicant energy savings algorithm 
The applicant’s vendor calculated the savings using a custom analysis spreadsheet. The heat loss rate for each line item 
was quantified using the vendor’s proprietary spreadsheet-based calculator. The calculator uses the following formulae to 
calculate annual heat loss values: 
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∆𝑄𝑄 =  �
𝐾𝐾 × ∆𝑇𝑇 × 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 × 𝐻𝐻𝐻𝐻𝐻𝐻𝐴𝐴𝐻𝐻

�𝐿𝐿 + 𝐾𝐾
𝐻𝐻𝑡𝑡
� × 100000

  

where, 
∆𝑄𝑄  = annual heat loss (therms/year) 
𝐾𝐾 = thermal conductivity (Btu/h ft2 °F); (26.9 for bare tanks/fittings/pipes and 0.525 for insulated 

tanks/fittings/pipes) 
∆𝑇𝑇  = surface temperature – ambient temperature  
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴  = surface area (square feet) 
𝐻𝐻𝐻𝐻𝐻𝐻𝐴𝐴𝐻𝐻 = annual operating hours (8760 hours per year at 134 locations and 5000 hours per year at 33 

locations) 
𝐿𝐿  = insulation thickness (1.5 inch of fiber glass, 0” if bare) 
𝐻𝐻𝑡𝑡 = combined (conduction, convection, and radiation) heat loss coefficients (3.2 Btu/h ft² °F, 

calculated at 300 °F) 
100000  = conversion factor (1 therm = 100,000 Btu) 

Using the formula above, annual heat losses were calculated for bare condition (no insulation) and insulated condition. 
Finally, the annual gas savings was calculated as: 

𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 = ∆𝑄𝑄𝑠𝑠𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 𝑐𝑐𝑐𝑐𝑠𝑠𝑖𝑖𝑠𝑠𝑡𝑡𝑠𝑠𝑐𝑐𝑠𝑠 −  ∆𝑄𝑄𝑏𝑏𝑠𝑠𝑏𝑏𝑖𝑖 𝑐𝑐𝑐𝑐𝑠𝑠𝑖𝑖𝑠𝑠𝑡𝑡𝑠𝑠𝑐𝑐𝑠𝑠 

The vendor submitted analysis does not account for the boiler efficiency when calculating the annual gas savings. The 
project documents include a spreadsheet calculation file that calculates heat loss from bare and insulated surfaces using 
proprietary surface pipe fixture surface area data and two site specific data elements: 

- One-time surface and ambient temperature measurements 

- Energized hours per boiler plant operator 

Figure 2-1 shows a screenshot from the applicant savings calculation file. 
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Figure 2-1. Applicant savings calculations 

 
Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
Overall, the evaluators found the applicant savings methodology to be inappropriate. The applicant’s heat loss calculation 
used a heat loss equation containing a combined coefficient for convection, conduction and radiation losses. Based on the 
findings included in the Vendor Insulation Savings Calculator study (MA20C14-G-INSUL), the heat loss calculation that the 
applicant used for this project did not reference the ASTM C680 standard, which is a standard describing the established 
methodology for computer programs to calculate heat loss values for bare and insulated surfaces. In addition, the baseline 
model was not normalized to TMY3 weather data, the boiler efficiency was not part of the calculation and the examination of 
the applicant’s calculations showed an error in the calculated surface area of seven pipe sections. 

2.3 On-site inspection and metering 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
Prior to visiting the site, the evaluators held conversations with the boiler plant operator and the facilities manager in which 
they were informed of the asbestos removal project (accounted for 13 line items in the savings calculation spreadsheet) and 
the rationale for the 8760 and 5000 annual energized hours. During the conversation, the evaluators also confirmed with the 
site contact that the boiler efficiency is approximately at 82%. The evaluators conducted a site visit on March 5, 2021. During 
the site visit, the evaluators observed the boilers in operation, the installed jackets, installed thermocouple loggers beneath 
the insulation jackets, and observed the logger readings. A summary of the on-site verification is provided in Table 2-2. 

Qty Location Description / Location

Meas. Ambient Area

Operating 
Hours

Bare Bare2 Bare3 Insulated Insulated4 Insulated5

Anticipated 
Annual Fuel 
Cost Savings

Surface Temp. (Ea.) Heat Loss Heat Loss Heat Loss Heat Loss Heat Loss Oper. Cost
Temp. (Sq.ft.) (BTU/Hr) (MMBTU/Year) ($/Year) (BTU/Hr) (MMBTU/Year) ($/Year)

2 Boiler Rm 6"Ø x 16" Level Control 220 85 2.49 8760 2151.36 18.85 188.46 212.11 1.86 18.58 169.88
4 Boiler Rm 12" Valve,Gate,250# 220 85 24.10 8760 41644.80 364.81 3648.08 4105.83 35.97 359.67 3288.41
3 Boiler Rm 3" Valve,Gate,250# 217 85 4.39 8760 5563.01 48.73 487.32 548.47 4.80 48.05 439.27
1 Boiler Rm 8" Valve,Gate,250# 221 85 13.50 8760 5875.20 51.47 514.67 579.25 5.07 50.74 463.93
2 Boiler Rm 8" Blind Flange Cap,300# 220 85 7.25 8760 6262.27 54.86 548.58 617.41 5.41 54.08 494.49
1 Boiler Rm 6" Valve,Gate,250# 218 85 4.90 8760 2085.44 18.27 182.68 205.61 1.80 18.01 164.67
1 Boiler Rm 12" Elbow, Weld 220 85 7.86 8760 3397.65 29.76 297.63 334.98 2.93 29.34 268.29
1 Boiler Rm 1.5"-THRD 4 Fitting Assembly 200 85 3.08 8760 1133.44 9.93 99.29 111.75 0.98 9.79 89.50
1 Boiler Rm 1.5" NPT Spence EMain Pressure Regulating Valve 200 85 4.60 8760 1692.80 14.83 148.29 166.90 1.46 14.62 133.67
1 Boiler Rm 4" Flange, 150# 200 85 2.38 8760 875.66 7.67 76.71 86.33 0.76 7.56 69.14
2 Boiler Rm 2"-THRD 3 Fitting Assembly 217 85 2.70 8760 2280.96 19.98 199.81 224.88 1.97 19.70 180.11
2 Boiler Rm 2"-THRD 2 Fitting Assembly 216 85 1.80 8760 1509.12 13.22 132.20 148.79 1.30 13.03 119.17
2 Boiler Rm 2" Valve,Ball 216 85 1.55 8760 1299.52 11.38 113.84 128.12 1.12 11.22 102.61
1 Boiler Rm 6" Blind Flange Cap,150# 216 85 3.88 8760 1625.78 14.24 142.42 160.29 1.40 14.04 128.38
1 Boiler Rm 1.5"-THRD 2 Fitting Assembly 202 85 1.54 8760 576.58 5.05 50.51 56.85 0.50 4.98 45.53
1 Boiler Rm 1"-THRD 2 Fitting Assembly 223 85 1.20 8760 529.92 4.64 46.42 52.25 0.46 4.58 41.84
1 Boiler Rm 1.5"-THRD 2 Fitting Assembly 225 85 1.54 8760 689.92 6.04 60.44 68.02 0.60 5.96 54.48
1 Boiler Rm 1.5"-THRD 2 Fitting Assembly 225 85 1.54 8760 689.92 6.04 60.44 68.02 0.60 5.96 54.48
1 Boiler Rm 1.5"-THRD 3 Fitting Assembly 225 85 2.31 8760 1034.88 9.07 90.66 102.03 0.89 8.94 81.72
1 Science Bld 5" Valve,Gate,250# 225 85 7.76 8760 3476.48 30.45 304.54 342.75 3.00 30.03 274.51
1 Science Bld 5" Elbow , Weld 225 85 1.43 8760 640.55 5.61 56.11 63.15 0.55 5.53 50.58
3 Science Bld 5" Pipe, IPS per Linear Foot 225 85 1.45 8760 1948.80 17.07 170.71 192.14 1.68 16.83 153.88
1 Science Bld 5" Elbow, Flng, 150# 225 85 6.66 5000 2983.68 14.92 149.18 294.17 1.47 14.71 134.48
2 Science Bld 2"-THRD 3 Fitting Assembly 225 85 2.70 5000 2419.20 12.10 120.96 238.51 1.19 11.93 109.03
2 Science Bld 2" Steam Trap, Lg. 225 85 3.50 5000 3136.00 15.68 156.80 309.18 1.55 15.46 141.34
1 Library 1.5"-THRD 3 Fitting Assembly 220 80 2.31 8760 1034.88 9.07 90.66 102.03 0.89 8.94 81.72
1 Library 2"-THRD 3 Fitting Assembly 220 80 2.70 8760 1209.60 10.60 105.96 119.26 1.04 10.45 95.51
1 Library 1.5" THRD-Control Valve 220 80 1.50 8760 672.00 5.89 58.87 66.25 0.58 5.80 53.06
1 Library 1.5"-THRD 2 Fitting Assembly 220 80 1.54 8760 689.92 6.04 60.44 68.02 0.60 5.96 54.48
1 Library 2"-THRD 2 Fitting Assembly 220 80 1.80 5000 806.40 4.03 40.32 79.50 0.40 3.98 36.34
1 Library 2"-THRD 2 Fitting Assembly 220 80 1.80 5000 806.40 4.03 40.32 79.50 0.40 3.98 36.34
1 Library 2"-THRD 2 Fitting Assembly 220 80 1.80 5000 806.40 4.03 40.32 79.50 0.40 3.98 36.34
1 Library 5" Ø x 14" Heat Exchanger - Head 143 80 1.40 5000 282.24 1.41 14.11 27.83 0.14 1.39 12.72
1 Library 5" Flange, 150# 220 80 2.84 5000 1271.87 6.36 63.59 125.40 0.63 6.27 57.32
1 Library 12"Øx96"L  Heat Exchanger - Body 143 80 26.70 5000 5382.72 26.91 269.14 530.69 2.65 26.53 242.60
1 Library 14" Ø Heat Exchanger Head 143 80 5.80 5000 1169.28 5.85 58.46 115.28 0.58 5.76 52.70
1 Library 3"-THRD 2 Fitting Assembly 220 80 3.02 5000 1352.96 6.76 67.65 133.39 0.67 6.67 60.98
1 Library 2"-THRD 2 Fitting Assembly 220 80 1.80 5000 806.40 4.03 40.32 79.50 0.40 3.98 36.34
2 Library 2"-THRD 3 Fitting Assembly 220 80 2.70 5000 2419.20 12.10 120.96 238.51 1.19 11.93 109.03
2 Library 2" Steam Trap, Lg. 220 80 3.50 5000 3136.00 15.68 156.80 309.18 1.55 15.46 141.34
1 Library 5" Flange, 150# 220 80 2.84 5000 1271.87 6.36 63.59 125.40 0.63 6.27 57.32
1 Dormatillo 4" Valve,Globe,150# 221 80 4.68 8760 2111.62 18.50 184.98 208.19 1.82 18.24 166.74
2 Dormatillo 4" Reducer 221 80 1.18 8760 1064.83 9.33 93.28 104.98 0.92 9.20 84.08
1 Dormatillo 2.5" Strainer,150# 221 80 2.97 8760 1340.06 11.74 117.39 132.12 1.16 11.57 105.82
4 Dormatillo 2.5" 250# Spence EMain Pressure Regulating Valve 221 80 5.20 8760 9384.96 82.21 822.12 925.28 8.11 81.05 741.07
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Table 2-2. Measure verification 
Measure Name Verification Method Verification Result 
Insulation jackets Visually verify boiler plant 

operation and, installed jackets 
and install thermocouples and 
data loggers to measure surface 
temperatures and energized 
hours. 

Both 20.4 MBH boilers were running. The insulation jackets were 
installed. Six months after the project installation, seventeen 
removed jackets as part of the asbestos project were 
reconfirmed and loggers installed. A range of temperatures were 
observed with a few substantially lower than the applicant’s spot 
readings. 

Photo 2-1 shows the boiler nameplate of one of the two identical boilers. 

Photo 2-1. Boiler nameplate 

 
Photo 2-2 shows the pressure gauges at boilers 1 and 2. 

Photo 2-2. Boiler pressure gauges 
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Photo 2-3 shows an example of the installed insulating jackets. 

Photo 2-3. Insulating jacket 

 
Photo 2-4 shows the temperature reading of a permanently installed thermometer observed during site visit. 

Photo 2-4. Thermometer reading 

 

2.3.2 Measured and logged data 
Five thermocouples were installed with data loggers programmed to record pipe surface temperature at ten-minute intervals 
(one failed after a few days). Table 2-4 summarizes the logger deployment details.  

Table 2-3. Data logger deployment details 
Data Logger Type Parameter Time Interval Duration Quantity 
HOBO UX100-014 logger with one thermocouple probe Surface temperature 10 minutes 10 weeks 5 

The loggers feature a display that shows the temperature reading for the current interval. Three loggers were deployed at 
steam valves. Photo 2-5 shows the reading of a logger installed at a steam valve. 
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Photo 2-5. Steam valve temperature reading 

 

The remaining two loggers were installed at heat exchangers. Photo 2-6 shows the reading at a heat exchanger at the time 
of deployment. 

Photo 2-6. Heat exchanger temperature reading 

 

The loggers were removed and downloaded on 5/12/2021. The raw data was reviewed to identify potential weather-related 
effects before deciding on the most appropriate analysis path. The evaluators determined the heat exchangers were not 
subject to weather influence, but the other fixtures were. Figures 2-2 and 2-3 show the raw data for each metered fixture 
type. 
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Figure 2-2. Steam valve temperature data

 
Temperature values presented in Figure 2-2 above range between 120°F and 215°F and decrease towards the end of the 
metering period. This pattern indicates the steam valves were energized more at the beginning of the metering period. 
Based on the metered data, the evaluators calculated the average surface temperature for the non-heat-exchanger surfaces 
to be 206°F. 

Figure 2-3. Heat exchanger temperature data

 
Temperature values presented in Figure 2-3 above range mostly between 130°F and 150°F and feature a similar pattern 
throughout the metering period. Based on the metered data, the evaluators calculated the average surface temperature for 
the heat-exchangers surfaces to be 144°F. 

The evaluators used metered surface temperature data to determine annual pressurized hours and bare surface 
temperature. The steam fixture temperature data showed increasing intervals of lower surface temperatures as the season 
progressed from March to May indicating the steam distribution operation is weather dependent. The evaluator determined 
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the two metered steam fixtures are energized when the metered surface temperature was greater than 150°F (assigned a 
value of 1 for that 5-minute sampling interval) and then averaged the values over each hour between Mar 6, 2021 and May 
10, 2021. Then, the evaluators used local hourly outdoor air temperature (OAT), data for Norwood MA during the metering 
period and converted the hourly temperature values to heating degree hours (HDH) to compare with the energized fraction 
of each hour. Figure 2-4 below shows one of the metered steam fixtures is continually energized when HDH values are 
above 20°F and energized less when HDH values go below 20°F. The metered data for the other metered steam fixture 
shows a similar profile. 

Figure 2-4. Steam fixture #1 energized state versus heating degree hours – over the metering period 

 

For HDH values smaller than 20°F, the evaluators regressed the % time against the HDH. Figure 2-5 shows the plot and 
resulting line equation for % time as a function of HDH. 

Figure 2-5. Steam fixture #1 energized state versus heating degree hours – when HDH was less than 20°F

 
For steam fixtures, the evaluators calculated the annual energized hours using the following approach: 
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- for HDH < 20°F, the evaluators used the regression presented in Figure 2-5 above and the TMY3 data for Norwood 
MA. 

- for HDH ≥ 20°F, the steam fixtures are continuously energized. 

The average operating hours of steam fixtures is 5,040 hours per year. The evaluators used this calculated value for all 
steam fixtures with 5,000 operating hours. The evaluators were not able to install loggers on the steam fixtures with 8,760 
hours, for these steam fixtures, the evaluators used the applicant value as the evaluated energized hours.  

For the heat exchanger loop, because the metered data shows the pipes are energized continuously, the operating hours is 
8760 hours per year. 

Table 2-5 presents the evaluators’ findings based on the site visit and metered data. 

Table 2-5. Evaluators’ findings 

Hot Surface 
Surface Area 

(Length) 
Number of 
Line Items 

Surface 
Temperature (°F) 

Ambient 
Temperature (°F) 

Operating 
Hours 

Steam fixtures 450 sq.ft. 86 206 

75 – 25 line items 
78 – 6 line items 

80 – 33 line items 
85 – 22 line items 

8,760 

Heat-exchangers 61 sq.ft. 8 144 
75 – 1 line item 
78 – 1 line item 
80 – 6 line items 

8,760 

Pipes and elbows 497 ft 7 206 75 – 7 line items 5,040 

Steam fixtures 54 sq.ft. 18 206 

75 – 7 line items 
78 – 3 line items 

80 – 12 line items 
85 – 3 line items 

5,040 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 
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2.4.1 Evaluation description of baseline 
Based on the information provided in the project files and by the site contact, the evaluators determined this measure is an 
add-on with a single baseline. The baseline is single because the life of the installed measure (15 years) is less than 2/3 of 
the life of the underlying system (25 years). The baseline is the preexisting conditions of bare pipe and pipe fittings. Table 2-
6 presents the evaluators’ baseline input parameters. 

Table 2-6. Evaluator’s baseline summary 
Operation Description Value 
Boiler plant operation 8760 hours per year 
Piping/ fittings energized hours 8,760 hours – 94 line items 

5,040 hours – 25 line items 
Surface temperatures 144° – 8 line items 

 206° – 111 line items 
Ambient temperatures 75° - 33 line items 

78° - 10 line items  
80° - 51 line items 
85° - 25 line items 

Total impacted surface area (without pipes and elbows) 504 sq.ft. 
Total impact pipe and elbow equivalent length 497 ft 
Boiler efficiency 82% 

2.4.2 Evaluation calculation method 
The evaluators calculated the project impacts using 3EPlus, which is a software that calculates heat loss values for bare and 
insulated surfaces using ASTM C680 standard. All input parameters that the evaluators used in 3EPlus were developed 
using metered data and on-site findings.  

The surface temperatures, normalized hours, and component surface areas were entered into 3EPlus software to calculate 
the evaluated annual savings. Insulated components that were grouped by surface temperature, annual energized hours, 
and total square feet are presented in Table 2-7. 

Table 2-7. 3EPlus inputs and results 
Surface 

Temperature 
(°F) 

Ambient 
Temperature 

(°F) 

Insulated Heat 
Loss 

(Btu/hr/sqft) 

Bare Metal Heat 
Loss 

(Btu/hr/sqft) 
Annual 
Hours 

Total (sq.ft./ 
ft) 

Savings 
(therms/year) 

206 85 256.5 20.1 8,760 103 2,607 
206 85 256.5 20.1 5,040 13 187 
206 80 267.1 20.8 8,760 113 2,963 
206 80 267.1 20.8 5,040 30 459 
144 80 114.0 9.8 8,760 52 578 
206 78 271.3 21.1 8,760 26 686 
206 78 271.3 21.1 5,040 11 166 
144 78 117.8 10.1 8.760 6 67 
206 75 277.7 21.5 8,760 148 4,038 
144 75 123.5 10.5 8,760 3 34 
206 75 390 36 5,040 497 linear feet 7,923 

The evaluated annual savings are 19,708 therms and represent 46% of the tracked annual natural gas savings. 

2.4.3 Cross-check with utility billing data 
Billing data was not available for this site.  
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3 FINAL RESULTS 
The project consisted of installing 177 insulating jackets on pipe sections and fittings. The applicant classified the project as 
a retrofit with preexisting conditions as baseline and calculated savings using a proprietary spreadsheet calculator. The 
evaluators were able to compare the savings results using the same methodology, but also used 3EPlus software to 
calculate the annual savings. The evaluators calculated savings using weather-normalized hours. The evaluated savings are 
less than the reported values. The parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Parameter Applicant Evaluator 
Energized hours 8,760 hours – 97 line items 

5,000 hours – 35 line items 
8,760 hours – 94 line items 
5,040 hours – 25 line items 

Average surface temperature range between 180°F and 220°F 
180° - 190° for hot water – 4 line items 

 200°F - 220°F for steam – 128 line items 

144°F – 8 line items 
 206° F– 111 line items 

Ambient temperature 75°F - 33 line items 
78°F - 23 line items  
80°F - 51 line items 
85°F - 25 line items 

75°F - 33 line items 
78°F - 10 line items  
80°F - 51 line items 
85°F - 25 line items 

Total impacted surface area (without pipes 
and elbows (sq.ft.)  

594.6 504 

Total impacted pipe and elbow surface area 
(sq.ft.) 

825.4. 825.4 

Total impact pipe and elbow equivalent length 
(ft) 

497 497 

Boiler efficiency Not accounted for 82% 

3.1 Explanation of differences 
The evaluated savings are less than the tracked savings, primarily because the applicant did not follow the ASTM C680 
standard when calculating the heat loss value of the impacted pipe and equipment. Table 3-2 provides a summary of the 
differences between tracking and evaluated values. 
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Table 3-2. Summary of deviations 

End-use Discrepancy Parameter 
Impact of 
Deviation Discussion of Deviations 

HVAC Analysis 
methodology 

Modeling 
approach 

-54% Decreased savings – The applicant did not follow the ASTM 
C680 standard when calculating the heat loss value. The 
evaluators used 3EPlus modeling software which follows the 
ASTM C680 standard when calculating the heat loss values. 

HVAC Pre-project 
errors (inputs 
or calculations) 

Boiler 
efficiency 

+22% Increased savings – In the savings calculations, the applicant 
did not account for the boiler efficiency. 

HVAC Measure size 
or quantity 

Surface 
area 

-10% Decreased savings ‒ Due to the asbestos removal project, a 
total of 90 sq.ft. of hot surfaces were removed from the savings 
analysis, which resulted in decreased savings. 

HVAC Pre-project 
errors (inputs 
or calculations) 

Surface 
temperature 

-9% Decreased savings – Applicant average surface temperature 
is 209°F, while the metered data shows the average 
temperature is 202°F. 

HVAC Pre-project 
errors (inputs 
or calculations) 

Hours of 
operation 

-3% Decreased savings – Applicant listed 97 line items with 8760 
hours per year and 35 line items for 5,000 hours. For line item 
with 5,000 hours, metered data shows that the evaluated hours 
were 5,040. 

3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as an add-on with a 
single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 = 𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖)]  

where: 

𝐿𝐿𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑠𝑠𝑠𝑠𝑖𝑖𝑖𝑖𝑠𝑠𝑡𝑡𝑖𝑖𝑖𝑖 (years) 

OYF = 100% for single-baseline measures. This factor accounts for dual-baseline 
impacts. 

The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated first year savings are 
smaller than the tracking first year savings. Table 3-3 provides a summary of key factors that influence the lifetime savings. 



 
Page 15 of 15 
 

DNV  –  www.dnv.com July 2, 2021 Page 15 
 

Table 3-3. Measure 10145328 - Lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 636,540 295,625 N/A 
First year savings (therms) 42,436 19,708 -54% 
Measure lifetime (years) 15 15 0% 
Measure life reference Tracking MA TRM for 

insulation 
N/A 

Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
There are no ancillary impacts associated with natural gas use. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project consisted of the installation of a reverse osmosis system (RO system) at a large food processing 
facility. The process consists of passing liquid fruit through a two-stage evaporation system to create concentrated fruit juice. 
The evaporation system uses steam generated by 83.3% efficient gas-fired boilers. 

The RO system “filters” out water from the product so that the process required concentration of juice fruit is achieved in lieu 
of the first stage - the evaporation. The second stage of evaporation then takes the product and reduces the water content 
further, creating a highly concentrated juice fruit that is sold to customers. The RO system only uses electricity for the pumps 
and thereby eliminates the natural gas consumption used by the first stage of the evaporation. The installed equipment 
operates for 8,760 hours per year. 

The applicant classified the project as a retrofit with a single baseline. The applicant defined the baseline as the pre-existing 
condition (the process that used the first stage of evaporation). The applicant calculated the measure savings by comparing 
the efficiency of the installed system (reported 0.085 therm/kg of finished product) with the efficiency of baseline system 
(0.159 therm/kg of finished product). 

The facility is currently not accepting visitors due to COVID-19 risks and could not provide metered data for the impacted 
production line. Because of those reasons, the evaluator conducted a virtual visit (as part of the Base evaluation method) 
through a video call to confirm installation of the measure. 

Based on information provided in the project files and discussion with the site contact, the evaluator determined the measure 
is an add-on with a single baseline. The baseline is single because the life of the installed measure (15 years) is less than 
2/3 of the life (25 years) of the underlying system. The first baseline is the pre-existing condition (the process that used the 
first stage of evaporation. The evaluators calculated the measure impacts using the same methodology used by the 
applicant. The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA 
Application ID Measure Name  

Savings 
(Therms/yr) 

Measure 
Life (years) 

Lifetime Savings 
(Therms) 

9140004 Reverse osmosis system Tracked 230,366 15 3,455,490 

Evaluated 230,366 15 3,455,490 
Realization rate 100% N/A 100% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
There are no deviations from the tracking savings values. Further details regarding findings from the virtual visit are 
presented in Section 2.3. 

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There are no customer alerts at this time.
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of installation of a reverse osmosis system as part of a fruit juice concentration process. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
The applicant classified the measure as a retrofit with a single baseline. The applicant baseline is the pre-existing conditions. 
The facility used evaporator systems to concentrate liquid into a fruit juice product. Steam from a central boiler was delivered 
to the evaporators along with liquid at a low brix concentration. The pre-existing system fed liquid fruit pulp product at 3 brix 
to a nominal three effect evaporator. This evaporator removes 2.64 lbs of water from the product for every lb. of steam 
delivered to the evaporator. The final product leaving the evaporator is at 50 brix. Table 2-1 presents the main parameters of 
the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Boiler efficiency 83.3% 
Baseline brix of pre-concentrated juice 3.25 brix 
Target brix of concentrated juice 50 brix 
Juice production (gallons/year) – five-year average 7,628,355 
Evaporator effect 2.64 
Steam consumption (lbs/year) 22,577,986 

2.2.1 Applicant description of installed equipment and operation 
The proposed system includes a RO system to concentrate the initial product from 3.25 brix to 16 brix, thereby eliminating 
the first-stage of evaporation, which reduces the natural gas consumption used to generate steam for heating the 
evaporator. 

Table 2-1 presents the main parameters of the baseline as defined by the applicant. 

Table 2-2. Applicant baseline summary 
Operation Description Value 
Boiler efficiency 83.3% 
Baseline brix of pre-concentrated juice (entering RO system) 3.25 brix 
Target brix of concentrated juice 50 brix 
Juice production (gallons/year) – five-year average 7,628,355 
Evaporator effect 2.64 
Brix value of pre-concentrated juice (exiting RO system) 16 brix 
Steam consumption (lbs/year) 3,335,384 
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2.2.2 Applicant energy savings algorithm 
Applicant’s savings calculations are based on parameters such as annual product in gallons, boiler efficiency, evaporator 
effect (lb. of evaporated water /lb. of steam), historical brix into the evaporator / RO system, and target brix values coming 
out of the evaporator / RO. The main savings driver is the difference in brix ratio achieved from the RO pre-concentrating the 
liquid before it goes into the evaporator. The liquid is estimated to be 16 brix going into the evaporator rather than 3.25 brix. 
The following equations were used by the applicant to calculate the measure impacts: 

𝑁𝑁𝑁𝑁𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑁𝑁𝑁𝑁𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵 −  𝑁𝑁𝑁𝑁𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃 = �𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃� ×
 (ℎ𝑆𝑆𝑆𝑆𝐵𝐵𝑆𝑆𝑆𝑆 − ℎ𝐹𝐹𝐵𝐵𝐵𝐵𝑃𝑃𝐹𝐹𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃) 
100,000 × 𝐸𝐸𝐸𝐸𝐸𝐸𝐵𝐵𝑃𝑃𝑆𝑆𝐵𝐵𝐵𝐵𝑃𝑃𝑆𝑆   

 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵 =
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑆𝑆 − (𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑆𝑆 × 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵) 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃
 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃 =
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑆𝑆 − (𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑆𝑆 × 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃) 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃
 

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵 = steam consumption in the baseline case (22,577,986 lbs/year) 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃 = steam consumption in the proposed case (3,335,384 lbs/year) 

ℎ𝑆𝑆𝑆𝑆𝐵𝐵𝑆𝑆𝑆𝑆  = specific enthalpy of steam (1188.55 Btu/lb at 90 psi) 

ℎ𝐹𝐹𝐵𝐵𝐵𝐵𝑃𝑃𝐹𝐹𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃 = feedwater specific enthalpy (138 Btu/lb at 212°F) 

𝐸𝐸𝐸𝐸𝐸𝐸𝐵𝐵𝑃𝑃𝑆𝑆𝐵𝐵𝐵𝐵𝑃𝑃𝑆𝑆   = steam boilers efficiency (83.3%) 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑆𝑆  = juice production (7,628,355 gallon/year) 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃 = evaporator’s effect (2.64 lb water / lb steam) 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵 = baseline ratio between the brix value of pre-concentrated juice and the target brix value of the 
final concentrated juice product (3.25 brix:50 brix) 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃 = proposed ratio between the brix value of pre-concentrated juice and the target brix value of the 
final concentrated juice product (16 brix:50 brix) 

2.2.3 Evaluation assessment of applicant methodology 
The evaluators reviewed the project files and calculators and agree with the applicant savings methodology. 

2.3 Virtual Inspection 
The facility is currently not accepting visitors due to COVID-19 risks and could not provide metered data for the impacted 
production line. Because of those reasons, the evaluator conducted a virtual visit through a video call to confirm installation 
of the measure. This section provides details on the tasks performed during the virtual site visit and the gathered data. 
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2.3.1 Summary of on-site findings 
The evaluators conducted a virtual site visit on March 12, 2021 through a video call. During the virtual site visit, the 
evaluators interviewed the facility custodian and verified information for the RO system and the boiler plant. The evaluators 
were able to visually confirm the RO system and took photos of the relevant equipment. A summary of the on-site 
verification is provided in Table 2-2. 

Table 2-2. Measure verification 
Measure Name Verification Method Verification Result 

Reverse Osmosis 
System 

Verify that the reverse osmosis 
system has been installed and 
matches name plate 
specifications 

Verified that the reverse osmosis system was installed and 
matched the applicant documentation. The site contact reported 
that the RO system was not used at the time of the virtual audit 
because the RO filters were clogged due to issues upstream of 
the RO system. The RO will be turned on once the filters will be 
replaced in Spring or Summer of 2021. 

The evaluators confirmed the baseline operating conditions and the installation of the RO system. The evaluators confirmed 
the installation of the measure and the operating parameters and set points with the site contact. The site contact indicated 
that, at the time of the video call, the RO system was not being used due to process issues upstream of the RO system. The 
facility contact reported that the RO system was currently clogged due to large food matter that resulted from a failed filter 
upstream of the RO system. The evaluated measure did not operate since December of 2020. The contact stated that the 
facility is scheduled to repair the RO system in the spring or summer of 2021 and bring the system back online. The 
evaluators conducted a verification of the installation of the RO system, and captured name plates that match with the 
applicant documentation. The evaluator requested production data, water meter readings, and equipment specifications but 
the contact could not provide the requested data. 

The facility contact reported that production of the juice product has remained consistent to a typical year. The facility 
contact confirmed that the brix target concentrations match the brix values reported in the applicant documentation. 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
Based on information provided in the project files and information provided by the site contact, the evaluator classified the 
measure as an add-on with a single-baseline. The baseline is single because the life of the installed measure (15 years) is 
less than 2/3 of the life (25 years) of the underlying system. The first baseline is the pre-existing condition as defined by the 
applicant. The pre-existing system fed liquid food product at 3.25 brix to a nominal three effect evaporator. This evaporator 
removes 2.64 lbs of water from the product for every lb. of steam delivered to the evaporator. The final product leaving the 
evaporator is at 50 brix. 

2.4.2 Evaluation calculation method 
To calculate the project impacts, the evaluator used the same methodology as the applicant. The target brix values were 
verified as part of the virtual visit and confirmed with the site contact. The main savings driver is the difference in brix ratio 
achieved from the RO pre-concentrating the liquid before it goes into the evaporator. The liquid is estimated to be 16 brix 
going into the evaporator rather than 3.25 brix. The following equations represent the annual gas savings algorithms used by 
the evaluator: 

𝑁𝑁𝑁𝑁𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 = 𝑁𝑁𝑁𝑁𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵 −  𝑁𝑁𝑁𝑁𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃 = �𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵 − 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃� ×
 (ℎ𝑆𝑆𝑆𝑆𝐵𝐵𝑆𝑆𝑆𝑆 − ℎ𝐹𝐹𝐵𝐵𝐵𝐵𝑃𝑃𝐹𝐹𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃) 
100,000 × 𝐸𝐸𝐸𝐸𝐸𝐸𝐵𝐵𝑃𝑃𝑆𝑆𝐵𝐵𝐵𝐵𝑃𝑃𝑆𝑆   
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𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵 =
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑆𝑆 − (𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑆𝑆 × 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵) 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃
 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃 =
𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑆𝑆 − (𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑆𝑆 × 𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃) 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃
 

where, 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵 = steam consumption in the baseline case (22,577,986 lbs/year) 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃 = steam consumption in the proposed case (3,335,384 lbs/year) 

ℎ𝑆𝑆𝑆𝑆𝐵𝐵𝑆𝑆𝑆𝑆  = specific enthalpy of steam (1188.55 Btu/lb at 90 psi) 

ℎ𝐹𝐹𝐵𝐵𝐵𝐵𝑃𝑃𝐹𝐹𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃 = feedwater specific enthalpy (138 Btu/lb at 212°F) 

𝐸𝐸𝐸𝐸𝐸𝐸𝐵𝐵𝑃𝑃𝑆𝑆𝐵𝐵𝐵𝐵𝑃𝑃𝑆𝑆   = steam boilers efficiency (83.3%) 

𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑉𝑆𝑆𝑆𝑆  = juice production (7,628,355 gallon/year) 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝑆𝑆𝑃𝑃𝑃𝑃 = evaporator’s effect (2.64 lb water / lb steam) 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵𝐵𝐵𝑆𝑆𝑆𝑆𝐵𝐵 = baseline ratio between the brix value of pre-concentrated juice and the target brix value of the 
final concentrated juice product (3.25 brix:50 brix) 

𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝐵𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑆𝑆𝐵𝐵𝑃𝑃 = proposed ratio between the brix value of pre-concentrated juice and the target brix value of the 
final concentrated juice product (16 brix:50 brix) 

The evaluated savings resulted from installing the evaluated measure is 230,366 therms/year which that represents 
approximately 18% of the pre-existing gas consumption at the facility. 

2.4.3 Cross-check with utility billing data 
Facility’s natural gas consumption is dependent on production. The applicant provided annual production data values for the 
years just before the evaluated project was installed. Annual production and the associated annual gas consumption are 
presented in Table 2-3. 

Table 2-3. Annual production and natural gas consumption summary 

Year Production (gallons/year) Billed Natural Gas Consumption (therms/year) 
2019 N.D. 1,160,173 

2018 N.D. 1,345,712 

2017 8,396,333 1,354,321 

2016 7,258,796 1,176,404 

2015 7,272,389 N.D. 

2014 7,695,611 N.D. 

2013 7,518,648 N.D. 

N.D. = No data 

The evaluator calculated the natural gas consumption per unit of production using the following formula: 

𝑐𝑐𝑆𝑆𝑐𝑐𝑐𝑐𝑉𝑉𝑆𝑆𝑐𝑐𝑆𝑆𝐵𝐵𝑉𝑉𝑐𝑐𝑢𝑢𝑆𝑆𝑆𝑆𝑆𝑆 =
𝐵𝐵𝐵𝐵𝑉𝑉𝑉𝑉𝑆𝑆𝐵𝐵𝐵𝐵𝑉𝑉𝑐𝑐𝑐𝑐𝑉𝑉𝑆𝑆𝑐𝑐𝑆𝑆𝐵𝐵𝑉𝑉𝑐𝑐
𝐽𝐽𝑉𝑉𝐵𝐵𝑐𝑐𝑆𝑆𝐽𝐽𝐵𝐵𝑉𝑉𝐵𝐵𝑉𝑉𝑐𝑐𝑆𝑆𝐵𝐵𝑉𝑉𝑐𝑐  
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where, 

𝑐𝑐𝑆𝑆𝑐𝑐𝑐𝑐𝑉𝑉𝑆𝑆𝑐𝑐𝑆𝑆𝐵𝐵𝑉𝑉𝑐𝑐𝑢𝑢𝑆𝑆𝑆𝑆𝑆𝑆  = natural gas consumption per unit of production (therms/gallon) 

𝐵𝐵𝐵𝐵𝑉𝑉𝑉𝑉𝑆𝑆𝐵𝐵𝐵𝐵𝑉𝑉𝑐𝑐𝑐𝑐𝑉𝑉𝑆𝑆𝑐𝑐𝑆𝑆𝐵𝐵𝑉𝑉𝑐𝑐 = annual billed natural gas consumption (therms/year) 

𝐽𝐽𝑉𝑉𝐵𝐵𝑐𝑐𝑆𝑆𝐽𝐽𝐵𝐵𝑉𝑉𝐵𝐵𝑉𝑉𝑐𝑐𝑆𝑆𝐵𝐵𝑉𝑉𝑐𝑐  = annual juice production (gallons/year) 

Using the formula above, the evaluator calculated the consumption per unit of production for the pre-installation and installed 
cases. The evaluator first calculated average annual production using available data (between 2013 and 2017). The average 
annual production is 7,628,355 gallons/year. Table 2-4 presents the pre- and post-install consumption per unit of production 

Table 2-4. Annual production and natural gas consumption summary 

Period 
Pre-installation 

(2013-2017) 
Post-installation 

(2019) Reduction 
Production (gallons/year) 7,628,355 7,628,355 0 

Average billed natural gas consumption (therms/year) 1,292,146 1,160,173 131,973 

Consumption (therms/gallon) 0.17 0.15 0.02 

The reduction in consumption per unit of production from the billing analysis was determined to be 0.02 therms/gal. The 
engineering analysis determined a 0.03 therms/gal reduction. The reduction in consumption per unit of production that was 
calculated using the billed consumption is 57% less than the reduction calculated using the engineering analysis. This 
difference could be due to differences in production between pre- and post-installation periods (production data for the post-
installation periods was not provided). Both the billing analysis and engineering analysis determined that the installation of 
the RO system resulted in natural gas savings. However, the evaluator used the results from the engineering analysis rather 
than the billing analysis due to the lack of more updated billing data and production data.  
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3 FINAL RESULTS 
The project consisted of installing a reverse osmosis system for a juice concentration process in a food production facility. 
The evaluators conducted a virtual visit of the facility through a video call and calculated the project savings using the same 
methodology used by the applicant. The evaluated savings are in-line with the savings reported by the applicant. The 
parameters impacting the analysis are summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Baseline Applicant Evaluator 
Boiler efficiency 83.3% 83.3% 
Baseline brix of pre-concentrated juice (entering RO system) 3.25 brix 3.25 brix 
Target brix of concentrated juice 50 brix 50 brix 
Juice production (gallons/year) - five year average 7,628,355 7,628,355 
Evaporator effect 2.64 2.64 
Steam consumption (lbs/year) 22,577,986 22,577,986 
Brix value of pre-concentrated juice (entering evaporator) 3.25 brix 3.25 brix 
As-built Applicant Evaluator 
Boiler efficiency Same as baseline 
Baseline brix of pre-concentrated juice (entering RO system) Same as baseline 
Target brix of concentrated juice Same as baseline 
Juice production (gallons/year) - five year average Same as baseline 
Evaporator effect Same as baseline 
Steam consumption (lbs/year) 3,335,384 3,335,384 
Brix value of pre-concentrated juice (entering evaporator) 16 Brix 16 Brix 
Savings 

  

Annual natural gas savings (therms) 230,366 230,366 
Natural gas realization rate 100% 

3.1 Explanation of differences 
There were no major discrepancies identified as part of the evaluation. 

3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as an add-on with a 
single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝑢𝑢𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃 = 𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝑢𝑢𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃  × [ 𝐵𝐵𝑅𝑅𝐿𝐿𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝑢𝑢𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝑢𝑢𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃 − 𝐵𝐵𝑅𝑅𝐿𝐿𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝑢𝑢𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃)]  

where: 

𝐿𝐿𝑆𝑆𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝑢𝑢𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝑆𝑆𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝑢𝑢𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝑢𝑢𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives or other adjustments or to 
account for equipment removal after one year. 

𝐵𝐵𝑅𝑅𝐿𝐿𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝑢𝑢𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝑆𝑆𝑆𝑆𝐵𝐵𝑢𝑢𝑆𝑆𝑆𝑆𝐵𝐵𝑃𝑃 (years) 
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OYF = 100% for single-baseline measures. This factor accounts for dual-baseline 
impacts. 

The evaluated lifetime savings are equal to the tracking lifetime savings. Table 3-2 provides a summary of key factors that 
influence the lifetime savings. 

Table 3-2. Measure 9140004 - Lifetime savings summary 
Factor Tracking Evaluator Impact of Deviation 
Lifetime savings (therms) 3,455,490 3,455,490 N/A 
First year savings (therms) 230,366 230,366 0% 
Measure lifetime (years) 15 15 0% 
Measure life reference Tracking TA Study N/A 
Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operational (*) N/A 

(*) = the measure was offline at the time of the evaluation but the facility is scheduled to bring the system back online in Spring or Summer of 2021 

3.2.1 Ancillary impacts 
Installation of the RO system results in an annual electric penalty of 41,305 due to the increased electric use for running the 
RO system. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project consisted of installing 107 doors (a total of 214 linear feet) on previously open refrigerated cases at a 
large supermarket with a central racked refrigeration system and RTUs equipped with natural gas furnaces to supply space 
heating. Natural gas savings result from the reduced heat gain from the space into the refrigerated cases, thus reducing the 
space heating load. 

The site contact indicated that the site’s operating hours were not impacted by COVID-19; however, same as most of other 
supermarkets, the facility was operating at a reduced occupancy for the majority of 2020. In addition, the site contact did not 
allow metering equipment to be installed. Therefore, the evaluators selected the base + add-on #1 evaluation method (on-
site verification with non-operational parameters adjustments only). 

The evaluators classified the project as an add-on with a single baseline because the measure life of the added doors is less 
than 2/3 of the measure life of the underlying refrigeration and HVAC systems. The evaluator agreed with the applicant 
baseline. The baseline was the preexisting conditions, consisting of 214 linear feet of open refrigerated cases without doors 
and space heating served by existing RTUs with gas-fired furnaces. 

The evaluators verified that all case doors included in the project scope were installed and functional as reported, and that 
the preexisting RTUs with gas-fired furnaces function as reported and are maintained in good condition. Therefore, the 
evaluated project savings are equal to the applicant-reported values, as the evaluators did not make non-operational 
adjustments. The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary 

PA Application ID Measure Name  
Savings 

(Therms/yr) 
Measure Life 

(years) 
Lifetime Savings 

(Therms) 
10192035 Refrigerated case 

doors 
Tracked 10,504 13 136,552 

Evaluated 10,504 13 136,552 
Realization rate 100% N/A 100% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are the same as the applicant-reported savings because the evaluators verified all non-operational 
parameters during a site visit, without any adjustments.  

1.2 Recommendations for program designers and implementers 
There are no recommendations at this time. 

1.3 Customer alert 
There is no customer alert at this time. 
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available. 

The project consisted of installing 107 doors (a total of 214 linear feet) on previously open refrigerated cases in a 
supermarket with gas-fired furnace for space heating. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

2.2 Applicant description of baseline 
According the savings analysis file provided by the applicant, the baseline is the preexisting condition, consisting of open 
refrigerated cases and the preexisting RTU with gas-fired furnace for space heating. Table 2-1presents the main parameters 
of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Width (linear feet) of open cases 214 
Space heating equipment RTU with gas-fired furnace 
Space heating efficiency 80% 
Refrigeration equipment Rack systems 
Space temperature setpoint 72°F for 24/7, without setbacks 
Average Infiltration load 1,197 Btu/hr-ft 
Average conduction load 133 Btu/hr-ft 

2.2.1 Applicant description of installed equipment and operation 
The applicant reported the installed condition as adding doors to all cases within the project scope, with the preexisting 
RTUs for space heating and the preexisitng refrigeration systems. HVAC setpoints were not impacted by this project. The 
average proposed infiltration load is 299 Btu/hr-ft and average proposed conduction load is 60 Btu/hr-ft.  

2.2.2 Applicant energy savings algorithm 
The applicant used eQuest Refrigeration v3.61to quantify the measure savings. The baseline and proposed models reflect 
the details that the applicant collected during a pre-project site audit, including dimensions, capacities, configuration and 
controls of the building envelope, HVAC, lighting and refrigeration systems. The applicant modified the infiltration rate and 
conduction rate in the model for impacted refrigerated cases to simulate the addition of case doors. The following inputs in 
the eQuest model were modified by the applicant:  

• INF-LOAD/LEN: 1,197 Btu/hr-ft in the baseline condition to 299 Btu/hr-ft in the proposed condition 

• CONDUCTION/LEN: 133 Btu/hr-ft in the baseline condition to 60 Btu/hr-ft in the proposed condition 

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The evaluators determined that the applicant’s methodology was appropriate, with the correct application of TMY3 data. 
eQuest modelling is appropriate to capture interactive HVAC savings from reduced infiltration into the previously open 
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cases. The applicant’s input values were informed by the pre-project on-site audit. The applicant’s methodology is consistent 
with the Smart Grocers program methodologies. 

2.3 On-site inspection and verification 
This section provides details on the tasks performed during the site visit and the gathered data. 

2.3.1 Summary of on-site findings 
The evaluators conducted a site visit on May 12, 2021. During the site visit, the evaluators interviewed the store manager 
and inspected all impacted equipment. A summary of the on-site verification is provided in Table 2-2. 

Table 2-2. Measure verification 
Measure Name Verification Method Verification Result 
Refrigerated case 
doors 

Inventory case doors installed as part 
of this project and test a sample for 
functionality and any gaps 

214 linear feet of doors were installed on refrigerated 
cases and functional. 

Refrigerated case 
doors 

Obtain nameplate information on RTUs 
with gas furnaces for space heating 

RTU count and nameplate information match those 
reported by the applicant. 

Refrigerated case 
doors 

Observe configuration and nameplate 
information on refrigeration system 

Two MT racks and one LT rack were verified to have 
the same configuration and nameplate information 
as indicated in the applicant’s pre-project audit 
report. 

Refrigerated case 
doors 

Inspect HVAC control display The space temperature setpoint is 72°F on most 
RTUs. 

Refrigerated case 
doors 

Interview store manager on impact of 
Covid-19 

Store manager indicated that the facility remained on 
the same sales schedule before and during Covid-
19, and remained open 24/7. 

Refrigerated case 
doors 

Interview store manager on any other 
project implemented within 1 year of 
the evaluated project 

Store manager confirmed that no other projects 
impacting energy savings were implemented from 
2018 to 2020. RTUs and refrigeration equipment 
were regularly maintained by contractors. 

The whole facility is served by one gas meter. Photos 2-1 and 2-2 show the verification on the installed refrigerated case 
doors. 

Photo 2-1. Installed case doors – 2’ width each 
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Photo 2-2. Installed case doors – no excessive gaps or condensation 

 

Photo 2-3 shows a typical RTU with natural gas line to the furnace. 

Photo 2-3. Typical RTU equipped with natural gas furnace 
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Photo 2-4 presents the control screen for a typical RTU, verifying the store’s space temperature setpoint of 72°F. 

Photo 2-4. Control Screen on RTU-2 (Typical) 

 

2.3.2 Measured and logged data 
The site contact did not allow the evaluators to deploy any metering equipment. The site does not have any energy 
management system from which trend data could be retrieved. 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator reviewed the project files and interviewed the site contact to gather information on the baseline. The 
evaluators determined the measure is an add-on with the preexisting conditions as the single baseline, which consists of 
preexisting refrigerated cases without doors, the preexisting refrigeration rack systems, and the preexisting RTUs with gas-
fired furnaces for space heating. The applicant and evaluated baselines are identical. 

2.4.2 Evaluation calculation method 
The evaluators found the applicant’s use of eQuest Refrigeration for modelling refrigeration/HVAC interactive gas savings 
appropriate and used the same methodology. Using findings from the site visit and discussions with the site contact, 
evaluators found the applicant’s non-operational inputs accurate and did not adjust the model. Because the evaluators could 
not meter data directly for this site, evaluators did not adjust any operational parameters. The evaluated savings are 10,504 
therms per year. 
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2.4.3 Cross-check with utility billing data 
The evaluators used billing analysis to verify the evaluated savings for this site due to the following factors:  

- The facility has not implemented any other natural gas savings project in the analyzed billing period 

- The tracking natural gas savings are greater than 10% of the annual billed natural gas consumption 

The evaluators collected natural gas billing data and normalized the consumption to the TMY3 weather data of the closest 
weather station to the facility (Barnstable, MA). Figure 2-1 compares the monthly billing data to the monthly heating degree 
days, which have 65°F as base temperature. 

Figure 2-1. Natural gas consumption from January 2018 to October 2020 

 

The evaluator included the natural gas consumption billed during the following periods:  

• January 2018 to September 2019 – baseline consumption 
• November 2019 to October 2020 – as-built consumption 

The evaluator created pre- and post-implementation regressions, shown in Figure 2-2, and applied them to Barnstable 
TMY3 weather data to determine the modeled baseline and as-built weather-normalized gas consumptions. 
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Figure 2-2. Baseline and as-built correlation with degree days 

 

The monthly billing analysis are presented in Table 2-3. 

y = 8.627770x + 489.610052
R² = 0.973228
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Table 2-3. Billing analysis results 

Month Days HDD-TMY3 
Weather Normalized -

Baseline 
Weather Normalized – As-

Built Savings (therm) 
1 31 905 8,625 8,300 325 
2 28 1,047 9,873 9,525 348 
3 31 792 7,630 7,323 306 
4 30 505 5,104 4,844 260 
5 31 359 3,824 3,588 236 
6 30 138 1,880 1,680 200 
7 31 27 909 727 182 
8 31 37 995 811 184 
9 30 130 1,807 1,609 199 
10 31 262 2,968 2,748 220 
11 30 626 6,172 5,893 279 
12 31 861 8,232 7,914 318 
Total 365 5,689 58,019 54,962 3,057 

The weather-normalized billing analysis indicated savings of 3,057 therms per year, which is less than the evaluated savings 
of 10,504 therms per year. The difference between the evaluated results is likely due to other impacts on natural gas end 
uses from the COVID-19 situation at the facility. During the pandemic, the facility was operating at a reduced occupancy, 
therefore, the refrigerated cases were likely utilized less often, which reduced the refrigerated air to the space and the space 
heating load. Because of the impacts from the COVID-19 situation, the evaluators determined that the billing analysis is not 
an appropriate methodology to evaluate this site. 
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3 FINAL RESULTS 
The project consisted of adding 214 linear feet of doors to previously open refrigerated cases in a supermarket. Natural gas 
savings result from the reduced space heating load as the infiltration into the refrigerated cases is reduced. The evaluators 
found the applicant’s savings methodology using eQuest Refrigeration modelling to be appropriate and adopted the same 
methodology with non-operational inputs verified through a site visit. The evaluators did not adjust any non-operational 
parameters. Therefore, the evaluated savings equal the reported values. The parameters impacting the analysis are 
summarized in Table 3-1. 

Table 3-1. Summary of key parameters 
Billing Applicant Evaluator 
Baseline gas usage – Oct 2018 through Sep 2019 (therms) N.D. 55,432 
As-built gas usage – Nov 2019 through Oct 2021(therms) N/A 49,194 
Weather-normalized modeled baseline gas usage (therms) N.D. 58,019 
Weather-normalized modeled as-built gas usage (therms) N.D. 54,962 
Baseline Applicant Evaluator 
Open cases total width 214 linear feet 214 linear feet 
Space heating equipment RTUs with gas-fired furnaces RTUs with gas-fired furnaces 

Space heating setpoint 72°F 72°F 
Heating efficiency 80% 80% 
Average Infiltration load 1,197 Btu/hr-ft 1,197 Btu/hr-ft 
Average conduction load 133 Btu/hr-ft 133 Btu/hr-ft 
As-Built Applicant Evaluator 
Total width of case doors installed 214 linear feet 
Space heating equipment Same as baseline 
Space heating setpoint Same as baseline 
Heating efficiency Same as baseline 
Average Infiltration load Same as baseline 
Average conduction load Same as baseline 
Savings 

  

Annual natural gas savings (therms) 10,504 10,504 
Natural gas realization rate 100% 

3.1 Explanation of differences 
The evaluated savings are equal to the tracked savings because the evaluators verified that the applicant’s models did not 
require non-operational adjustments. 

3.2 Lifetime savings 
Because the added case doors have a measure life less than 2/3 of that of the refrigeration system and of the HVAC 
system, the evaluators classified this measure as an add-on with a single baseline. The evaluators calculated evaluated 
lifetime savings values using the following formula: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)]  

where: 
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𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therm) 

𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therm) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with eTRM measure lives. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (years) 

OYF = 100% for single-baseline measures. This factor accounts for dual-baseline 
impacts. 

The evaluated lifetime savings are equal to the tracking lifetime savings because the evaluated first year savings and 
measure life values are equal to the respective tracking values. Table 3-3 provides a summary of key factors that influence 
the lifetime savings. 

Table 3-2. Measure 10192035 - Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 136,552 136,552 N/A 
First year savings (therms) 10,504 10,504 0% 
Measure lifetime (years) 13 13 0% 
Measure life reference Tracking MA TRM for 

refrigerated case 
doors 

N/A 

Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
This section will explain the ancillary impacts associated with each fuel based on the model output. 
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1 EVALUATED SITE SUMMARY AND RESULTS 
The evaluated project consisted of the installation of a water de-aeration device for ice resurfacing and was implemented at 
a 1,000 seat multipurpose arena that is used as an ice rink for the majority of the year. Ice resurfacers (e.g. Zamboni units) 
shave the surface of the ice and release resurfacing water so a new even surface may be formed. This resurfacing water is 
typically heated (~140°F+), as the large temperature differential “pops” air bubbles when the hot water hits the cold ice. The 
evaluated vortex generator removes air bubbles without having to heat the water. The applicant calculated measure savings 
by decreasing the resurfacing water heating load at the natural gas water heaters through a custom spreadsheet analysis. 

During the initial interview, the site contact reported there were specific ice-rink related closures mandated by the state in 
2020 and the operating hours at the ice rink have been significantly impacted by the closures. Due to the COVID related 
operational changes and limited billing data, the Base evaluation method was completed for this site. The Base evaluation 
approach consisted of a review of the applicant calculations and a site interview. 

The evaluator determined the measure to be an add-on with a single baseline because the installed measure life (10 years) 
is less than 2/3 of the underlying water heating equipment life (20 years). The technology of the evaluated equipment 
reduces the energy use of the underlying systems, which is the water heater and rink refrigeration system, but these 
systems remain in use. The baseline is the pre-existing operation of the hot water heater to provide 140°F for resurfacing. 
The evaluation results are presented in Table 1-1. 

Table 1-1. Evaluation results summary  

PA 
Application ID Measure Name  

Savings 
(Therms/yr) 

Measure Life 
(years) 

Lifetime Savings 
(Therms) 

130653 Water de-aeration 
device for ice 
resurfacing 

Tracked 1,694 15 25,410 

Evaluated 1,694 10 16,940 
Realization rate 100% N/A 67% 

N/A = Not applicable 

1.1 Explanation of deviations from tracking 
The evaluated savings are the same as the tracking values. Further details regarding deviations from the tracked savings 
are presented in Section 3.1. 

1.2 Recommendations for program designers and implementers 
It is recommended that the custom calculation spreadsheet for vortex generator technology should be updated to include 
some tempering of water entering the nozzle of the generator. It is recommended that the customer note existing water 
heater make and model for the applicant to use as a reference when generating the custom savings spreadsheet.  

1.3 Customer alert 
There are no customer alerts at this time.
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2 EVALUATED MEASURES 
The following sections present the evaluation procedure, including the findings from an in-depth review of the supplied 
applicant calculations and the evaluation methodology determined to be the best fit for the site and information available.  

The project consisted of the installation of a vortex generator for water used for ice resurfacing. In the baseline, the site used 
hot water for ice resurfacing, as the air bubbles within the water will ‘pop’ during the resurfacing process due to the large 
temperature differential between the cold ice surface and hot water. The vortex generator removes air bubbles from the 
incoming ground water without the need for significant water heating. 

2.1 Application information and applicant savings methodology 
This section describes the application information, savings methodology provided by the applicant, and the evaluation 
assessment of the savings calculation algorithm used by the applicant. 

The applicant documentation included native spreadsheet calculations and a .pdf that compiled: PA checklist, retrofit 
applications, screening tool (BCR), vendor quotes, and incentive calculation. 

2.2 Applicant description of baseline 
The applicant classified the measure as a retrofit with a single baseline. The baseline system and operating conditions was 
an existing–to-remain gas fired hot water heater providing 140°F water for ice resurfacing. Table 2-1 presents the main 
parameters of the baseline as defined by the applicant. 

Table 2-1. Applicant baseline summary 
Operation Description Value 
Gallons per resurface 120 
Resurfaces per year 1,792/year  
Entering water temperature 55°F 
Resurfacing water temperature 140°F 
Water heater efficiency 90% thermal efficiency 
Water heater annual gas consumption 1,694 therms 

2.2.1 Applicant description of installed equipment and operation 
The installed vortex generator system allows the facility to use incoming town water for ice rink resurfacing. This offsets the 
hot water heating load at the ice rink water heater. The applicant assumed that the existing hot water heater would not be 
used for the resurfacing water.  

2.2.2 Applicant energy savings algorithm 
The project documents include a spreadsheet calculation file labelled “Savings Analysis – FMC.xlsx”. The applicant 
calculated the measure impacts using the following approach: 

Annual Resurfacing Gallons of Water = 1,792 resurfaces/year × 120 gallons/resurface = 215,040 gallons 

where, 

resurfaces per year = applicant estimated 8 ice resurfaces per day for 7 days per week and 32 
weeks per year of ice operation. Applicant assumes that the rink is shut down 
for 20 weeks over the summer. 

gallons of water per resurface = applicant estimated that 120 gallons of hot water is used for each resurfacing 
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Load Reduction, BTU = 215,040 gallons × 8.35 lb/gallon × (140°F-55°F) × 1.0 Btu/lb°F -= 152,441,856 BTU 

where, 

8.35 lb/gallon = density of water 

140°F = hot water temperature leaving the water heater used for resurfacing estimated by the applicant 

55°F = city water temperature entering the water heater estimated by the applicant 

1.0 Btu/lb°F = specific heat of water 

Load Reduction, therms = 152,441,856 BTU ÷ 90% thermal efficiency ÷ 100,000 BTUs/therm = 1,694 therms 

where, 

90% thermal efficiency = applicant’s template assumes a 90% efficiency for condensing water heaters  

Additional details on the applicant algorithm could be found in the project files. 

2.2.3 Evaluation assessment of applicant methodology 
The evaluator agrees with the applicant’s savings methodology. However, the applicant should have used the existing case 
water heater performance as opposed to an assumption of 90%. 

2.3 Virtual Inspection 
This section provides details on the tasks performed during the virtual inspection. The site contact noted that, apart from the 
measure installation, they have made no other system modifications nor have any plans to do so at a later date. 

2.3.1 Summary of virtual findings 
The site contact provided the evaluator with images of the installed vortex generator and water heater. A summary of the on-
site verification is provided in Table 2-2. 

Table 2-2. Measure verification 
Measure Name Verification Method Verification Result 
Vortex fill water 
technology 

Site interview and photos provided by 
the site. 

Site contact verified the evaluated equipment was 
installed. Tempered water is used for resurfacing.  

The site contact described the pre-existing operation of the water heater. The facility has a tankless condensing water 
heater that provided hot water for resurfacing. The evaluator could not verify the pre-existing hot water temperature setpoint. 

The site contact maintains several ice rinks and has previously installed vortex generators at other facilities. The site contact 
adjusted the vortex generator installation at the time of install to reflect operation at other facilities. The site contact has 
found that if the ground water is too cold, it can freeze too quickly and cause an uneven ice surface. At this site, the 
customer tempers the incoming ground water by mixing in hot water from the tankless water heater. The vortex generator 
has a minimum incoming water pressure, and adding hot water decreases the water pressure. As a result, the mixing valve 
is controlled to a minimum pressure setpoint instead of a temperature setpoint. The valve boosts the mixed water 
temperature as much as possible before reaching the minimum pressure. In practice, this results in a maximum resurfacing 
water temperature of ~70°F, however this can be less depending on the incoming ground water temperature. 
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Figures 2-1 and 2-2 below present images of the installed vortex generator and hot water heater. 

Figure 2-1. Image of evaluated vortex generator 

 

Figure 2-2. Image of water heater 

 



 
Page 6 of 9 
 

DNV  –  www.dnv.com July 13, 2021 Page 6 
 

2.3.2 Measured and logged data 
The evaluation was performed through a virtual audit, thus no equipment metering was performed. 

2.4 Evaluation methods and findings 
This section describes the evaluator methods and findings. 

2.4.1 Evaluation description of baseline 
The evaluator classified the measure as an add-on with a single baseline. The baseline is single because the life of the 
installed measure (10 years) is less than 2/3 of the life of the underlying water heating equipment (20 years). 

2.4.2 Evaluation calculation method 
The customer has a pre-existing tankless condensing Navien NPE-240A water heater. Per the water heater cutsheet, 
pictured in Figure 2-3, the thermal efficiency of the unit is 96%. The tankless water heater would be serving the resurfacing 
hot water heating load if the measure had not been implemented. A side-by-side comparison of unit thermal efficiency is 
included in Table 3-1.  

Figure 2-3. Water heater cutsheet 

 

Because the evaluation scope did not account for operational adjustments, the evaluator did not update the water heater 
thermal efficiency. 

The evaluator did not make adjustments to account for the resurfacing water tempering, as this represents an operational 
discrepancy. Due to COVID related impacts on the site operation, no measurement and verification was performed and 
operational changes were not evaluated. In general, the customer assumptions are reasonable.  

• Number of resurfaces per year – The site confirmed that the ice surface is maintained from September to the end of 
April, which is consistent with the number of annual operating days used in the applicant’s calculation of resurfaces 
per year. The evaluator was able to confirm rink operation through a review of the electrical billing data. 

• Gallons of water per resurface – The site indicated that the Zamboni can carry up to 195 gallons of water for 
resurfacing, but the exact amount used for each resurfacing can vary. 

• Resurface water temperature – The site contact noted that they need to temper the water used for resurfacing, as 
ground water would be too cold and cause an uneven ice surface. The facility has a mixing valve before the unit’s 
nozzle which adds ~120°F water from the water heater to mix with incoming ground water. The resulting water 
temperature is between 60°F and 70°F. The increase in resurfacing water temperature would decrease the load 
reduction savings, but this is an operational adjustment and would require metering to confirm. 

The evaluated annual savings are 1,694 therms and represent 10.1% of the total annual baseline natural gas consumption.  
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2.4.3 Cross-check with utility billing data 
The evaluators decided that a utility billing cross check would not be appropriate at this facility. The savings are 
approximately 10% of the annual billed natural gas consumption which suggests that measure savings could be observed. 
However, the ice rink is only operational from the months of September through to the end of April. The expectation is that 
the ‘installed case’ period from April 2019 onward does not represent enough billing data to demonstrate ‘typical usage’ prior 
to Coronavirus-related arena shutdowns.
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3 FINAL RESULTS 
The project consisted of installing a vortex water generator for ice resurfacing. The evaluated savings are identical with the 
reported values. The parameters impacting the analysis are summarized in Table 3-1.  

The evaluation does not include measurement and verification, thus it did not account for operational discrepancies. The 
evaluator did not account for the water heater efficiency difference (from the tracking value of 90% to 96% as show in the 
performance data sheet of the water heater) and for the installed case resurfacing water temperature (from the tracking 
value of 55°F to 70°F as indicated by the site contact). 

Table 3-1. Summary of key parameters 
Site specific information Applicant Evaluator 
Gallons per resurface 120 120 
Resurfaces per year 1,792 1,792 
Entering water temperature 55°F 55°F 
Resurfacing water temperature 140°F 140°F 
Baseline Applicant Evaluator 
Water heater thermal efficiency 90% 90% 
As-built consumption (therms)  1,694 1,588 
As-built Applicant Evaluator 
Water heater thermal efficiency 90% 90% 
As-built resurfacing water temperature 55°F 55°F 
As-built consumption (therms)  0 0 
Savings 

  

Annual natural gas savings (therms) 1,694 1,694 
Natural gas realization rate 100% 

3.1 Explanation of differences 
The evaluated savings are identical with the tracked savings because there are no non-operational differences. 

3.2 Lifetime savings 
Because the steam boilers will outlive the installed measures, the evaluators classified this measure as an add-on with a 
single baseline. The evaluators calculated evaluated lifetime savings values using the following formula: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = 𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸  × [ 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 +  OYF ×  (𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 − 𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸)]  

where: 

𝐿𝐿𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated lifetime savings (therms) 

𝐹𝐹𝐹𝐹𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = evaluated first year savings (therms) 

𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 = evaluated measure life (years in decimal form) - reflects revisions to measure 
life due to alignments with TRM measure lives. 

𝑅𝑅𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸   = 1/3 of 𝐸𝐸𝑅𝑅𝐿𝐿𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 (years) 

OYF = 100% for single-baseline measures / 90% for dual-baseline measures. This 
factor accounts for dual-baseline impacts. 
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The evaluated lifetime savings are smaller than the tracking lifetime savings because the evaluated measure life is smaller 
than the tracking value. As part of PY18 impact evaluation study (MA20C1-G-CUSTGAS), four different de-aeration 
systems, installed at ice rinks, incentivized by three different program administrators (PA) have been evaluated. The life of 
the measure tracked for three projects was 10 years while for one project the tracked life was 13 years. The evaluators 
decided to calculate lifetime impacts using the life tracked for most projects and used 10 years in the calculations of 
evaluated results. For this project, the evaluators will use the same value that they used in MA20C1-G-CUSTGAS. Table 3-2 
provides a summary of key factors that influence the lifetime savings.  

Table 3-2. Application 130653 - Lifetime savings summary 
Parameter Tracking Evaluated Impact of Deviation 
Lifetime savings (therms) 25,410 16,940 N/A 
First year savings (therms) 1,694 1,694 0% 
Measure lifetime (years) 15 10 -33% 
Measure life reference Tracking Table 5-5 of PY2018 Impact 

Evaluation1 
N/A 

Measure event type Retrofit Add-on N/A 
Baseline classification Single – pre-existing Single – pre-existing N/A 
Outyear factor (OYF) 100% 100% 0% 
Measure status (operates or removed) N/A Operates N/A 

N/A = Not applicable 

3.2.1 Ancillary impacts 
The electric savings associated with this measure have been reported as part of the Custom Electric program. No other 
ancillary impacts resulted from installing the evaluated measure. 

 
1 Massachusetts Commercial and Industrial Impact Evaluation of PY2018 Custom Gas Installations (MA20C01-G-CUSTGAS) 
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