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1 EXECUTIVE SUMMARY 
 

 

Methodology and Approach 

 

There were 4 key research areas included in this study. The associated tasks and subtasks were: 

 Steam traps evaluation methods 

 Ensure PAs track steam trap projects separately within the Custom Gas program 

 Review the existing evaluation methods and determine if steam trap project evaluation 
results should be reported separately from other custom gas projects 

Annual heating plant efficiency (AHPE) 

 Gather boiler efficiency measurements from PAs 

 Analyze the available information and generate a dataset with deemed AHPE 
values to be used by both evaluators and implementers 

Repair frequency 

 Generate a questionnaire for interviewing program participants that 
repaired steam traps 

 Conduct interviews and calculate an adjusted measure life for steam trap 
projects 

Steam trap tool calibration 

 Gather the inventory of facilities that repaired steam traps 
between 2018 and 2020 with program support 

 Screen participants based on defined criteria and conduct billing 
analyses for the screened facilities 

 Calculate factors to be used to calibrate and update the steam 
trap tool 

 

Executive Summary 
The study’s overall purpose was to conduct additional research of steam trap projects practices and boiler 
plant efficiency measurements before preparing a series of changes for implementers to adopt. These 
changes are intended to improve the consistency of results produced by these methods across all PAs. 

Executive Summary 
The study’s overall purpose was to conduct additional research of steam trap projects practices and boiler 
plant efficiency measurements before preparing a series of changes for implementers to adopt. These 
changes are intended to improve the accuracy of results produced by these methods across all PAs. 



 
 

DNV – www.dnv.com  Page 2

 

 

 

 

 

 

 

 

 

 

 

Research 
area Description Current Value 

Proposed 
Value Notes 

Steam traps - 
evaluation 

Reporting results for 
steam traps projects 
when evaluating the 
Custom Gas program 

Starting with the 
evaluation of PY2020 
Custom Gas 
program, evaluators 
report separate 
results for ST and 
non-ST projects 

Not changed Stakeholders adopted 
approach after the first working 
group meeting. 

AHPE 
Deemed annual heating 
plant efficiency 

80% (for the large 
majority of steam 
traps and pipe 
insulation measures) 

As presented in 
Section 4.2 of this 
study report 

AHPE values will be added to 
the updated STT 
PAs (implementers and 
evaluators) will use the 
deemed AHPE values for all 
projects that result in a heating 
plan load reduction (i.e.: pipe 
insulation, EMS controls). 

Steam traps 
AML (years) 

Adjusted measure life to 
be used when calculating 
lifetime savings for steam 
traps prescriptive and 
custom projects 

6 years 3 years The proposed value includes 
the net effect and eliminates 
the need to apply an NTG 
factor when reporting impacts 
of the measure. 

Steam traps 
NTG value 

Net to gross factor used 
by the program to 
account for free-riders 
and spillover associated 
with steam trap 
prescriptive and custom 
projects 

80% 100% 

The proposed value is already 
accounted in the proposed 
AML. This value should be 
used for both annual and 
lifetime savings. 

STT calibration 
results 

The calibration results 
will be used to update 
the STT 

Factors: 
High leak: 26.4% 
Low leak: 54.9% 
Condensate return: 
36.3% 

Factors: 
High leak: 21.1% 
Low leak: 69.8% 
Condensate 
return: 30.98% 

In the STT, DNV will adjust the 
leak and condensate return 
factors. 

Key Findings 
Approximately 5% of the facilities that participated in the program agreed to be interviewed. The small 
response rate introduced uncertainties in the AML and calibration results. 

Most surveyed program participants indicated their practice is to test steam traps periodically and at 
an increased frequency bolstered by the program. 

Steam trap projects differ from the other custom gas projects because it is difficult to measure their 
impacts directly. Although the STT is calibrated using mostly outdated pre-2015 data, it is still more 
accurate than an engineering model that has not been vetted. 

Results 

The findings of each of the four research areas are presented in the table below: 
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Conclusions 

Recommendations 

Recommendation 1: We recommend the PAs use separate gross realization rates (GRR) for 
steam traps (ST) and non-steam traps (NST) projects. We recommend all PAs use the statewide 
ST GRR and use statewide or PA specific NST GRR based on the criteria defined by the current 
practice used to evaluate the Custom Gas program. 

Recommendation 2: We recommend the PAs use the annual heating plant efficiency (AHPE) 
deemed values results from this study for all measures that result in a reduction of heating load 
(e.g., pipe insulation, steam traps, EMS). 

Recommendation 3: We recommend both PAs and evaluators use an updated AML of 3 years for 
the steam trap measure as opposed to the current value of 6 years. This AML captures the program 
influence in the value so a separate net-to-gross does not need to be applied as it will be equal to 1. 

Recommendation 4: We recommend PAs update BCR models with the proposed AML and net-to-
gross values for the steam trap measure for both prescriptive and custom projects to ensure 
appropriate lifetime savings are calculated. 

Recommendation 5: We recommend updating the STT to include the results of the calibration. We 
also recommend the PAs start re-calibrating the STT immediately to improve accuracy through the 
use of more recent data. If the upcoming calibration proves successful in reducing the uncertainty, 
we recommend calibrating the STT every three years after that. 

Recommendation 6: We recommend the PAs monitor implementation practices to ensure the STT 
inputs are in line with the field observations. 

Conclusion 1: Results indicate the current measure life of 6 years for steam traps projects is 
overstated when considering program impacts on testing and repair practices and should be updated 
to reflect the results of this study. 

Conclusion 2: Due to a lack of participating customers, the study faced significant challenges during 
the survey and data collection phases. Despite robust outreach efforts, only 20 customers of the 
targeted 50 were surveyed, and of those customers only 5 passed the screening to be used in the 
calibration portion of the study. In future studies requiring customer participation, alternative methods 
of recruitment including adapting incentives should be considered. 

Conclusion 3: Given the low survey response rate and the limited number of new projects added to 
the STT calibration, the result is a tool that uses mostly older data and produces results with higher 
uncertainty around the tool outputs. The methods for calculating impacts of steam traps projects 
should be revisited immediately and the calibration of the STT should be attempted again with a focus 
on adding more recent participating facilities to the billing analysis so that the results will be based on 
recent projects. An attempt at re-calibrating the tool immediately with updated methods and data is 
expected to improve the accuracy and confidence of the STT. 
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2 INTRODUCTION 

2.1 Study purpose and objectives 
DNV carried out Phase II of the Steam Traps and Boiler Efficiency Research for the Massachusetts Program Administrators 

(PAs) and Energy Efficiency Advisory Council (EEAC) Consultants from May 2021 to September 2022. The study’s overall 

purpose was to conduct additional research on steam trap projects practices and boiler plant efficiency measurements 

before preparing a series of changes for PAs to adopt to improve the steam traps measure performance. The specific 

objectives were as follows: 

1. Confirm (or revise) current steam trap sampling treatment. Review recently completed steam trap projects to 

assess how they are characterized and how the tool is used among PAs, then use the findings to either support the 

current approach (statewide steam trap realization rate (STRR) calculated but not reported) or support pursuit of 

alternate designs suggested in the Phase I study (reported statewide STRR or PA-specific STRR).  

2. Define deemed values for annual heating plant efficiency (AHPE). Compile evaluation and implementation 

measurement records to determine averages for projects that reduce the load of the heating plant (e.g., steam traps or 

pipe insulation measures).  

3. Gather data on repair frequencies at participant facilities. This recommendation was made at the conclusion of the 

recent Custom Gas evaluation in order to develop an updated adjusted measure life (AML) for the steam trap measure.  

4. Improve the current statewide steam trap tool (STT). 

 Add better quality control features to bolster review process. 

 Calibrate parameters within the current statewide STT to improve its accuracy. 

 Develop guidance document on tool use to promote consistency among users. 

 Generate a procedure for fast deployment and advertisement of the statewide steam traps calculator. 

A summary of the recommendations made in Phase I1 along with the tasks for Phase II can be found in Table 2-1. 

 
 
1 https://ma-eeac.org/wp-content/uploads/MA-CIEC-Stage-5-Final-Report-MA20C05-G-STBE-FINAL-20201020.pdf 
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Table 2-1. Phase I recommendations and Phase II scope 

Category Phase 1 Recommendation Phase 2 Scope 

Sample treatment 

Keep current sample design practices in 

place to provide PA-specific custom gas 

realization rates (steam trap and non-

steam trap groupings included). 

Investigate variability of inputs among 

different PAs via desk review. As part of 

this study, stakeholders decided to 

calculate steam trap (ST) and non-

steam trap (NST) results. Evaluators will 

report one statewide STRR and 

separate RRs for the NST projects. 

Annual heating plant 

efficiency 

Implementers and evaluators should use 

deemed values to convert heat loss 

reductions into gas savings for steam trap 

and pipe insulation projects. 

Compile available combustion 

measurement data from past evaluator 

and implementation projects and 

develop set of deemed values to be 

used for the annual heating plant 

efficiency factor. 

Steam trap field observations 

Implement a series of STT updates aimed 

at improving consistency and bolstering 

the review process. 

Revise the STT based on 

recommendations and with stakeholder 

input and review. 

Steam trap repair frequency 

Research repair frequencies at PY2011-

PY2020 participant facilities to better 

assess lifetime savings. 

Survey participant facilities to determine 

an updated AML for the steam trap 

measure. 

Steam trap tool calibration 
Recalibrate STT using PY20118, PY2019, 

and PY2020 tracking data. 

Survey a sample of participants to 

inform the calibration, use billing 

analysis results to derive values for leak 

and correction factors. 

Steam trap tool renovations 

and rollout 

Post revised STT online and outline a 

process for updating values via evaluation. 

Coordinate with stakeholders to identify 

all distribution channels and make the 

updated STT available more rapidly than 

in the past. 

2.2 Organization of report 
The rest of the report is organized as follows: 

 Section 3: Methodology 

 Section 4: Study findings 

 Section 5: Recommendations 

 Appendices: Takeaway documents and the survey instrument generated after each Working Group (WG) or as 

requested by stakeholders. 
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3 METHODOLOGY 
This study’s approach was broken up into eight discrete research tasks. A Working Group of experts was convened to 

review the study’s findings at monthly intervals. 

3.1 Working Group 
The Working Group is a body made of representatives from PA evaluation, engineering, and implementation EM&V teams, 

the EEAC, and evaluation consultants. The Working Group reviewed and approved the approach, findings, and draft 

recommendations that arose from the study. Members were expected to prepare for and attend Working Group sessions, 

comment on materials in a timely fashion, and weigh in on deliberations. Working Group members are noted in Table 3-1. 

Table 3-1. Working Group members 

Organization Designated Member 

PA Representation 

Matt Siska, Berkshire Gas / Liberty Utilities / Unitil 

Glen Eigo, Berkshire Gas 

Jaclyn Rambarran, Eversource 

Sharon Jones, Lexicon Energy Consulting, for Eversource 

Mike Mills, Eversource 

Aakanksha Dubey, National Grid 

Dave Jacobson, National Grid 

Mark Dipetrillo, National Grid 

Matt O’Keefe, Unitil 

EEAC 
Ralph Prahl 

Jennifer Chiodo 

Evaluation Consultants 

Sue Haselhorst, DNV 

Miriam Goldberg, DNV 

Cameron Kinney, DNV 

Chad Telarico, DNV 

Long Vu, DNV 

Ryan Brown, DNV 

George Sorin Ioan, DNV 

Working Group members attended meetings as DNV gathered information and calculated results to comment and deliberate 

on proceedings and findings and develop recommendations based on the topics discussed. A summary of the topics 

covered in each Working Group meeting can be found in Table 3-2. 
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Table 3-2. Working Group meeting topics 

Session Topics 

Session 1: June 23, 2021 

 Confirmation of the objectives 

 Discussion and consensus on the definition and scope of the 

lifetime savings adjustments 

 Initial schedule of subsequent meetings 

Session 2: August 10, 2021 

 AHPE value 

 Refresh on background and objectives 

 Review dataset, methods, and initial results 

 Steam trap repair frequency review 

 Review of methods 

Session 3: August 19, 2022 
 Steam trap repair frequency results review 

 Steam trap calibration method and results 

3.2 Study tasks 
DNV generated and submitted takeaway documents after each working group session. Brief descriptions of methods 

employed to achieve the objectives of each research task are shown in Table 3-3. 

Table 3-3. Study tasks 

Task Methods Description 

Annual heating plant efficiency deemed 

value 

The team compiled an extensive dataset of existing boiler efficiency 

measurements from past projects and develop deemed efficiency 

values to apply to the savings formula based on the type of boiler 

(steam, hot water, condensing) and type of controls (linkage, parallel 

positioning, O2 trim), where the data supports disaggregation. The team 

reviewed the distribution of AHPE values with respect to boiler and 

control types and presented this information to the stakeholder group 

for input prior to finalizing the number of potential options and their 

values. 

Confirm sampling treatment 

The proposed approach leveraged the STT, which was calibrated to 

billing data that accounted for both unobservable factors, like the 

degree of failure for traps, and observable factors, like steam pressure 

and hours of operation. In the recommended approach, the calibrated 

tool outputs were the evaluated site gross savings when modeled using 

the ex-ante inputs for that site. For a specific project, gross ex-post 

savings were adjusted if the evaluators identified differences between 

the tracking and applicant estimates, determined the applicant did not 

use the current STT, or if the facility’s steam system was removed. The 

team aggregated project-specific results to calculate a statewide STRR. 
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Task Methods Description 

Steam trap repair frequency 

The team identified a need to update the measure AML after a 

discovery from a recent Custom Gas study to account for program 

impacts on testing and repair practices. The team developed an 

approach to determine an appropriate AML considering the net effects 

on the measure using survey data from program participants. The team 

reviewed program data from the past ten years and identified recurring 

participants and the frequency with which they participate in the 

program. The team deployed an approved survey to program 

participants to validate T&R frequency findings from the program data 

review exercise, and to include additional testing events performed 

outside of the program. These exercises produced average T&R 

frequencies for participant facilities both with the program and without 

from which the team used to develop a direct-to-net AML for the steam 

trap measure. The team attempted to contact all participants in the 

program between PY2011 and PY2020 and completed surveys for 20 

sites. The evaluators recommended a new AML based on the results of 

this research. A memo with original methods and results was 

submitted, titled “MA21C02-G-ST WG3 Takeaway_STRF.” 

Steam trap tool calibration 

The team largely replicated the 2017 tool calibration procedure, which 

used billing analysis results from all sites that passed the screening 

requirements to calibrate the most uncertain parameters within the 

steam trap energy savings equation (e.g., leak factors and condensate 

return factor). Aspects of the methodology were revisited and updated 

based on discussions with stakeholders and calibrated the STT using a 

combination of sites that were in the prior calibration, sites from the 

same period that were previously excluded due to criteria that was 

updated in the current study, and a small number of newer sites. The 

calibration mostly reflected field practices as of 2016 and only slightly 

the more current practice. 

Tool renovations and rollout 

The team updated the current STT (released in 2017) to include the 

results of the calibration and the AHPE. The team will coordinate with 

PAs to schedule a webinar to go over the updates and make the new 

STT available to all interested parties. 

  



 
 

DNV – www.dnv.com  Page 9

 

4 STUDY FINDINGS 
This section presents the research activities and the findings in the order in which they were finalized. 

4.1 Redefine the approach to evaluating steam traps 
The purpose of this activity was to revise the approach to evaluating steam traps to reduce the potential of double-penalizing 

savings, improve the reliability of the results, and, if possible, reduce evaluation costs. This research was the task of the first 

Working Group, which met on June 23, 2021. The working group findings and recommendations are summarized in the 

WG#1 Takeaway Memo provided in APPENDIX B, which provides a more in-depth discussion of the topics presented here. 

Subsequent updates to findings and recommendations to APPENDIX B are noted in Section 4.1.2. 

The primary motivation for this task was to develop an evaluation method that would reduce the potential for double-

penalizing savings, once in the empirical calibration of the STT and a second time when evaluators go into the field and 

apply observed conditions to correct the ex-ante STT savings.  

4.1.1 Key activity outcomes 
The outcome of the activity was a revision to the evaluation approach for estimating steam trap gross annual impacts and 

gross realization rates (GRR). This recommendation was accepted by the stakeholders and implemented in the 

Massachusetts Impact Evaluation of PY2020 Custom Gas Installations, which was launched in 2021 with final reporting 

November 1, 2022. 

Table 4-1 compares the practices prior to PY2020 and the newly adopted evaluation practices for steam traps. This design 

achieves these goals: 

 Reduces the potential of double counting since evaluators no longer estimate ex post savings using site observations 

since they are accounted for in the model calibration 

 Improves savings reliability with regular calibration, 

 Captures non-calibrated effects like administrative errors in the GRR, which is determined through project file reviews 

coupled with a customer call for a sample of participants. Decommissioned steam distribution systems will be factored 

into the lifetime savings adjustment factor (LSAF). 

 Monitors discrepancy trends in key site variables (hours of operation, pressure, and quantity) by comparing the 

customer reported values to the STT inputs. These comparisons will be included in the final custom gas report for 

information purposes only. 

 Reduces evaluation costs over the long term since the evaluation no longer relies on costly site visits. However, some 

of this benefit is offset by more frequent calibration. 
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Table 4-1. Comparison of steam trap evaluation practices 

Task Practices prior to PY2020 PY2020 practices 

Steam trap sampling with the 

custom gas program evaluation 

PA-specific subsample of the custom 

gas program with a three-year RP target 

of 80/20 for a PA-specific combined 

(steam traps and non-steam traps) GRR. 

Single statewide steam trap segment for 

a single statewide GRR with a three-

year target of 80/20. 

Evaluator site specific activities 

On-site observation of conditions. Ex 

post savings reflect administrative errors 

as well as discrepancies in site observed 

quantity, hours of operation, pressure, 

and the like.  

Desk review of project files to identify 

administrative type errors (differences 

between applicant-reported and tracking 

savings, differences between the STT in 

force at the time of the application and 

applicant-used STT). Interview of the 

participant to verify the steam 

distribution system is still in place. 

Program GRR 

RR was about 77% and was based on 

revisions to savings reflecting site 

observations and administrative errors 

Based on a desk review which will 

capture administrative type errors only.  

GRR expected to be close to 100%. 

STT calibration  
Last calibration was in 2017 using 

PY2014/15 data.  

Regular schedule for recalibration 

pooling of participating steam trap 

projects. The STT will be calibrated for 

prospective application. 

Version of STT used to 

calculate ex ante and ex post 

savings estimates 

Most up-to-date version of the STT 
STT version in force at the time the 

project was initiated. 

4.1.2 Revisions to WG#1 Takeaway Memo 
This task established the evaluation strategy for steam traps. The Working Group #1 Takeaway Memo in APPENDIX B 

provides additional information and rational supporting the design choices. This section will address the subsequent modest 

revisions to the recommended design, along with some of the implementation details of the approach in the PY2020 custom 

study and recommended improvements for the PY2021 study. 

4.1.2.1 Revisions to WG#1 Takeaway Memo 

The WG#1 Takeaway Memo defined a multi-step plan for monitoring implementation practices. The revised memo 

recommended a simpler approach. The purpose of monitoring implementation practices is to identify whether the contractor 

entered values for STT key inputs (hours of operation, pressure, or quantity) that are deviating significantly from past 

practices. While the calibration process will account for these errors via lower unit savings, calibration is intended to occur 

every three years and more frequent feedback is desirable. 

The WG#1 Takeaway Memo recommends using on-sites to verify key inputs to monitor implementation practices. However, 

the evaluation team is confident that significant deviations can be identified through a telephone interview and has 
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concluded that the added cost of an onsite is not warranted for an information-only finding (since it will not directly factor into 

the GRR). The evaluation team recommends leveraging the GRR sample to acquire customer self-reported values for the 

key inputs. The customer reported values and STT inputs can be compared and analyzed for trends and the findings can be 

included in the custom gas evaluation study report. 

4.1.2.2 PY2020 implementation 

The PY2020 impact evaluation followed the WG#1 takeaway document’s recommended sample design. The PY2020 

custom non-steam trap measures were segmented by PA, while all steam trap measures were grouped into a single 

statewide segment. The steam trap sample sites were evaluated via desk reviews coupled with telephone interviews to 

identify decommissioned systems and administrative errors. The GRR for steam traps increased from 77% to 95%. 

Calculating rolling GRRs for both custom steam trap and non-steam trap required re-analysis of PY2018 and PY2019 to 

separate out the steam trap measure contribution to individual PA GRR. Custom non-stream trap GRRs (by PA and 

statewide) and a single statewide custom steam trap GRR were computed for PY2018 and PY2019, and subsequently 

combined with PY2020 into the PY2020 3-year pooled GRRs. 

The PY2020 effort did not implement the implementation practices monitoring because the approach had not been 

formulated at the time of the study launch.  

4.2 Generate a dataset of deemed values for annual heating plant efficiency 
The objective of this task was to revise the current AHPE used for measures that result in a reduction of the heating energy 

supplied by the boiler (e.g., steam traps and pipe insulation measures). Currently most of these measures use an 80% 

heating plant efficiency when converting the heat loss into natural gas. Stakeholders decided to use measurements 

recorded by the custom gas program to generate a set of deemed savings both implementers and evaluators will use for 

measures that result in a reduction of the heating energy load. This research was the task of the second Working Group, 

which met on August 10, 2021. In-depth discussion of the topics presented in this section as well as results and 

recommendations are presented in the WG#2 Takeaway Memo provided in APPENDIX C. The information presented in this 

section is consistent with what has been documented in the WG#2 Takeaway Memo. 

4.2.1 Key activity outcomes 
The results of this task were a revision to AHPE value that is currently used to calculate impacts due to the installation of 

measures that reduce the heating load of gas-fired boilers. DNV processed and analyzed the inventory of measurements 

provided by PAs and calculated AHPE values based on the type of heating system (hot water and steam), boiler size, boiler 

controls (linkage and advanced), and steam boiler pressure. Table 4-2 presents the AHPE values DNV calculated based on 

the dataset of measurements provided by PAs. 

Table 4-2. Annual heating plant heating efficiency – deemed values 

Boiler output Boiler Capacity (HP) Steam Pressure (psig) Boiler Controls AHPE (%) 

Hot water All capacities Not applicable 
Linkage 84% 
Advanced 85% 

Steam 

0 – 99 All pressures 
Linkage 81% 
Advanced 84% 

100 - 499 All pressures 
Linkage 84% 
Advanced 84% 

500 and larger 
0 - 99 

Linkage 85% 
Advanced 83% 

99 and larger 
Linkage 80% 
Advanced 82% 
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The AHPE values presented in Table 4-2 above provide both implementers and evaluators an easy-to-use reference for 

custom measures that result in a reduction in the heating energy supplied by the gas-fired hot water boilers and should not 

be used for measures that impact the boiler controls or boiler replacements. 

4.3 Investigate steam trap repair frequency to calculate adjusted measure life 
The objective of this research was to investigate the frequency of steam trap testing and repair (T&R) practices, both with 

the program and absent the program, to determine an AML for the measure, which is currently a 6-year technical equipment 

half-life. During the gross impact evaluation of the PY2019 Custom Gas program, evaluators identified that an increase in 

T&R frequency due to the program should be accounted for by a different process than simply taking the technical life of a 

repair as the effective number of years of savings from a repair. To determine a more appropriate AML, the team surveyed 

participants to understand their practice for repairing steam traps and calculated a revised AML based on those practices. 

This research was the task of the second Working Group, which met August 29, 2022. In-depth discussion of the topics 

presented in this section as well as results and recommendations are presented in the WG#3 Takeaway Memo provided in 

APPENDIX D. 

4.3.1 Key activity outcome 
Using the results of the surveys, the evaluators determined the steam trap measure life should be updated. Both 

implementors and evaluators should use a new measure life to calculate lifetime impacts for prescriptive and custom 

projects. With the adoption of this AML, a separate net-to-gross adjustment is not needed or appropriate, as the AML 

accounts for the effect of the program on trap repairs. Table 4-3 presents the AML value calculated based on the responses 

of surveyed participants. 

Table 4-3. Steam trap measure life 

Description Value Notes 

Adjusted measure life (AML) 3 year 
This value will be used to calculate lifetime impacts for prescriptive and 

custom steam traps measures. 

Net-to-gross (NTG) factor 1.0 

This proposed AML value accounts for free-riders and spillover 

associated with steam trap prescriptive and custom projects, so the NTG 

factor is set to 1.0. This value should be used for both annual and lifetime 

savings. 

The calculation of AML relied on responses provided by program participants. The team reached out to 336 facilities in an 

attempt to interview 50 participants. Although the team made a total of 584 attempts to contact potential interviewees, the 

majority (240) were not responsive and the team managed to complete 20 surveys. The team discussed the implications of 

the small number of responses with the stakeholders and analyzed the statistical impact in the calculation of AML. DNV 

investigated the impact of the small number of responses in the results and concluded the results precision vary between 

1.5 and 3.7 years at an 80% confidence interval. 
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4.4 Steam trap tool calibration 
The current steam trap tool was calibrated in 2017 using projects from program years 2013 and 2014.2 The purpose of the 

calibration was to true up the engineering calculation based on observed change in consumption due to the trap repairs. The 

team used the newly revised savings equation and trap level parameters from eligible projects to calculate savings which 

were then “calibrated” by iteratively adjusting the most uncertain parameters so the aggregate savings from each site closely 

resembled the results of a site-level billing analysis. A more in-depth explanation of this process can be found in the 2017 

report footnoted below.  This earlier calibration is referred to in this report as the 2017 calibration. 

The 2017 calibration screened prior participants to include only projects that passed the following screens: 

 Tracked savings fraction greater than 5% 

 No other major projects in tracking data (other projects account for less than 10% of total savings) 

 Survey response indicating no other major change 

 No billing data anomalies, no indeterminate billing analysis results, and no predominantly production-based use 

(effectively excluding manufacturing sites). 

4.4.1 Key activity outcome 
The results of this task were used to update the steam trap tool (STT) to update the calculation of impacts of steam trap 

projects. A summary of the resultant parameters is presented in Table 4-4. 

Table 4-4. Calibration results – updated parameter values 

Variable Leak Factor (Low) Leak Factor (High) Condensate Return Factor 
Value 21.1% 69.8% 30.9% 

The calibration task depended on two data sources: billed consumption and information on non-routine events (NRE) 

gathered through interviews with program participants. As indicated in Section 4.3.1 above, participants’ survey response 

rate was less than originally planned and influenced the results of the calibration efforts. Because of the small number of 

responses, evaluators were able to add only 5 additional accounts to the 26 accounts included in the 2017 STT calibration. 

The absence of NRE information and the lack of more recent data included in the calibration introduced a large uncertainty 

in the results. Because the calibration results are based on the best available data, DNV recommends calibrating the STT 

with the calibration results and investigate further methods for reducing the uncertainty of the savings calculations from the 

STT. Stakeholders decided the STT calibration should be initiated as soon as possible and requested an update to the 

calibration method to account for missing details regarding non-routine events information. 

Details on the methods and the analysis conducted to calculate the results presented in Table 4-4 above are provided in 

APPENDIX F. 

4.5 Tool renovations and rollout 
Based on the results presented in Section 0 above, DNV updated the STT to reflect the following: calibration, include the 

AHPE values, and add a QC check field to summarize users’ inputs in the tool. 

 
 
2 DNV GL 2017. Steam Trap Evaluation Phase 2. Prepared for the Massachusetts Program Administrators and Energy Efficiency Advisory Council. https://ma-eeac.org/wp-

content/uploads/Steam-Trap-Evaluation-Phase-II.pdf  
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5 RECOMMENDATIONS 
This section presents recommendations the Working Group made based on the research findings. 

5.1 Recommendation 1: Determine a steam trap gross realization rate (ST 
GRR) with each custom gas evaluation 

As with the current methodology, for each evaluation of the custom gas program component, the population will be stratified 

into steam trap and non-steam trap segments and the sample will be allocated to the two strata to meet 80/10 

confidence/precision efficiently for the custom program in total (based on the respective error ratios, savings contributions, 

and possibly evaluation costs). Unlike the current process, two GRRs will be developed, a ST GRR and non-ST GRR. The 

ST GRR will be a single statewide value while the non-ST GRR will include PA-specific and statewide GRRs following the 

current convention. 

Furthermore, the steam trap site evaluation will only examine and evaluate those parameters that a billing analysis may not 

capture, like differences between the STT output and tracked savings, applicant use of an STT that was not current, or when 

the steam system has been decommissioned. An abbreviated desk review and a short customer survey should be sufficient 

for data collection. The ST GRR is expected to be close to 1.0 with a relatively low error ratio, as administrative errors are 

infrequent and usually small and system decommissioning rare. Like any gross realization rate, the STGRR will be applied to 

program gross tracking savings to determine evaluated savings. 

Given that the current re-calibration is substantially based on the same data used for the 2017 calibration, the results of the 

current calibration include uncertainties that must be reduced. While DNV recommends the use of the newly calibrated STT 

over other engineering-based models, the lack of survey responses and use of old data results in an urgent need to further 

calibrate the STT based on more recent data to avoid it being too outdated. 

5.2 Recommendation 2: Evaluators and implementers use deemed AHPE 
values for custom thermal load reduction measures 

The Working Group recommends that both implementers and evaluators exclusively use approved deemed AHPE values 

when calculating savings for custom measures that reduce the thermal load on a boiler. These custom measures include 

steam traps, pipe insulation, envelope measures, and other similar measures.  

Implementers and evaluators may conduct boiler efficiency testing as part of a project implementation or evaluation for the 

purpose of expanding the population of boilers combustion test results, however, the deemed AHPE in effect at the time of 

the implementation of the measure, and not the site-specific test results, should be used to calculate the impacts of the 

evaluated measure. 

Likewise, implementers will be expected to use the deemed AHPE value in effect at the time of implementation for all 

thermal load reduction savings calculation. 

The deemed AHPE may be revised periodically, prospectively, as additional boiler combustion efficiency test data becomes 

available. 

The recommended AHPE deemed values are summarized in Table 5-1. Implementors and evaluators should apply these 

values to projects as of January 1, 2023. 
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Table 5-1. Recommended AHPE values 

Boiler output Boiler Capacity (HP) Steam Pressure (psig) Boiler Controls AHPE (%) 

Hot water All capacities Not applicable 

Linkage 84% 

Advanced 85% 

Steam 

0 – 99 All pressures 

Linkage 81% 

Advanced 84% 

100 - 499 All pressures 

Linkage 84% 

Advanced 84% 

500 and larger 

0 - 99 

Linkage 85% 

Advanced 83% 

99 and larger 

Linkage 80% 

Advanced 82% 

5.3 Recommendation 3: Evaluators and implementers use an updated AML of 
3 years for the steam trap measure 

The Working Group recommends that both implementers and evaluators use an updated direct to net AML of 3 years for the 

steam trap measure as opposed to the current value of 6 years. Since the methodology for this work captures the program 

influence in the AML, a net-to-gross value does not need to be applied to lifetime measure level savings during post 

processing as it will be equal to 1. The same net-to-gross ratio of 1 should also be applied to annual savings. Lifetime 

savings will be equal in both gross and net. 

5.4 Recommendation 4: Implementers update the BCR model with the 
updated AML and NTG for the steam trap measure 

DNV recommends updating the BCR tool with the new AML of 3 years and NTG ratio of 1.0 for both annual and lifetime 

savings and for both prescriptive and custom projects to ensure steam trap projects are calculating the appropriate lifetime 

savings. 

5.5 Recommendation 5: Update the STT based on the calibration results and 
calibrate the STT periodically 

Periodically, the statewide STT will be recalibrated using a billing analysis model of an attempted census of participants. The 

calibration pool will exclude participants with billing data that fails quality screening and those that report non-routine events 

(NRE). The NRE’s will be identified during surveys of potential billing analysis candidates. The calibrated model will be 

released as the next authorized version of the STT. Billing data quality screening will include number of observations pre 

and post; spanning all seasons for one year pre and post; and small residual variability relative to the usage level. Detailed 

quality specifications will be reviewed with the PAs prior to the next calibration round. 
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Because the calibration conducted for this study used only a limited number of new projects and largely incorporated data 

recorded before 2016, the calibration results are close to being outdated and carry an uncertainty that could be reduced by 

initiating a new calibration that will incorporate more recent data. If the upcoming calibration is successful, we recommend 

calibration at three-year intervals to align with program cycles. We recommend continuing to attempt to calibrate across sites 

with relatively small savings fractions, as well as including sites with limited weather dependence but stable operating 

patterns, as was done with this round of calibration. One approach that may mitigate some of the challenges of estimating 

savings via billing analysis for small savings fraction sites is to conduct the calibration across sites and months in a pooled 

single-stage model, rather than first estimating site-level savings and then calibrating the model to those values. The study 

team will also have to determine if alternate recruiting methods should be implemented to improve survey responses. Details 

for the approach will be proposed before conducting the next round of calibration. 

5.6 Recommendation 6: Monitor implementation practices 
DNV recommends that future steam trap evaluations include data collection and analysis of implementation practices 

leveraging the GRR sample. As part of the customer interview, the evaluators should collect self-reported steam system 

hours of operation, pressure, quantity, and details on other projects installed in the five years prior to the evaluation or 

planned for the next two years after the evaluation. These will be compared to the STT input values estimated by the 

implementers for the purpose of early identification of any significant change in implementation practices. These findings 

should be included in the custom gas evaluation report and recorded for future calibrations of the STT. This analysis will not 

factor into the GRR, however, it may indicate a need to accelerate recalibration. 
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 MA21C02-G-ST WORKING GROUP SESSION #1 TAKEAWAYS 

[Reader: The document and comments were developed in June and July of 2021.] 

During the first Working Group session on 6/23/2021, the following items were discussed: 

 Project housekeeping items including the overall study objectives and research topics, the general process for engaging 

with the Working Group, and the prospective project schedule. The minutes of the documented outcomes from this 

discussion.  

 A proposed revision to the methods for evaluating steam traps. 

Objectives 
The objectives of Working Group Session #1 were: 

 Review the methodology of the last steam trap tool calibration effort 

‒ Consider potential double-counting of savings discrepancies introduced by that method 

 Consider a strawman alternative paradigm for evaluating steam traps 

Current steam trap evaluation method 
This section describes the current steam trap evaluation methodology. 

Ex ante and ex post processes 

Currently, both implementers and evaluators use a spreadsheet-based tool (“steam trap tool” or STT) calibrated in 2017 to 

estimate savings for repaired and replaced steam traps. Through PY 2019, savings were calculated in the tool using 

information collected on site (trap inventory data and facility plant details) and parameters representing unmeasurable 

factors (leak factor, condensate return factor) derived from a billing analysis-based calibration completed in 2017.  

In the ex ante estimate, the applicant generates a trap repair inventory. Details include trap type, model (orifice size), pipe 

size, operating pressure, trap status (e.g., OK, failed open (leaking or blowing by)) and the end use application (to inform 

hours of operation). The applicant also enters system information including system operating pressure, boiler plant 

efficiency, and hours of operation.  

In the ex post, the evaluators review the parameters entered by the applicant in the STT and verify or correct values to 

reflect the conditions observed in the field. The STT savings estimates are re-run with the updated evaluated parameters 

producing the ex post or evaluated results.  

Steam trap sampling 

Under current practice, steam traps are sampled as a subsegment of the custom gas program, meeting a statewide three-

year precision target of ±20% at the 80% confidence level (80/20) to allow for continued monitoring of steam trap 

performance. However, steam trap results are incorporated along with non-steam trap results into a single PA-specific RR. 

This approach was confirmed in the study “Steam Trap and Boiler Efficiency Research MA20C05-G-STBE” (“Phase I 

Study”). This study examined alternative sampling approaches and their implications on future evaluation sample sizes. The 

variability in PA RRs indicates that adoption of a single statewide steam trap measure RR is premature and breaking steam 

traps further into PA-specific measure RRs would require increased sample sizes to meet PA-specific precision targets. 
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Previous steam trap tool calibration  

During the P59 study completed in 2017, the team used a billing analysis-based calibration to derive values for the most 

uncertain variables used in the custom savings equation. The team conducted an initial assessment of PY2013 and PY2014 

projects to identify candidate sites that might qualify for the calibration pool. The pool was filtered to exclude sites with 

multiple projects and those with savings fractions less than 5% of the billed annual usage. Candidate sites were surveyed by 

phone to determine if any other non-routine events may have occurred in the pre or post billing periods. If that was found to 

be the case, the site was excluded from the calibration pool.  

The results of site-specific billing analysis were compared to the ex ante savings estimates produced by the STT. The team 

used Microsoft Excel’s iterative solver function to determine three calibration factors which provided the best match of the 

tool ex ante and the billing analysis savings estimates. Of the 192 projects reviewed, ultimately 24 sites were included in the 

calibration.  Some were excluded because they did not meet the savings threshold of 5% or greater. Evaluators did not go 

on site to verify parameters that were used in the model calibration. The phone interview cannot capture revisions to 

inventory level details like trap application or function but can correct for egregious pressure or hours of operation input 

errors.  

The P59 study suggested future calibration be done on the tool as the pool of sites eligible for calibration increased over 

time. Phase I of the subject study recommended that the STT be calibrated in calibrated in Phase 2. 

Risk of double counting 

The empirical calibration method employed may have unintentionally overcorrected the savings estimates. It is likely that the 

sites used in calibrating the STT had observable discrepancies (such as differences in failed number of traps or trap-specific 

parameters) which would have affected the overall project energy savings. Hence, this calibration process corrects not only 

for unobservable factors, but also for observable factors not corrected by way of field observations.  

The double counting of these impacts occurs first in the STT calibration, and second when evaluators go into the field and 

apply observed conditions to correct the ex ante STT savings. Indicators that double counting might be significant are 

described in the following points.  

 Steam traps have a poor realization rate (RR) (about 75%) compared to other measures. The low RR is due to incorrect 

trap inventories, hours, pressure, or boiler efficiency. This RR reflects differences between tracking and evaluator 

observed parameters – not the method for estimating savings, since the implementer and evaluator use the same tool. 

However, if these discrepancies also existed in the calibration pool, the calibration factor would include this 25% 

implementation discrepancy. 

 The initial calibration reduced trap savings by 15-25%. This reduction accounts for unobservable effects, as it was 

intended, but also accounts for effects that can be observed in an ex post evaluation. 

Figure A-1 illustrates the potential double counting dilemma stemming from the 2017 calibration process. For illustrative 
purposes, the figure represents the steam trap tool as a linear model in a single input variable x. 



 
 

DNV – www.dnv.com  Page A-3

 

Figure A-1. Simplified illustration of double counting 

Where: 

x~ = tracked parameter, such as pressure, or operating hours 

y* = tracked savings based on calibrated model 

x* = updated parameter x based upon field observation 

y^ = evaluated savings from calibrated model updated with x* input 

The calibrated model gives the savings as a function of the imperfect tracking inventory information (the phone calls made to 

the billing analysis sites do not revise specific inventory or system characteristics). The outcome is that the calibration 

adjusts for both discrepancies in the inventory data and systematic adjustments accounting for unobservable factors. 

Figure A-1 shows that applying the calibrated model with better quality verified data (x*) – with “no” noise – will understate 

savings (y^ < y*). Thus, if we calibrate to verified inputs, we need to apply the model with verified inputs. If we calibrate to 

tracked inputs, we need to apply the model with tracked inputs. Since the model is calibrated to tracked inputs, the ex post 

evaluation should also use tracked inputs. 

Key Takeaway: WG participants agree that calibrating the model to inaccurate tracking data, then applying that 

calibrated model with more accurate data from evaluation on-site inventories, adjusts twice for any systematic 

tendency for tracking parameters to result in overly generous savings.  

Recommended evaluation process 
This section describes the recommended revised methodology, which is intended to mitigate double counting while still 

providing reliable savings. The approach significantly deviates from the current custom evaluation practice. The 

recommended approach will produce a single statewide prospective realization rate for steam traps used by all PAs.  

In the revised method, sample selection and on-site activity is designed to support regular calibration and monitoring of 

observable discrepancies rather than the production of site-specific evaluated savings and an end-use realization rate. 

Steam trap realization rates will be produced from desk reviews of selected sites  to identify administrative type errors. 
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These errors might include an applicant using a version of the STT that was not valid at the time of the application or where 

the project file savings does not match the PA record of tracking savings. Other parameters such as pressure, quantity, or 

hours of operation will not be used to revise and report ex post savings. It is expected that ex ante and ex post savings 

estimates will be identical in most cases. 

The STT will be calibrated for prospective application. Model calibration occurs on a rolling basis incorporating all sites 

passing calibration screening, using a similar calibration process to the previous method. The STT recalibration will be 

coordinated with the PAs to ensure that they can roll-out the new version to their implementers in a timely and orderly 

fashion. Evaluators will continue to conduct on-site M&V to monitor discrepancy rates between ex ante values and 

parameters observed in the field.  

Ex ante and ex post processes 

In the recommended process, both implementers and evaluators will use the STT version in force at the time the project was 

initiated to estimate savings for repaired and replaced steam traps for a given program period. The implementer will use the 

version of the STT approved for the program period implemented. The evaluators will conduct a desk review for those steam 

trap sites selected by custom sampling. The evaluator will verify that the correct tool was used by the implementer. This may 

result in savings changes if the applicant used the wrong version of the tool. As an example, an STT version approved for 

use in 2020 will be used to evaluate PY2020 steam traps evaluated in 2023, even if a subsequent STT was released in 

2021. However, the ex ante and evaluated savings will typically be the same, since evaluation-observed site conditions will 

not be incorporated into the ex post savings estimate. 

Steam trap sampling for RR 

The approach to custom sampling will require revision. The Working Group recommends that steam traps be included in a 

single dedicated statewide segment since the evaluation approach and expected evaluation outcomes (realization rates and 

error ratios) are likely to be very different from the remaining custom measures and to be similar between PAs. The steam 

trap realization rate and error ratio should improve dramatically for all PAs. Ex ante and ex post evaluated savings are 

expected to be almost identical, providing a near 100% realization rate and a low error ratio. The combined high realization 

rates and low error ratio will require only a few sample points to meet precision targets. Those sites that are selected will be 

evaluated using a low-cost desk review. We will test this assumption using the existing error ratio, which should result in a 

larger initial sample. 

Model recalibration 

Reliance on the STT for both ex ante and ex post evaluations puts a higher threshold of rigor on the calibration process. The 

model will be calibrated using a rolling three-year pool of participating steam trap projects. In each calibration cycle, the 

calibration pool of sites will be augmented with new sites from the most recent applicable program years. [Note: subsequent 

Working Groups revised this approach.] 

Estimated ex ante savings will be updated for older sites using the most recent version of the STT or for all sites where there 

are other revisions to the STT (for example, updates to average boiler efficiencies). Similar to the previous calibration 

process, the results of site-specific billing analysis will be compared to the ex ante savings estimates using Microsoft Excel’s 

iterative solver function to determine three calibration factors that provide the best match of the STT ex ante and the billing 

analysis savings estimates. [Note: subsequent Working Groups will provide further details on the screening and calibration 

methods.] 

Monitoring for discrepancies 

[Note: subsequent Working Groups revised this approach.] 
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The process described above will prospectively correct for implementation errors but will not provide insights into why an 

STT recalibration produces more or less savings for the same trap. Average trap savings estimated by a newly calibrated 

tool will reflect changes in how well implementers capture observable factors and characterize them in the model. Over time, 

the rates of discrepancy may change statewide or by PA, reflecting changes in implementation practice.  

The recommended process will incorporate on-site verification of implementation practices to provide more detailed 

feedback on how these practices may be evolving over time and to determine how well the discrepancy rates observed in 

the calibration pool are similar to the discrepancies in the population overall.  

Concurrent with the re-calibration screening, sites will be binned according to the screening process for model calibration as 

illustrated in Figure A-2. The bins, labeled A through D, are described as follows: 

A. Fails initially screening – missing billing data or multiple projects in tracking 

B. Phone call confirms non-routine events (NRE) at site 

C. Fails consumption data screen after passing other screens.  

D. Passes all screens. Calibration pool sites 

Sites will be selected for on-site verification of discrepancies from those sites included and those excluded from the pool. 

Since there are only two vendors, the on-sites will be stratified by provider rather than by PA. Evaluation’s discrepancy 

analysis consists of the following 

 Identify discrepancies between observed and tracking parameters 

 For calibration sites (Group D in Figure A-2), compare the current frequency or severity of discrepancies with those from 

past studies. This comparison might indicate: 

‒ Improving or worsening of tracking data 

‒ Reasons calibration factors might be changing 

 For non-calibration sites (Groups A through C in Figure A-2), compare the frequency or severity of discrepancies with 

those of calibration sites. This comparison might indicate if the calibration sample (Group D) is biased in ways that might 

make the calibration not work well for the non-calibration-eligible sites. 

Dramatic trends in discrepancies may trigger more frequent calibrations. 
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Figure A-2. Decision tree to support discrepancy verification
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Other considerations 

Budget. Ideally, the budget for the recommended evaluation approach for steam traps should remain roughly equivalent to 

the current method. There is a trade-off between the frequency of the recalibration providing more up-to-date results and the 

budget.  

Prospective. This approach fits in well with the move toward applying evaluation results prospectively. 
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 ANNUAL HEATING PLANT EFFICIENCY MEMO 

This research task was discussed on 08/10/2021, during the second working group. 

Objective 
Review the classification of boilers and the AHPE values associated with each boiler category. 

Background 
Measures that reduce the thermal load on the boiler (steam traps, pipe insulation, and other similar measures) use an AHPE 

to convert the heat reduction due to the installation of the project to units of natural gas savings. The AHPE ideally 

represents the average annual combustion efficiency of the boiler, accounting for seasonal variations in efficiency. 

Furthermore, the AHPE value used in the load reduction measure calculations should not include standby losses, since 

these are constant in the pre- and post-conditions. 

The calculated heat reduction is converted to natural gas using the following formula: 

𝐺𝑎𝑠 𝑡ℎ𝑒𝑟𝑚𝑠/𝑦𝑟
𝐻𝑒𝑎𝑡𝐿𝑜𝑠𝑠
𝐴𝐻𝑃𝐸

10  

where: 

𝐺𝑎𝑠   – natural gas reduction due to new steam traps or pipe insulation measures (therm/yr) 

𝐻𝑒𝑎𝑡𝐿𝑜𝑠𝑠  – reduction in heat loss due to new steam traps or pipe insulation measures (Btu/yr) 

𝐴𝐻𝑃𝐸   – annual heating plant efficiency (%) 

10    – conversion factor (Btu to therm) 

In Phase 1 of this research, the team reviewed boiler metering data from past evaluated sites to determine how much 

efficiency varied through the year. Based on this review, the team concluded that the AHPE values vary within only a narrow 

range with respect to firing rate at any site, however, efficiency values vary more significantly from site to site based on the 

boiler type (capacity, output, and controls). The team also concluded PAs have a comprehensive dataset of combustion 

efficiency measurements that are reasonably accurate and can be used as a proxy for estimating AHPE for different gas-

fired boilers. 

The Working Group agreed that implementers and evaluators prefer using a deemed AHPE value rather than a site-specific 

value because combustion measurements are not readily available. As an alternative to a site-specific value, implementers 

and evaluators will select a deemed AHPE value using three readily available parameters: boiler capacity, output, and 

controls when calculating savings from load reduction measures. 

AHPE deemed values have been produced using a large data set of boiler efficiency measurements provided by the 

program administrators (PA). Evaluators will continue to gather boiler efficiency measurements to refine the deemed values 

every time the steam trap calculator will be updated. 

Dataset 
The basis of the proposed deemed AHPE values is a dataset that was provided by program implementers. The data 

consisted of combustion efficiency testing results from 187 steam boilers and 60 hot water boilers and included the boiler 
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capacity and output (steam or hot water), steam pressure, type of combustion controls, and combustion efficiency measured 

at various firing rates. Figure B-1 presents the dataset headings. 

Figure B-1. Dataset used to produce AHPE – sample 

 

The team grouped the measurements by boiler output and controls as presented in Table B-1, based on an expectation of 

segments that would have similar efficiencies. 

Table B-1. Inventory of efficiency measurements by boiler output and controls 

Boiler Output Boiler Controls Inventory of 
Measurements 

Hot water Linkage 47 

Hot water Advanced: includes parallel-positioning (PP) and PP&O2 trim controls 10 

Steam Linkage 159 

Steam Advanced: includes parallel-positioning (PP) and PP&O2 trim controls 28 

The team analyzed the information presented in Table B-1 and generated AHPE values. 

Analysis 
The team analyzed and processed the available data separately for hot water and steam boilers, as the results are expected 

to be distinct. 

Hot water boilers 
The team analyzed combustion efficiency measurements that were taken from 57 hot water boilers and grouped by controls 

type. For combination of boiler size and controls type, DNV calculated an average efficiency. A visual representation of the 

available measurements is shown in Figure B-2. 

State Facility type
Boiler 

Manufacturer
Boiler # Boiler Type

Boiler 

Medium

Boiler Size 

(Hp)

Burner 

Manufacturer

Max Burner 

Input (MBH)

Min Burner 

Input (MBH)
Controls Yr Built

Steam 

Pressure 

(PSIG)

Condensate 

Return Temp 

(F)

CE (%) ST (F) O2 (%) CE (%) ST (F) O2 (%) CE (%) ST (F) O2 (%) CE (%) ST (F) O2 (%)

MA Food Processing Burnham 1 Firetube Steam 350 Webster 14,700 4,069 PP 1997 100 82.5% 402 4.3% 82.7% 418 4.2% 81.8% 427 4.7% 81.6% 434 4.6%

MA Food Processing Burnham 2 Firetube Steam 125 Webster 5,230 1,743 PP 1997 100 81.1% 436 5.8% 80.6% 461 5.4% 80.8% 479 4.0% 80.5% 506 3.1%

MA School (k-12) HB Smith 1 Cast Iron Sectional HW 200 Webster 8,700 3,645 Linkage 2002 73.1% 479 11.2% 73.9% 459 11.3% 73.8% 463 11.2%

MA School (k-12) HB Smith 2 Cast Iron Sectional HW 200 Webster 8,700 3,645 Linkage 2002 71.1% 413 13.8% 74.1% 449 11.3% 74.9% 477 9.9%

MA School (k-12) HB Smith 3 Cast Iron Sectional HW 200 Webster 8,700 3,645 Linkage 2002 71.1% 507 11.5% 72.8% 525 10.0% 73.4% 520 9.4%

MA Hotel Cleaver Brooks 1 Firetube Steam 300 Integral 12,555 3,587 Linkage 1999 10 190 86.1% 263.1 7.2% 86.0% 300.5 4.6% 85.8% 309.3 4.5%

MA Hotel Cleaver Brooks 2 Firetube Steam 300 Integral 12,555 3,587 Linkage 1999 10 190 86.3% 262 7.1% 86.0% 295.5 4.7% 85.8% 304.1 4.7%

MA Hotel Cleaver Brooks 3 Firetube Steam 250 Integral 10,460 2,989 Linkage 1999 10 190 86.4% 265 7.0% 85.8% 287.6 6.4% 85.9% 306.9 4.4%

MA Hotel Cleaver Brooks 4 Firetube Steam 250 Integral 10,460 2,989 Linkage 1999 10 190 86.4% 265 7.0% 85.8% 287.6 6.4% 85.9% 306.9 4.4%

RI Manufacturing Cleaver Brooks 1 Firetube Steam 100 Integral 4,185 1,395 Linkage 1985 75 180 83.7% 350.9 1.7% 83.2% 354 1.5% 80.5% 399.9 10.6%

RI Manufacturing Cleaver Brooks 2 Firetube Steam 100 Integral 4,185 1,395 Linkage 1985 75 180 83.7% 350.9 1.7% 83.2% 354 1.5% 80.5% 399.9 10.6%

NY Office Cleaver Brooks 1 Firetube Steam 250 Integral 10,461 3,487 Linkage 1971 87.9% 260 6.5% 86.6% 295 5.2% 86.9% 300 5.4% 87.0% 310 6.2%

NY Office Cleaver Brooks 2 Firetube Steam 250 Integral 10,461 3,487 Linkage 1971 86.9% 266 12.3% 86.3% 297 10.4% 86.1% 298 10.4% 86.0% 301 10.7%

NY Office Cleaver Brooks 3 Firetube Steam 250 Integral 10,461 3,487 Linkage 1971 88.9% 265 6.2% 87.9% 295 5.0% 87.8% 300 5.2% 87.0% 318 6.1%

NY Hospital Cleaver Brooks 1 Watertube Steam 800 Cleaver Brooks 33,125 8,281 Linkage 1970 100 84.9% 394 4.7% 82.0% 482 4.7% 76.8% 517 10.2% 75.9% 508 11.0%

NY Hospital Cleaver Brooks 2 Watertube Steam 800 Cleaver Brooks 33,125 8,281 Linkage 1970 100 85.7% 310 4.6% 83.5% 395 5.7% 79.3% 501 8.3% 77.9% 494 9.9%

RI Office Cleaver Brooks 1 Firetube Steam 70 Integral 2,929 976 Linkage 1976 11 85.1% 274.7 8.4% 85.6% 295.1 5.7% 85.6% 295.1 5.7% 85.9% 294 4.1%

RI Office Cleaver Brooks 2 Firetube Steam 250 Integral 10,461 3,487 Linkage 1976 11 85.1% 274.7 8.4% 85.6% 295.1 5.7% 85.6% 295.1 5.7% 85.9% 294 4.1%

RI Office Cleaver Brooks 3 Firetube Steam 250 Integral 10,461 3,487 Linkage 1976 11 85.1% 274.7 8.4% 85.6% 295.1 5.7% 85.6% 295.1 5.7% 85.9% 294 4.1%
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Figure B-2. Hot water boilers – inventory of combustion efficiency measurements 

 

DNV analyzed the available data and determined the difference in average efficiency by boiler size varies within a 3% range. 

Because AHPE will be used in projects where the load reduction is the main impact and will be used only to convert the 

boiler load reduction to natural gas, DNV recommends AHPE values for hot water boilers are only a function of controls, as 

presented in Table B-2. 

Table B-2. Hot water boilers – recommended AHPE values 

Controls Type Linkage Controls Advanced Controls 

AHPE (%) 84% 85% 

AHPE values presented in Table B-2 above provide both implementers and evaluators an easy-to-use reference for 

measures that results in a reduction in the heating energy supplied by the gas-fired hot water boilers and should not be used 

for measures that impact the boiler controls or boiler replacements. 

Steam boilers 
The team analyzed combustion efficiency measurements that were taken from 187 steam boilers and grouped them by 

controls type (linkage and advanced). The inventory of measurements for steam boilers with linkage controls is shown in 

Table B-3. 
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Table B-3. Steam boilers with linkage controls – inventory of efficiency measurements 

Capacity 

(HP) 

Supply pressure (psig) 

0 - 9 10 - 49 50 - 99 100 - 199 200 and more No data 

0 – 99 

3 measurements 

Eff range: 78% - 

83% 

5 measurements 

Eff range: 82% - 

86% 

4 measurements 

Eff range: 71% - 

83% 

No data No data 

3 measurements 

Eff range: 74% - 

84% 

100 – 499 

10 

measurements 

Eff range: 76% - 

86% 

35 

measurements 

Eff range: 75% - 

88% 

10 

measurements 

Eff range: 77% - 

87% 

21 

measurements 

Eff range: 79% - 

87% 

No data 

30 

measurements 

Eff range: 78% - 

88% 

500 – 999 No data 

8 measurements 

Eff range: 83% - 

86% 

3 measurements 

Eff range: 84% - 

88% 

17 

measurements 

Eff range: 76% - 

84% 

2 measurements 

Eff range: 71% - 

79% 

6 measurements 

Eff range: 78% - 

88% 

1,000 and 

larger 
No data No data No data 

1 measurement 

Efficiency: 76% 
No data No data 

No data No data No data No data No data No data 
1 measurement 

Efficiency: 79% 

For gas fired steam boilers equipped with linkage controls, DNV calculated average efficiency values for each boiler size 

and steam pressure. The average values of efficiency measurements listed by boiler size and pressure are presented in 

Table B-4. 

Table B-4. Steam boilers with linkage controls – average of efficiency measurements by size and steam pressure 

 

For steam boilers with linkage controls, the team calculated average AHPE values by capacity and steam supply pressure. 

The AHPE values are a function of the steam pressure only for boilers larger than 500 HP. The team also determined the 

Size (bhp) \ Pressure (psig)
1.5 5 6 7 8 10 11 11.5 12 15 25 35 50 60 68 70 80 90 100 110 120 125 130 150 200 250

40 0% 0% 0% 0% 0% 0% 0% 0% 0% 84% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

65 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 71% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

70 0% 0% 0% 0% 0% 0% 86% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

80 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 82% 0% 0% 0% 0% 0% 0% 0% 0% 0%

84 0% 0% 0% 81% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

96 0% 0% 0% 0% 0% 82% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

125 0% 0% 83% 0% 85% 0% 0% 76% 75% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 84% 0% 0% 0% 0%

150 0% 0% 0% 0% 0% 82% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 81% 0% 0%

200 0% 0% 0% 0% 81% 88% 0% 0% 85% 0% 0% 0% 87% 81% 0% 0% 0% 0% 84% 0% 84% 0% 0% 82% 0% 0%

234 0% 0% 0% 0% 0% 0% 0% 0% 86% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

250 81% 0% 0% 0% 0% 86% 86% 84% 82% 84% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 82% 0% 0% 0% 0%

300 0% 0% 0% 0% 0% 86% 0% 0% 0% 0% 0% 86% 0% 84% 0% 0% 0% 0% 84% 83% 0% 0% 0% 0% 0% 0%

350 0% 0% 0% 0% 0% 82% 0% 0% 0% 87% 0% 0% 87% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

400 0% 86% 0% 0% 0% 84% 0% 0% 0% 0% 0% 0% 0% 86% 0% 83% 0% 84% 0% 0% 0% 0% 0% 0% 0% 0%

500 0% 0% 0% 0% 0% 85% 0% 0% 84% 0% 83% 0% 84% 0% 0% 0% 0% 0% 80% 0% 84% 81% 0% 0% 79% 0%

600 0% 0% 0% 0% 0% 0% 0% 0% 86% 84% 0% 0% 0% 0% 0% 0% 0% 0% 77% 0% 81% 82% 83% 0% 0% 71%

700 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 77% 0% 0% 0% 0% 0% 0% 0%

800 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 87% 0% 0% 0% 0% 81% 0% 0% 82% 0% 0% 0% 0%

1070 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 78% 0% 0%
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AHPE is a function of the boiler capacity. The recommended AHPE values for steam boilers with linkage controls are 

presented in presented in Table B-5. 

Table B-5. Steam boilers with linkage controls – recommended AHPE values 

Capacity (HP) AHPE (%) 

0 – 99 81% 

100 – 499 84% 

500 and larger 
up to 99 psig: 85% 

more than 99 psig: 80% 

AHPE values presented in Table B-5 provide both implementers and evaluators an easy-to-use reference for measures that 

results in a reduction in the heating energy supplied by the gas-fired hot water boilers and should not be used for measures 

that impact the boiler controls or boiler replacements. 

The inventory of measurements for steam boilers with advanced controls is shown in Table B-6. 

Table B-6. Steam boilers with advanced controls – inventory of efficiency measurements 

Capacity 

(HP) 

Supply pressure (psig) 

0 - 9 10 - 49 50 - 99 100 - 199 200 and more 

0 – 99 No data No data No data No data No data 

100 – 499 
4 measurements 

Eff range: 83% - 84% 

35 measurements 

Eff range: 75% - 88% 

5 measurements 

Eff range: 84% - 85% 

2 measurements 

Eff range: 81% - 82% 
No data 

500 – 999 No data 
3 measurements 

Eff range: 83% - 86% 
No data 

7 measurements 

Eff range: 82% - 86% 
No data 

1,000 and 

larger 
No data No data 

3 measurements 

Eff range: 80% - 81% 
No data 

4 measurements 

Eff range: 84% - 

86% 

For steam boilers equipped with advanced controls, the team calculated average AHPE values by capacity and steam 

supply pressure. For gas fired steam boilers with linkage controls, the average efficiency values by size and pressure are 

presented in Table B-7. 



 
 

DNV – www.dnv.com  Page B-6

 

TableB-7. Steam boilers with advanced controls – average of efficiency measurements by size and steam pressure 

 

The AHPE values are a function of the steam pressure only for boilers larger than 500 HP. The team also determined the 

AHPE is a function of the boiler capacity. The recommended AHPE values for r steam boilers with advanced controls are 

presented in Table B-8. 

Table B-8. Steam boilers with advanced controls – recommended AHPE values 

Capacity (HP) AHPE (%) 

0 – 499 84% 

500 and larger up to 99 psig: 83% 

more than 99 psig: 82% 

AHPE values presented in Table B-8 above provide both implementers and evaluators an easy-to-use reference for custom 

measures that result in a reduction in the heating energy supplied by the gas-fired hot water boilers and should not be used 

for measures that impact the boiler controls or boiler replacements. 

Working group straw recommendations 
This section describes the recommended approach to applying a deemed AHPE for custom measures that result in a 

reduction in the heating energy supplied by the gas-fired hot water boilers and should not be used for measures that impact 

the boiler controls or boiler replacements projects. Based on details provided above, the Working Group proposes the 

following recommendations for approval by stakeholders: 

Size (bhp) \ Pressure (psig) 9 10 15 65 75 85 95 100 125 160 250 445 600

125 84% 0% 0% 0% 0% 0% 0% 81% 0% 0% 0% 0% 0%

200 0% 0% 0% 84% 0% 0% 0% 0% 0% 0% 0% 0% 0%

238 0% 0% 0% 0% 0% 84% 0% 0% 0% 0% 0% 0% 0%

350 0% 0% 0% 0% 0% 0% 0% 82% 0% 0% 0% 0% 0%

400 0% 0% 0% 0% 85% 0% 0% 0% 0% 0% 0% 0% 0%

600 0% 84% 86% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0%

638 0% 0% 0% 0% 0% 0% 0% 0% 0% 82% 0% 0% 0%

700 0% 0% 0% 0% 0% 0% 0% 0% 84% 0% 0% 0% 0%

800 0% 0% 0% 0% 0% 0% 0% 85% 83% 0% 0% 0% 0%

1000 0% 0% 0% 0% 0% 0% 81% 0% 0% 0% 0% 0% 0%

1500 0% 0% 0% 0% 0% 0% 80% 0% 0% 0% 0% 0% 0%

2550 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 85% 0%

3270 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 86%

5000 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 84% 0% 0%
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Evaluators and implementers use deemed AHPE values for custom thermal load 
reduction measures 
The Working Group recommends that both implementers and evaluators exclusively use approved deemed AHPE values 

when calculating savings for custom measures that reduce the thermal load on a boiler. These custom measures include 

steam traps, pipe insulation, envelope measures, and other similar measures.  

Implementers and evaluators may conduct boiler efficiency testing as part of a project implementation or evaluation for the 

purpose of expanding the population of boilers combustion test results, however, the deemed AHPE in effect at the time of 

the implementation of the measure, and not the site-specific test results, will be used to calculate the impacts of the 

evaluated measure. 

Likewise, implementers will be expected to use the deemed AHPE value in effect at the time of implementation for all 

thermal load reduction savings calculation. 

The deemed AHPE may be revised periodically, prospectively, as additional boiler combustion efficiency test data becomes 

available. 

Evaluators and implementers deemed AHPE values for custom thermal reduction 
measures 
The recommended AHPE deemed values are summarized in Table B-9. These values should be applied as of January 1, 

2023. 

Table B-9. Recommended AHPE values 

Boiler output Boiler Capacity (HP) Steam Pressure (psig) Boiler Controls AHPE (%) 

Hot water All capacities Not applicable 

Linkage 84% 

Advanced 85% 

Steam 

0 – 99 All pressures 

Linkage 81% 

Advanced 84% 

100 - 499 All pressures 

Linkage 84% 

Advanced 84% 

500 and larger 

0 - 99 

Linkage 85% 

Advanced 83% 

99 and larger 

Linkage 80% 

Advanced 82% 

AHPE values presented in Table B-9 above provide both implementers and evaluators an easy-to-use reference for custom 

measures that result in a reduction in the heating energy supplied by the gas-fired hot water boilers and should not be used 

for measures that impact the boiler controls or boiler replacements. 
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Steam Trap Tool calibration – methods 

Introduction 
On November 18, 2021, DNV presented an updated approach for evaluating steam trap projects incentivized through the 

custom gas program. During the call, stakeholders expressed an interest in reviewing some details associated with the 

proposed approach. This memo expands upon and clarifies the proposed methodology and responds to stakeholder 

questions. 

Custom steam traps contribute about 12% of custom savings, as indicated in Table C-1 presents a recent history of tracking 

savings and evaluation outcomes for the custom program. 

Table C-1. Steam trap projects historical results 

Period 

Traps Non-traps Combined 

Sites Tracking 
(therms) 

RR 
(%) 

RP 
(%) 

Sites Tracking 
(therms) 

RR 
(%) 

RP 
(%) 

Sites Tracking 
(therms) 

RR 
(%) 

RP 
(%) 

Three-year 
pooled 

26 3,392,717 88% 11% 65 24,550,858 81% 8.7% 85* 27,943,576 80% 8% 

PY2019 6 1,126,508 113% 12% 24 7,642,853 82% 23.9% 29* 8,769,361 83% 23% 

PY2018 7 1,238,856 82% 22% 20 8,792,624 70% 16.8% 25* 10,031,481 72% 15% 

PY2017 13 1,027,353 70% 23% 21 8,115,381 91% 10.2% 31* 9,142,734 87% 10% 

RR – realization rate 

RP – relative precision calculated for 80% confidence interval 

(*) – some evaluated sites had bot steam traps and non-steam traps projects installed 

Proposed approach description 
DNV proposed and the Working Group has recommended revising the approach to the steam trap gross impact evaluation. 

The proposed approach leverages the steam trap tool (STT), which is used statewide by all implementers to estimate ex 

ante savings. The STT is calibrated to site billing data using implementer ex ante inputs, which results in a calibrated model 

that accounts for both unobservable factors like the degree of failure for traps, and observable factors like steam pressure 

and hours of operation. In the proposed approach, the calibrated model outputs are the evaluated site gross savings when 

run with the ex-ante inputs for that site. 

The proposed evaluation method will include two evaluation activities: 
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 Determine a Steam Trap Realization Rate (STRR) with each custom gas evaluation. As with the current methodology, 

for each evaluation of the custom program, the population will be stratified into steam trap and non-steam trap 

segments and the sample will be allocated to the two strata to meet 80/10 confidence/precision efficiently for the custom 

program in total (based on the respective error ratios, savings contributions, and possibly evaluation costs). Each 

stratum will be designed to meet a minimum precision target (TBD). Unlike the current process, two RR will be 

developed, a STRR and non-STRR. The STRR will be a single statewide value while the non-STRR will include PA-

specific and statewide RRs following the current convention. 

Furthermore, the steam trap site evaluation will only examine and evaluate those parameters that a billing analysis may not 

capture, like orders-of-magnitude errors in data entry or when the steam system has been decommissioned. An abbreviated 

desk review and a short customer survey should be sufficient for data collection. The STRR is expected to be close to 1.0 

with a relatively low error ratio, as administrative errors are infrequent and usually small and system decommissioning rare. 

Like any gross realization rate, the STRR will be applied to program gross tracking savings to determine evaluated savings.  

 Calibrate the STT periodically. Periodically, the statewide STT will be recalibrated using a billing analysis model of an 

attempted census of participants. The calibration pool will exclude participants with billing data that fails quality 

screening and those that report non-routine events (NRE). The NRE’s will be identified during surveys of potential billing 

analysis candidates. The calibrated model will be released as the next authorized version of the STT. 

Like the current method, in the new method, steam traps will be evaluated each year as part of the rolling custom sample to 

determine the STRR. However, the data collection method will use the abbreviated file reviews and short surveys. Model 

calibration is a substantive evaluation effort. It entails an implementer engagement plan to ensure all implementers are 

prepared for the new tool version and begin using it at the appropriate time. Recalibration, if done every three years, can be 

synced with the PA three-year program cycle since it would follow the natural program cycle hence, facilitating the adoption 

of a new STT. Table C-2 summarizes the proposed evaluation activities for steam traps by year. Program three-year cycles 

are highlighted using different colors.  

Table C-2. Proposed evaluation cycle for steam traps 
Program Year 
Savings from: 2020 2021 2022 2023 2024 2025 2026 2027 2028 
Are reported in 
Annual Report 

2020 AR 
May 2021 

2021 AR  
May 2022 

2022 AR 
Oct 2023 

2023 AR 
Oct 
2024 

2024 AR 
Oct 2025 

2025 
AR 
Oct 
2026 

2026 
AR 
Oct 
2027 

2027 AR 
Oct 2028 

2028 AR 
Oct 2029 

Using Evaluation 
Report 
(PY evaluated 
year) 

MA20C01 
(PY18) 
3/31/21 

MA20C13 
(PY19) 
3/31/22 

MA20C01 
(PY18) 
3/31/21 

MA-CXX 
(PY21) 
~Sept 
22 

MA-CXX 
(PY22) 
~Sept 23 

MA-
CXX 
(PY23) 
~Sept 
24 

MA-
CXX 
(PY24) 
~Sept 
25 

MA-CXX 
(PY25) 
~Sept 26 

MA-CXX 
(PY26) 
~Sept 27 

With PY 
evaluations in the 
RR 

PY16-18 PY17-19 PY16-18 PY19-21 PY20-22 PY21-
23 

PY22-
24 

PY23-25 PY24-26 

STT calibration 
pool source 

PY15-17 PY15-17 PY15-17 PY18-20 PY18-20 PY21-
23 

PY21-
23 

PY21-23 PY24-26 

STT version STT v1 STT v1 STT v1 STTv2 STTv2 STTv3 STTv3 STTv3 STTv4 
STRR source NA NA NA PY19-21 PY20-22 PY21-

23 
PY22-
24 

PY23-25 PY24-26 

Measure life 
source 

EUL of 6 
years 

EUL of 6 
years 

EUL of 6 
years 

2022 
survey 

2022 
survey 

2024 
survey 

2024 
survey 

2024 
survey 

2027 
survey 

DNV has concluded that we can estimate the STRR using the discrepancy analysis from past on-site steam trap sites 

(PY2018-PY2020). The “Admin” discrepancy category largely captures the kinds of effects that will be discerned in the file 

reviews and customer surveys proposed in the new method. This new STRR could theoretically be applied to PY2021 
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savings reported in 2022. However, the method will first be applied to 2020 program savings for the 2022 Annual Report 

(October 2022) to synchronize all the proposed steam trap method changes.  

The model calibration (for version STT v2) now in progress will be incorporated into a model released for implementer use 

for PY2023. DNV proposes the next calibration be conducted in time to produce a new tool for deployment in PY2025, 

bringing the tool version in sync with the program cycle. After that, calibration would occur every three years assuming 

similar contributions to program savings.  

Identifying and reducing data entry errors 

DNV proposes that within the custom rolling cycle, the steam traps sample design should be stratified into two bins: Irregular 

Savers and Regular Savers. Any site with savings exceeding a specified fraction of the annual usage would be binned as 

“Irregular” and all others would be binned as “Regular.” A portion of “Irregular” projects will be selected for file review and the 

customer survey to ensure consequential administrative type errors are caught. A file review and customer survey will be 

conducted for a sample of “Regular.”  

We want to note that the STT has had features added (or features that will be added in the next version) to decrease the 

likelihood of mis-keying. These features include: 

 One record per repaired steam trap prevents someone from inadvertently keying in a quantity of “1000” when “100” was 

intended. 

 Other inputs are constrained by pick-list inputs that modulate magnitude (like orifice diameter and hours of operation). In 

the next version, a make-model database will reduce errors further. Line pressure is an exception, and it is possible that 

someone could enter “50” or “500” instead of an intended 5. However, the pressure is entered for each trap so it is 

unlikely an error like this would propagate across all traps. 

 In the next revision of the STT, the implementer is required to enter an annual gas usage to facilitate self-checking of 

the savings fraction.  

DNV response to stakeholder questions 
This section presents the DNV response to questions raised by the stakeholders. 

Q.1. Should the evaluators adopt a dedicated approach for evaluating steam traps? 

Steam traps savings hinge on quantifying parameters that are difficult to observe. In 2017, the decision was made to 

calibrate the STT savings estimates with billing data to account for these unobservable conditions. The proposed method 

addresses a shortcoming of the current steam trap tool evaluation method which double-counts savings adjustments once in 

the calibration, and again with some of the observations made on-site, like failed traps and poor estimates of pressure or 

hours of use. Evaluating savings using desk reviews and short surveys coupled with a robust billing analysis-informed tool is 

a very different approach than the site-specific M&V approach used for other custom measures. The proposed approach is a 

dedicated approach in that it is distinct from other custom measures. DNV recommends implementing the proposed 

dedicated method because it corrects a shortcoming in the current evaluation approach, producing more accurate results, 

and it should reduce evaluation costs over the three-year cycle. 

There are downsides to this proposed approach. First, on-sites provide explanations for savings shortfalls, and billing 

analysis does not. We know that hours of operation are a significant source of discrepancies because our engineers have 

been on-site and have used customer interviews and metering to improve hours estimates. With the proposed method, that 

view of what is happening on-site will not be available.  
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However, given the contribution of steam traps to custom savings and the uncertainty still present even with site visits, DNV 

concludes that this approach is a good balance.  

How does the dedicated approach influence the sample design used for evaluating the custom gas program? 

As described in the introduction, the overarching approach to custom sampling does not change. For each evaluation of the 

custom program, the program will be stratified into steam-trap and non-steam trap segments and the sample will be 

allocated to the two strata to meet 80/10 confidence/precision efficiently for the custom program in total. What will change, is 

that the stratification of traps is unique to the steam-trap segment (high-level segmentation of Irregular vs. Regular). Like 

today’s sampling approach, the precision target is intended to be met at the total custom program, not for the population of 

steam traps projects alone. 

With the proposed approach, we anticipate some reduction in the error ratio for the ST stratum, which could allow some 

reduction in the size of the ST sample. Perhaps more useful, since the proposed ST evaluation method is less costly on a 

per-site basis, we could maintain or even increase the ST sample size and somewhat reduce the non-ST sample size, while 

still achieving 80/10 confidence/precision for custom gas overall. 

What, if any, is the role prospectively for on sites within the dedicated steam trap approach? 

Table C-3 summarizes the current and proposed methods for accounting for steam trap discrepancies. In the revised 

method, the first highlighted parameters will be accounted for in the same manner as they are today. The non-highlighted 

parameters are currently observed on-site by the evaluation engineer and used to revise STT inputs. Under the new 

method, these parameter discrepancies will not be explicitly identified, but will be accounted for by the model calibration. 

While on-sites, unlike billing analysis, facilitate understanding the sources of discrepancies, the DNV team has concluded 

that adding on-sites would not provide enough benefit to warrant the cost, given the small contribution of steam trap savings 

to the custom program. 

Table C-3. Method to account for discrepancies  

Parameter Current Approach Proposed Approach 
Steam system in place Customer interview Customer interview 
Admin errors: 
incorrect tool version, 
transcription errors 

Desk review of project files Desk review of project files 

Trap venting to 
atmosphere 

Calibration Calibration 

Trap status/leak factor 
(LF) 

Calibration Calibration 

Annual hours (hr/yr) – 
this is the largest 
source of 
discrepancies 

Customer interviews, metering to determine 
system hours by pipeline, and billed 
consumption 

Calibration 

Trap pressure (P) Observe gages Calibration 
Boiler combustion 
efficiency (η) 

Select correct deemed efficiency Calibration 

Quantity of traps 
repaired 

Cross check a sample of traps with inventory Calibration 

Trap characteristics, 
like orifice size 

Cross check a sample of traps with inventory Calibration 

Trap repair state Sample of traps inspected to determine if 
failed/operating. 

Calibration 

Table C-3 indicates that most parameter input errors that are identified via on-site observation in the current approach are 

accounted for by the model calibration. The errors not accounted for in the calibration are indicated in Table C-4. 
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Table C-4. Discrepancies not accounted for in the model calibration 

Discrepancy Source Why not accounted for in model calibration 
Steam system removal Sites with steam systems removed excluded from the 

calibration process 
Wrong tool used Calibration is only of the currently applicable tool 

Tool outputs incorrectly entered into tracking Error is outside the calibrated tool. We calibrate to 
billing data, not to tracking. 

Tool inputs off by orders of magnitude Extreme % savings cases excluded from the 
calibration process 

If we adopt the new approach, how do we account for admin errors, project that have not been installed, or projects 

that have been removed (earlier than six years – current measure life for steam traps measures) 

We have proposed the STRR sample design and data collection method (file reviews and short customer surveys) to 

capture the admin errors and the decommission of steam systems very similar to the parameters we capture now. 

Decommissioning systems is rare – we have had one example in the last five years. It is straightforward to determine 

through customer interviews. 

If we adopt the new approach, how do we leverage past on-sites? 

DNV proposes to estimate a rolling three-year (PY2018-PY2020) STRR using the on-site steam trap samples from PY2018 

and PY2019 and by applying the new method with file reviews and customer surveys of PY2020 projects – the evaluation 

that is now in progress. We will review the past evaluation results for the types of discrepancies we intend to capture in the 

proposed method STTR. We would no longer plan to conduct on-site M&V of the current steam trap sample, but instead, 

resample, following the Suspicious/Other stratification described earlier and sample for the file review and customer survey 

data collection. 

Should we use the results of PY2019 custom gas evaluation study to enhance the results? 

The PY2019 GRR results included the “double whammy” effect of adjusting individual parameters based on on-sites while 

also applying a tool whose calibration adjusted for similar errors. Thus, the 2019 reported result is not recommended for re-

use. However, we do propose to make use of the existing sample data, by extracting from each site the corrections not 

accounted for by calibration, per Table C-4 above. Both PY2019 and PY 2018 STT sample points will be used in this way, to 

develop the PY2018-PY2020 3-year STRR. 

How does the dedicated approach influence the steam trap sites already elected as part of the PY2020 custom gas 

study? 

The current steam trap sample selected for on-site M&V will be suspended. Instead, the DNV team will resample steam 

traps to conduct an STRR evaluation of PY2020 projects as discussed earlier. The remaining custom sample will be revised 

as noted above and is expected to either reduce the existing non-trap sample or keep it the same size. 

Budget implications 
DNV’s expectations are that the new method will reduce steam trap evaluation costs, even with the inclusion of the revised 

direct to net method proposed for steam traps, although this is not a topic discussed in this memo. Table C-5 presents the 

budget projection for a three-year evaluation cycle. 
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Table C-5. Steady state three-year custom program budget 

Cost Component Current Method Proposed Method 
Custom gas program impact evaluation – average cost per three 
annual studies for both steam traps and non-stream traps. Average of 
9 steam trap sites per year for a total of 27 sites per three years. No 
on-sites with the proposed method. It is possible that the non-steam 
trap sample may be smaller, reducing costs further.  

$2,160,000 $1,760,000 

Desk review and customer survey – average cost per three annual 
studies. Sample sizes will likely be smaller due to a lower error ratio. 
However, this assumes a worse case 27 sites. 

N/A $40,500 

Model Calibration – average cost for one calibration every three 
years. The model calibration which includes customer surveys to 
confirm NRE status effort is the same for both the existing and 
proposed method. However, the old method did not calibrate every 
three years. 

$150,000 $120,000 

Direct to net. The current model includes surveys targeting steam 
trap participants approximately every three years. The new method will 
employ a net to gross approach administered every three years. 

N/A $112,000 

Total ~$2,310,000 (does 
not include the cost 
of net-to-gross 
research) 

~$1,992,000 

The budget for the current PY2020 custom impact evaluation and the current steam trap study will depend upon the revised 

final sample size of the ST and non-trap sample should the new method be adopted. 
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 STEAM TRAP TEST & REPAIR FREQUENCY 

During the third Working Group session on 8/29/2021, the following topics were discussed: 

1. Steam trap test and repair frequency survey results 

2. Steam trap tool calibration 

This Appendix addresses the first topic and summarizes the research, findings, and recommendations with input from the 

Working Group #3 session. 

Objective 
To determine the frequency of steam trap testing and repair (T&R) practices, both with the program and absent the program 

and how those practices inform an updated adjusted measure life (AML) for the measure that is currently the 6-year 

technical equipment half-life. 

Background 
The current TRM measure life is 6 years, which is the estimated half-life of a steam trap repair—that is, the time at which 

half of repaired traps will have failed again. During the gross impact evaluation of the PY2019 Custom Gas program, the 

evaluators determined that if a site would be conducting T&R even without the program, then the duration of the savings 

from a program repair is not the time to the trap failure, but the time until the trap would otherwise have been repaired. 

Likewise, if a site is conducting test/repair more frequently by participating in the program, the savings duration is the 

difference in the average time spent in failure with versus without the program. This difference is the “net” duration of 

savings, accounting for the difference between what is done with the program and what would have been done absent the 

program Accordingly, this task was designed to determine the average time between trap repairs with and without the 

program to calculate the steam trap AML more appropriate for the program.  

To complete this task, the team used the population of Massachusetts steam trap program participants to recruit a sample of 

customers to participate in the survey. The team reviewed program data from the past ten years (PY2011-2020) with a focus 

on identifying recurring participants between program years 2015 and 2020, and the frequency with which they participated 

in the program. The survey was developed with two key sections: 

1. The first used program data to help confirm current steam trap T&R rates and update those rates to include non-

program testing events if they occurred within the six-year period. This section determined the current frequency, or 

post frequency. 

2. The second section asked a similar battery of questions, but with a focus on behavior absent the program. This 

information determined the baseline frequency. 

Ultimately, the results of the survey were used to determine the program impacts on participants and determine a more 

appropriate AML considering the T&R practices at participating facilities. 

Sample design 
Within the custom gas program population, the team identified a total of 336 facilities who have repaired/replaced steam 

traps through the program over the past 10 years. Measures in the population of data were aggregated to sites based on a 

“single organization at a single location” basis. The sample design used stratification to achieve the study’s objectives. DNV 

stratified the sites by: 
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 Industry type – DNV used this variable expecting there to be different T&R protocols based on the customer type. 

Industries were consolidated into three overarching categories based on expected similarities in steam trap 

management or protocols: 

‒ Campus – consists of hospitals, universities/academia, laboratories, power plants, and nursing/rehab facilities. 

‒ Manufacturing – consists only of manufacturing facilities. 

‒ Other – consists of primary/secondary schools, municipal, hotels, assembly, finance/insurance, corrections, offices, 

multifamily, laundry, restaurants, and other facilities. Most of the individual business types in this category do not 

have a large enough population size to constitute their own strata. 

 Frequency of program participation – DNV used this variable expecting facility T&R facility protocols have been 

influenced differently dependent upon the frequency of repeat participation in the program. This is broken out by 

frequencies of once, twice, or “recurring,” meaning more than twice, over the 10 years (PY2011-2020) of available 

tracking data. 

Table D-1 shows the sample strata, the sample size within each stratum, and the initial case weight for each stratum, which 

is the ratio of population count to sample size.  

Table D-1. Steam trap test and repair survey sample by stratum 

Category 

Strata 

Savings 

% 
Savings 

Population 
Sample 

Size Precision 

(therms) (N) (n) 
(90% 
conf.) 

Case 
weight 
(N/n) 

Campus 
Once 934,760 14% 76 7 30% 10.9 
Twice 1,197,787 18% 41 10 23% 4.1 

 Recurring 2,234,428 34% 37 17 15% 2.2 
 Overall 4,366,975 66% 154 34 12% 4.5 
Manufacturing Once 496,636 8% 27 2 56% 13.5 

 Twice 290,245 4% 15 3 42% 5.0 
 Recurring 152,207 2% 5 1 74% 5.0 
 Overall 939,088 14% 47 6 31% 7.8 
Other Once 565,714 9% 97 5 36% 19.4 

 Twice 319,529 5% 24 2 56% 12.0 
 Recurring 385,078 6% 14 3 42% 4.7 

 Overall 1,270,321 19% 135 10 25% 13.5 
Overall Overall 6,576,384 100% 336 50 11% 6.7 

Customer outreach 
To reach the identified target of 50 survey completes, DNV used a blanket approach for recruitment where all sites in the 

population were contacted until the strata sample size was achieved. The recruiting success rate was much lower than 

expected, even after DNV began to promote incentives partway through the process. Table D-2 provides a breakdown of the 

final status for all customers in the population. For the 336 participants in the population, the team reached out a total of 584 

times with a mixture of emails and phone outreach. The ratio of recruited participants to total population is 6%. 
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Table D-2. Customer disposition 

Disposition Type Number of Sites 
Business closure 3 
Completed 20 
Do not contact 22 

Email undeliverable, no phone 12 
No contact info 20 
Partial complete 4 
Refused 13 
Seasonal, unavailable until September 2 
Unresponsive 240 

Table D-3 provides a further breakdown of the completed surveys to show completes per the initial strata groups developed 

for the sample design. 

Table D-3. Completed surveys per strata 

Strata 
Desired Sample 

size Completed surveys 
CampusOnce 7 5 
CampusTwice 10 3 
CampusRecurring 17 4 

ManufacturingOnce 2 1 
ManufacturingTwice 3 0 
ManufacturingRecurring 1 0 
OtherOnce 5 4 
OtherTwice 2 1 
OtherRecurring 3 2 

Total 50 20 

Analysis methodology 
The team used the survey results to determine an updated AML. For each respondent, the survey results provide the 

test/repair cycle length L—that is, the typical time between test/repair event for a given trap—with and without the program. 

From this information, we calculated the average time a failed trap will stay failed with and without the program. This is the 

average time from the time of failure until the next test/repair event given the cycle length. We also calculated the proportion 

of traps that will have failed by the end of the cycle length. These quantities are determined from the baseline and with-

program cycle lengths LB and LP, respectively, and the assumed exponential failure rate, described further below. 

AML calculation for a given site 

The avoided trap-years in failure for a given baseline cycle length is the difference in total trap-years in failure over this 

period with versus without the program. The first step is to calculate the total trap-years in failure over the baseline period 

with the baseline cycle length: 

𝑇𝑟𝑎𝑝 𝑦𝑒𝑎𝑟𝑠 𝑖𝑛 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑤𝑖𝑡ℎ𝑜𝑢𝑡 𝑝𝑟𝑜𝑔𝑟𝑎𝑚 𝑜𝑣𝑒𝑟 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑐𝑦𝑐𝑙𝑒

Avg time in failure per failed trap, with program Avg time in failure per failed trap, without program

# traps failed by end of baseline cycle 𝐿  

The corresponding trap-years in failure with the program, over the same length of time as in the baseline case, is: 
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𝑇𝑟𝑎𝑝 𝑦𝑒𝑎𝑟𝑠 𝑖𝑛 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑔𝑟𝑎𝑚 𝑜𝑣𝑒𝑟 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒 𝑐𝑦𝑐𝑙𝑒

Avg time in failure per failed trap, with program # traps failed by end of pgm cycle 𝐿

#pgm cycle lengths per baseline cycle   

Then, take the difference between these two total trap-years in failure over the same length of time and divide by the 

number of repairs conducted by the program over that period of time. This is the average avoided trap-years of failure per 

repaired trap on the with-program cycle. That is, calculate: 

𝐴𝑀𝐿0  
𝑇𝑟𝑎𝑝 𝑦𝑒𝑎𝑟𝑠  𝑇𝑟𝑎𝑝 𝑦𝑒𝑎𝑟𝑠

# traps failed by end of pgm cycle 𝐿
𝐿
𝐿

 

Where, 

𝑇𝑟𝑎𝑝 𝑦𝑒𝑎𝑟𝑠   = trap-years in failure without the program over baseline cycle 

𝑇𝑟𝑎𝑝 𝑦𝑒𝑎𝑟𝑠   = trap-years in failure with the program over baseline cycle 

If all tests conducted on the with-program cycle are conducted through the program, AML0 is the avoided time in failure per 

program-repaired trap, which is AML. To account for cases where only a fraction of the tests on the with-program cycle are 

through the program, the full AML calculation is  

𝐴𝑀𝐿  
𝐴𝑀𝐿0

𝑓𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝑜𝑓 𝑟𝑒𝑝𝑎𝑖𝑟𝑠 𝑜𝑛 𝑡ℎ𝑒 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑔𝑟𝑎𝑚 𝑐𝑦𝑐𝑙𝑒  𝑡ℎ𝑎𝑡 𝑎𝑟𝑒 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑡ℎ𝑒 𝑝𝑟𝑜𝑔𝑟𝑎𝑚
 

This adjustment to the AML calculation can be understood as capturing the effect of spillover. For example, suppose that a 

particular site tests through the program once a year, but with the program testing occurs twice a year, while without the 

program testing would be only once every 6 years. Then the program is responsible for changing the test/repair cycle from 

every 6 years to every 6 months. The avoided trap-years in failure per trap tested in the with-program scenario (AML0) is 2.2 

years. However, the avoided trap-years in failure per trap tested by the program is twice that, or 4.4 years.  

This adjustment can result in a project with an AML that is larger than the technical life of the measure—because the 

“spillover” effects of additional test/repair events attributable to the program are accounted for in the AML, just as the “free 

rider” effects of test/repairs that would have been done without the program are reflected in cases of low project-level AML. 

The reported average time between tests and the proportion of traps tested each time together determine the empirical 

testing cycle length (L) per trap. The survey data were used to calculate this cycle length with the program, LP, and the 

hypothetical cycle length absent the program, that is, the baseline cycle length LB.  

At each test/repair event at the end of a cycle length L, the proportion of tested traps that are found failed and then repaired 

is estimated by the exponential cumulative failure proportion F(L). The average time that a failed trap stays in failure before 

being repaired at the next test/repair event is denoted by η and is a function of the cycle length L. The avoided time in failure 

per tested trap in moving from baseline cycle length to the program-influenced cycle length is based on an assumed 

exponential failure rate, with a median time to failure of 6 years, consistent with the technical measure life in the TRM.  

Figure D-1 illustrates an example of the failure and repair pattern for a baseline cycle of 4 years and with-program cycle of 1 

year. 
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Figure D-1. Proportion of traps failed and cumulative repaired versus time 

 

The following equations are used:3 The derivations are in the paper referenced. 

𝐶𝑦𝑐𝑙𝑒 𝐿𝑒𝑛𝑔𝑡ℎ 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑔𝑟𝑎𝑚: 𝐿   

% 

       (1) 

𝐶𝑦𝑐𝑙𝑒 𝐿𝑒𝑛𝑔𝑡ℎ 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒: 𝐿𝑩    
%  

      (2) 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡𝑟𝑎𝑝𝑠 𝑓𝑎𝑖𝑙𝑒𝑑 𝑎𝑡 𝑒𝑛𝑑 𝑜𝑓 𝑐𝑦𝑐𝑙𝑒 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑔𝑟𝑎𝑚: 𝐹 𝐿 1 𝑒    (3) 

𝑃𝑟𝑜𝑝𝑜𝑟𝑡𝑖𝑜𝑛 𝑜𝑓 𝑡𝑟𝑎𝑝𝑠 𝑓𝑎𝑖𝑙𝑒𝑑 𝑎𝑡 𝑒𝑛𝑑 𝑜𝑓 𝑐𝑦𝑐𝑙𝑒 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒: 𝐹 𝐿 1 𝑒     (4) 

𝑇𝑜𝑡𝑎𝑙 𝑓𝑎𝑖𝑙𝑒𝑑 & 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑎𝑡 𝑒𝑛𝑑 𝑜𝑓 𝑐𝑦𝑐𝑙𝑒 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑔𝑟𝑎𝑚: 𝑅 𝐹 𝐿    (5) 

𝑇𝑜𝑡𝑎𝑙 𝑓𝑎𝑖𝑙𝑒𝑑 & 𝑟𝑒𝑝𝑎𝑖𝑟𝑒𝑑 𝑎𝑡 𝑒𝑛𝑑 𝑜𝑓 𝑐𝑦𝑐𝑙𝑒 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒: 𝑅 𝐹 𝐿      (6) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑖𝑚𝑒 𝑡𝑜 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑔𝑟𝑎𝑚: 𝜇 𝜇 𝐿      (7) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑡𝑖𝑚𝑒 𝑡𝑜 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒: 𝜇 𝜇 𝐿      (8) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑦𝑒𝑎𝑟𝑠 𝑖𝑛 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑓𝑜𝑟 𝑓𝑎𝑖𝑙𝑒𝑑 𝑡𝑟𝑎𝑝𝑠 𝑤𝑖𝑡ℎ 𝑝𝑟𝑜𝑔𝑟𝑎𝑚: 𝜂  𝐿 𝜇    (9) 

𝐴𝑣𝑒𝑟𝑎𝑔𝑒 𝑦𝑒𝑎𝑟𝑠 𝑖𝑛 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝑓𝑜𝑟 𝑓𝑎𝑖𝑙𝑒𝑑 𝑡𝑟𝑎𝑝𝑠 𝑏𝑎𝑠𝑒𝑙𝑖𝑛𝑒: 𝜂  𝐿 𝜇     (10) 

𝐴𝑣𝑜𝑖𝑑𝑒𝑑 𝑡𝑟𝑎𝑝 𝑦𝑒𝑎𝑟𝑠 𝑖𝑛 𝑓𝑎𝑖𝑙𝑢𝑟𝑒 𝐴𝑇𝑌𝐹 𝐹 𝐿 𝜂 𝐹 𝐿 𝜂    (11) 

𝐴𝑀𝐿           (12) 

Where, 

𝑄 𝑒𝑣𝑒𝑛𝑡𝑠    = Quantity of testing events with the program (survey responses) 

 
 
3 https://aceee2022.conferencespot.org/event-data/pdf/catalyst_activity_32562/catalyst_activity_paper_20220810191622367_066cf9e7_7ec0_41c8_910b_7c895b6022fc  
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𝑄 𝑒𝑣𝑒𝑛𝑡𝑠   = Quantity of testing events without the program (survey responses) 

% 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦   = Percentage of facility tested with each event with the program (survey responses) 

% 𝑓𝑎𝑐𝑖𝑙𝑖𝑡𝑦   =Percentage of facility tested with each event without the program (survey responses) 

6   = Period of time to determine frequency (2015-2020) 

𝜇   = 𝑠𝑡𝑒𝑎𝑚 𝑡𝑟𝑎𝑝 𝑚𝑒𝑎𝑛 𝑡𝑖𝑚𝑒 𝑡𝑜 𝑓𝑎𝑖𝑙𝑢𝑟𝑒, 8.7 𝑦𝑒𝑎𝑟𝑠4 

Program-Level AML 

The overall program-level AML was calculated from the site-level AMLs determined from the survey data as a weighted ratio 

estimator, consistent with other ratio estimators calculated for impact analysis. Specifically, the team calculated: 

𝐴𝑀𝐿  
∑ 𝑤 𝑆 𝐴𝑀𝐿
∑ 𝑤 𝑆

 

Where, 

wj = sample expansion weight for site j 

Sj = annual savings for site j 

AMLj = survey-based AML for site j 

The numerator of this program-level AML formula is the sample-based estimate of total program lifetime savings. The 

denominator is the corresponding estimate of total program annual savings. The resulting AMLprogram is the value that 

multiplies total program annual savings to produce total program lifetime savings. 

The weights wj were calculated as the ratio of population count to sample count for the sampling cell containing site j. The 

original survey sample design was stratified by three business types (manufacturing, campus, other) and three frequencies 

of past participation (once, twice, more than twice). Because the achieved sample did not meet the planned targets and had 

several cells with no responses, the original stratification was collapsed to two business types (campus and manufacturing 

vs other) by two frequencies (once, more than once). Stratum weights were calculated by these collapsed stratification cells. 

Results 
The team processed and analyzed the survey results from 20 program participants to determine cycle length and program 

influence. The cycle length includes the impact of the percent of the facility tested during an individual testing event per the 

equations above. As an example, if a participant conducts testing events once a year but only tests 25% of their inventory, a 

single trap will be tested every 4 years.  

The questionnaire contained instances where the survey participants did not respond or were unsure of a response for some 

questions. For respondents who said they did not know what the test/repair frequency would be absent the program (which 

was one participant), we assigned a ratio of the average known post frequency over the average known baseline frequency, 

which was calculated from all participants who provided responses to the questionnaire. This ratio was applied to the known 

frequency of the site to estimate the baseline frequency. We then applied three different scenarios for respondents who said 

they would never test absent the program (5 participants): 

 
 
4 Based on exponential failure with median time to failure equal to 6 years 
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1. Assign a baseline cycle length of 9 years for “never” responses. At 9 years, with exponential failure and a 6-year 

half-life, a facility should experience about ¾ of their inventory at a failed state. 

2. Assign a baseline cycle length of 20 years for “never” responses. 

3. Assign a baseline cycle length of 30 years for “never” responses. 

The 20- and 30-year assumptions are based on the idea that even if there is no regular or intermittent test/repair, there will 

be occasional major system overhauls that would entail general test/repair. 

For all respondents that said they would never test absent the program, we assumed that if they did conduct a testing event, 

they would still test the same percentage of the facility as they would with the program. We also varied scenarios to allow for 

possible misinterpretation of the survey question on testing frequency. Under the first variation, we assumed that the 

reported cycle lengths (baseline and with-program) already accounted for the fraction of the facility tested each time, that is, 

we did the calculation as if 100% of the traps were tested each time. Under the second variation, we assumed that only 25% 

was tested each time, regardless of the survey response. Table D-4 presents the different scenarios DNV used to model the 

cycle length (L) between repairs. 

Table D-4. Scenarios and their variations – repair practices absent of program 

Scenario/Variation 
Survey 

Response DNV Assumption 

Scenario 1 

“Never” 

Trap Surveys conducted every 9 years and assumed the % of the facility tested 
would be the same with or without the program if the respondent answered “never” 
or “don’t know” 

Scenario 2 
Trap Surveys conducted every 20 years and assumed the % of the facility tested 
would be the same with or without the program if the respondent answered “never” 
or “don’t know” 

Scenario 3 
Trap Surveys conducted every 30 years and assumed the % of the facility tested 
would be the same with or without the program if the respondent answered “never” 
or “don’t know” 

Scenario 1 
Variation 1 

Trap Surveys conducted every 9 years and 100% of the facility would be tested with 
or without the program, applied to all respondents 

Scenario 1 
Variation 2 

Trap Surveys conducted every 9 years and 25% of the facility would be tested with 
or without the program, applied to all respondents 

Using 𝐿  and 𝐿  values and equations (3) – (12) presented in the Section above, DNV calculated AML values for each of 20 

completes. For the final results, the team assumes a 30-year baseline cycle length for those who reported never testing as 

their baseline, with no variations. Results are presented in Table D-6, with and without the correction for spillover test/repair 

events—that is, for additional test/repair events attributable to the program but outside of it. The table also shows the effects 

of different weighting. Results with spillover are consistently higher than without, as expected. The recommended AML is the 

calculation including the spillover correction, using the stratified ratio estimator. Some variation occurs with different 

weighting, but all weighting approaches lead to a rounded AML of 3 years. The 80% confidence interval for the ratio 

estimator is +1.1 years, or from 1.5 to 3.7 years. The resulting AMLs are presented in Table D-5. 
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Table D-5. AML results summary 

Weighting AML0 (no spillover) AML (including participant spillover) 

Simple average 2.04 2.74 

Simple savings-weighted 2.23 2.51 

Post-stratified sample weighted 1.94 2.68 

Stratified ratio estimator 2.28 2.59 

Std err of stratified ratio 0.82 0.82 

80% CI +/- 1.09 1.10 

The results lead to the conclusion that the current 6-year AML is overstating the lifetime of the measure. Based on the 

calculated results presented above, the team recommends proceeding with an AML of 3 years. This AML is reflective of the 

steam trap avoided time in failure due to the program, as opposed to the measure half-life. This AML also accounts for the 

effect of the program, including additional test/repairs done outside the program, no separate free-ridership or spillover 

adjustment is required. The NTGR is recommended to be 1.0 for the steam trap measure.  

As this is a direct-to-net approach, the overall impact for both the reduction in AML, and eliminating the separate net-to-

gross factor (which was 80%) results in a factor of 63%. The overall impact on lifetime savings is a reduction of 37% as 

shown in the following equation: 

𝐸𝑈𝐿 𝑁𝑇𝐺
𝐸𝑈𝐿 𝑁𝑇𝐺

 
3 100%
6 80%

63% 

As mentioned in the above sections, recruitment response rates were much lower than expected for this study. Out of the 50 

targeted sample points, DNV was able to recruit and survey 20 customers. The team discussed the implications of the small 

number of responses with the stakeholders and analyzed the statistical impact on the calculation of the proposed AML. 

There remains some uncertainty as to the potential bias in the presented results given the low overall response rate of 6%. 

However, we have no specific reason to believe the program influence on test/repair frequency is substantially different for 

respondents than for nonrespondents. Based on the results presented above given the low response, the results precision 

vary between 1.5 and 3.7 years at an 80% confidence interval. 

To report savings, PAs are expected to use the following equations to determine net annual and net lifetime savings: 

𝑁𝑒𝑡 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 𝑡ℎ𝑒𝑟𝑚𝑠  𝐺𝑟𝑜𝑠𝑠 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 GRR NTGR 

𝑁𝑒𝑡 𝐿𝑖𝑓𝑒𝑡𝑖𝑚𝑒 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 𝑡ℎ𝑒𝑟𝑚𝑠  𝐺𝑟𝑜𝑠𝑠 𝐴𝑛𝑛𝑢𝑎𝑙 𝑆𝑎𝑣𝑖𝑛𝑔𝑠 GRR NTGR AML 

Where, 

𝐺𝑅𝑅    = Gross realization rate for steam traps, 95% (updated annually expected close to 

100%) 

𝑁𝑇𝐺𝑅   = Net-to-gross, 1.0 (fixed value) 

𝐴𝑀𝐿   = Adjusted measure life, 3 (consider updating after conducting future surveys) 

Working Group straw recommendations 
The Working Group proposes the following recommendations for approval by stakeholders: 
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Evaluators and implementers use an updated AML of 3 years for the steam trap 
measure 
The Working Group recommends that both implementers and evaluators use an updated direct to net AML of 3 years for the 

steam trap measure as opposed to the current value of 6 years. Since the methodology for this work follow a “direct to net” 

approach, a net-to-gross value does not need to be applied to lifetime measure level savings during post processing. 

Lifetime savings will be equal in both gross and net. 

Implementers update the BCR model with the updated AML and NTG for the steam 
trap measure 
It is recommended to update the BCR tool with the new AML of 3 years and NTG ratio of 100% to ensure steam trap 

projects are calculating the appropriate lifetime savings. 
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 CATI SURVEY INSTRUMENT FOR MA CIEC STEAM TRAP 
TEST & REPAIR FREQUENCY 

INTRODUCTION AND SCREENING 

Intro1. Hello, my name is __________, and I’m calling on behalf of <PA>, and Mass Save. This is not a sales call. 

We are conducting research on steam traps in Massachusetts buildings.  

I’d like to speak with the person who is most familiar with the heating equipment in your organization’s space at 

[address]. Could you tell me who that would be? 

[IF HELPFUL: SAY: “IT IS USUALLY THE PERSON RESPONSIBLE FOR BUILDING OPERATIONS OR 

MAINTENANCE.”]  

[IF NECESSARY: YOU CAN VERIFY THE LEGITIMACY OF THIS RESEARCH BY CALLING [Alex Abbruscato from 

Eversource AT (781) 441-8105, or Aakanksha Dubey from National Grid AT (781)-907-4553.] 

01 Person answering phone is the appropriate contact  Intro4 

02 

Person answering phone is not key contact but provides 

name of key contact [RECORD FIRST and LAST NAME 

OF CONTACT] Intro1a 

97 

[Don’t Know] 

Intro 1-97: If respondent did not know phone # 

of maintenance officer, obtain phone # of 

building management/maintenance office and 

after calling this office, repeat Intro1 

98 [Refused] Terminate 

Intro 1- 97. If person answering the phone did not know # of maintenance officer, obtain the phone number of 

building management/maintenance office. Go back to Intro 1 and call new contact/building mgmt office 

Intro1a. What is [CONTACT NAME]’s title? 

01 [RECORD CONTACT title] 

Intro2 

 

97 [Don’t Know] 

98 [Refused] 

Intro2. What would be a good time to reach <contact>  

01 [RECORD DAY and TIME] 

Intro3 97 [Don’t know] 

98 [Refused] 
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Intro3. What is a good phone number for <contact>? [IF RESPONDENT WON’T/CAN’T PROVIDE PHONE #, TRY TO 

OBTAIN EMAIL ADDRESS] 

01  [RECORD CONTACT PHONE NUMBER & EMAIL] 

Intro7 

 

97 [Don’t Know] 

98 [Refused] 

Intro4. Can I get your name and title? 

01 [RECORD FIRST and LAST NAME] 

Intro5 

 
97 [Don’t know] 

98 [Refused] 

Intro5. Are you available now to assist in completing our survey? We estimate this will take approximately 15-30 

minutes of your time. 

01 [Yes] Intro9 

02 [No] 

Intro6 97 [Don’t know] 

98 [Refused] 

Intro6. What date and time works best for you? 

01 [Record Answer_______] Instructions 1: RECORD DATE & TIME AND 

START WITH F1 DURING THE SCHEDULED 

INTERVIEW 97 [Don’t know] 

98 [Refused] Terminate 

Intro7. Hello, my name is _____, and I’m calling on behalf of <PA > and Mass Save. It is my understanding that you 

are most familiar with your facility’s building equipment and maintenance practices.  

01 [Yes] Intro9 

02 [No] 

Intro8 97 [Don’t know] 

98 [Refused] 
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Intro8. Is there someone else there who might be better to speak with? 

01 [Yes] 

Instructions 2: RECORD NAME, CONTACT 

ALTERNATE MAINTENANCE OFFICER AND 

GO TO Intro7 

02 [No] TERMINATE – REFUSED 

97 [Don’t know] Instructions 2: call back later 

98 [Refused] TERMINATE – REFUSED  

Intro9 How long have you been working at this facility? 

01 [Record Answer_______] 

F1 97 [Don’t know] 

98 [Refused] 

 Instructions 1: Thank the contact for their time and end the call. You will need to open up this survey link again 

when calling back, it should open on this text box. Press the next arrow to proceed to F1 

Instructions 2: Person on the phone indicated they weren't the best person to speak to. Call back new contact and 

use back arrows to go back to Intro 7 

 

Survey 

F1. Hello this is <NAME OF RECRUITER> calling on behalf of MASSsave, [PA], and the Massachusetts gas energy 

efficiency program administrators. The reason for my call is that we are conducting a study to gain a better 

understanding of steam traps and more specifically, the testing and repair practices of facilities in Massachusetts. 

The data collected from this research will be used to design future steam trap energy efficiency programs. All of 

your responses will remain completely confidential. 

Your facility has been randomly selected as part of the study as our records indicate you have a steam heating 

system based on past MASSsave participation data. Could you please confirm if your facility still has a steam 

system including steam traps? 

01 [Yes] F2 

02 [No] Close1 

97 [Don’t know] Termination 2 

98 [Refused] Close1 
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Termination 2: Your contact said they didn't know about the steam trap project in the last question, please use the 

back arrows to go back to the Introduction 

F2. Could you estimate how many hours per year the steam system is energized? 

01 RECORD NUMBER __________ 

If <8760, F2a 

Otherwise F3a 
97 [Don’t know] 

98 [Refused] 

F2a. What % (if any) is the steam system shut down in the summer? 

01 RECORD NUMBER __________ 

F2b 97 [Don’t know] 

98 [Refused] 

F2b. When in the Spring is the steam system shut down? 

01 RECORD NUMBER __________ 

F2c 97 [Don’t know] 

98 [Refused] 

F2c. When in the Fall is the steam system re-energized? 

01 RECORD NUMBER __________ 

F3 97 [Don’t know] 

98 [Refused] 

F3. Could you please tell me the principal activity of your organization at this location? [READ IF NECESSARY. IF 

RESPONDENT SAYS MULTIPLE, ASK THEM WHICH ONE BEST DESCRIBES THE MAIN ACTIVITY AT THE 

LOCATION.] 

01 Food Sales/Grocery Store 

0 

02 Hospital or Healthcare 

03 Industrial 

04 Hotel/Lodging 

05 Office 

06 Public Assembly 
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07 Restaurant 

10 Retail/Wholesale/Service 

11 School (including college and university campuses) 

12 Warehouse 

77 Other, Specify _______ 

97 [Don’t know] 

98 [Refused] 

Test and Repair Survey 

Approximately how many steam traps do you have at your facility? [READ IF NECESSARY] 

01 1-60 traps 

0 

02 61-140 traps 

03 141-210 traps 

04 211-280 traps 

05 281-500 traps 

06 501-1,000 traps 

07 1,001+ traps 

08 Exact number: 

97 [Don’t know] 

98 [Refused] 

Could you estimate the pressure(s) that your steam system operates at each of your different lines? [Read choices 

if necessary] 

01 RECORD ANSWER __________ 

0 

02 Below 30 psig 

03 30-150 psig 

04 150+ psig 

97 [Don’t know] 
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98 [Refused] 

How is steam used in your facility? Indicate all that apply in the following list: 

01 Space heating 

0 

02 Domestic hot water 

03 
Process (i.e. process heating, laundry, sterilization, manufacturing, and 

other similar loads) 

04 Other, Specify _______ 

97 [Don’t know] 

98 [Refused] 

1) Steam Trap Testing Frequency – Current Practice 

Next we have a few questions concerning how often your steam traps are currently tested for failure at this facility. By 

testing, we refer to a scheduled and systematic survey and testing of traps for failure using specialized equipment by a 

trained technician. Any one scheduled test event may only inspect a portion of traps at this facility. This is not intended to 

include a quick check of a couple of suspicious traps. A test event results in a failed trap report which identifies traps in need 

of repair followed by additional services to implement the repairs.  

Which of the following choices best describes the current steam trap testing practices at this location? This should 

consider both testing done through the program and any additional tests you may do independently. 

01 Regular testing cycle where each steam trap gets tested at a regular interval 

0 

02 Occasional testing of each trap, but not at a regular interval 

03 Test each trap only if needed or if there is a problem 

04 Never test 

97 [Don’t know] 

98 [Refused] 

Our records indicate that since 2015, this facility had [NUMBER_OF INSPECTIONS] testing events sponsored by the 

MassSave program. These testing events occurred in [DATES of SERVICE] between 2015 and 2020. Does this seem 

correct? 

01 Yes, enter confirmed number here: [enter] 

0 02 The above number is not correct 

97 [Don’t know] 
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98 [Refused] 

Was there any additional testing that may have occurred using either a third-party provider, trained in-house staff, 

or by MassSave, but not included in the service dates noted?  

01 Yes  T1.a 

02 No If 0=1, 0 

If 0=2, 0 

If 0=3 or 4, 0 

97 [Don’t know] 

98 [Refused] 

T1.a. How many additional testing events occurred since 2015 by each provider? 

01 Third party provider. RECORD ANSWER __________ 

T1.b 

02 Trained in-house staff RECORD ANSWER __________ 

03 MASSsave RECORD ANSWER __________ 

97 [Don’t know] 

98 [Refused] 

T1.b. To confirm, in this period, this facility had a total of [NUMBER of INSPECTIONS + T1.a01 + T6.a02 + T6a.03] 

testing events?  

01 Yes; enter confirmed number here [enter]  

If 0=1, 0 

If 0=2, 0 

If 0=3 or 4, 0 

02 No, the revised number is [enter] 

97 [Don’t know] 

98 [Refused] 

Another way to state this is that testing occurs about every [six year/[Total from 0 or T1.b] year(s). Is this correct or 

is there a different number you think is more appropriate? 

01 Yes that is correct; enter confirmed number here [enter]  

If 0=1, 0 

If 0=2 or 3 or 4, 0 

 

02 No, the revised number is [enter] 

97 [Don’t know] 

98 [Refused] 

With the information provided of conducting [T5 or T6.b] testing events over the past 6 year period, that would 

equate to a rough average of a test event every [six years/[Total from T5 or T6.b ] year(s). Does this seem correct or 

is there a different number you think is more appropriate? 
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01 Yes; confirm number here: [enter] 

If 0=1, 0 

If 0=2 or 3 or 4, 0 

02 No, the revised number is [enter] 

97 [Don’t know] 

98 [Refused] 

Why didn’t you receive or apply for incentives for those additional testing events? 

01 RECORD ANSWER __________ 

0 97 [Don’t know] 

98 [Refused] 

Sometimes, only a portion of the traps are tested at one time. On average, what percentage of the traps at your 

facility were tested during one of these test events? To clarify we are asking about all test events including those 

with MASSave or with independent providers. 

01 RECORD ANSWER __________ 

0 97 [Don’t know] – Prompt for a range i.e. Almost all, about half??? 

98 [Refused] 

On average, what percentage of the tested inventory that failed was repaired or replaced? 

01 RECORD ANSWER __________ If 0=1, 0 

If 0=2 or 3 or 4, 0 

 

97 [Don’t know] – Prompt for a range i.e. Almost all, about half??? 

98 [Refused] 

 [KEY OUTPUT: CURRENT FREQUENCY] * Percent of failed traps repaired. 

2) Program Influence on Recent Practice 

Your facility has participated in MassSave’s steam trap program as noted earlier. The program offsets the cost of steam trap 

testing and also provides incentives for repairing any failed traps found. The next questions concern whether and to what 

extent the program may have influenced the frequency of testing events and the portion of the facility inspected. These 

questions aim to understand what would have been done if the MassSave program had not been offered. 

Summarizing your previous responses, over the past 6 years there have been [0 or T1.b] testing events during which [0] 

percent of the traps are tested.  

If you didn’t have assistance from the MassSave program over the past 6 years between 2015 and 2020, would you 

have still tested every [0] years? 

01 Yes; confirm number here: [ enter] 0 
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02 No T1.c 

97 [Don’t know] 0 

98 [Refused] 0 

T1.c. About how often would you have conducted steam trap testing events if the program was not available?  

01 RECORD ANSWER __________ 

0 97 [Don’t know] – Prompt for a range  

98 [Refused] 

If you didn’t have assistance from the MassSave program over the past 6 years between 2015 and 2020, would you 

still have conducted [0 or T1.b] testing events?  

01 Yes  0 

02 No, the revised number is [enter] T1.d 

97 [Don’t know] 0 

98 [Refused] 0 

T1.d. How many testing events would have been conducted over the past 6 years if the program were no longer 

available? 

01 RECORD ANSWER __________ 

0 97 [Don’t know] – Prompt for a range  

98 [Refused] 

If you didn’t have assistance from the MassSave program, would you have tested [0] percent of the steam trap 

inventory at a time that you mentioned previously? 

01 Yes  

0 
02 No, the revised number is [enter] 

97 [Don’t know] Prompt for a range i.e. Almost all, about half??? 

98 [Refused] 

What percentage of the tested inventory that failed would you have repaired or replaced without the MassSave 

program? 

01 RECORD ANSWER __________ If 0=1, 0 
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97 [Don’t know] – Prompt for a range i.e. Almost all, about half??? If 0=2 or 3 or 4, 0 

 98 [Refused] 

I’d like to summarize your changes in steam trap testing practices if MassSave’s program was not available. Over 

the past 6 years between 2015 and 2020, traps at this facility were tested about every [0] years. Without the 

program, the traps would have been tested about every [0 or T1.c] years over the same period. Does this seem 

correct or is there a different number you think is more appropriate?  

01 Yes, this is correct  

0 
02 No, the revised number is [enter] 

97 [Don’t know] 

98 [Refused] 

I’d like to summarize your changes in steam trap testing practices if MassSave’s program was not available. Over 

the past 6 years between 2015 and 2020, you have conducted [0 or T1.b] testing events at this facility. Without the 

program, the traps would have been tested about [0 or T1.d] times over the same period, which equates to an 

average steam trap event every [six years/[0 or T1.d]] years. Does this seem correct or is there a different number 

you think is more appropriate?  

01 Yes, this is correct  

0 
02 No, the revised number is [enter] 

97 [Don’t know] 

98 [Refused] 

[KEY OUTPUT: Without Program FREQUENCY] * Percent of traps repaired. 

3) Program influence on Future Program 

Now that we understand your facility’s current testing practices and what your facility’s maintenance practices may have 

been had the MassSave steam trap program not been offered, I would now like to understand how the MassSave program 

has influenced facility practice moving forward. I have one question that aims to understand what would happen if the 

MassSave program ended today. To summarize your previous responses: after participating in the MassSave steam trap 

program over the past 6 years, your facility completed [0 or T1.b] testing events since 2015 during which [0] percent of the 

traps are tested. If the program had not been available, you thought [0 or T1.d] testing events would have occurred during 

which [0] percent of the traps would have been tested. 

If the MassSave steam trap program was no longer available starting today, Could you please describe what your 

steam trap testing practices would be moving forward? 

01 Record answer_______ 
0 

97 [Don’t know] 
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98 [Refused] 

4)  

5) Further Discussion on Changes in Practice 

Thank you for your responses, it is helpful for us to understand your facility’s testing practices and how the MassSave 

program has helped shape it since participation. If you don’t mind, I have just a few more general questions in response to 

some of your previous answers. 

Which of the following best describes the effect the MassSave steam trap program has had on your testing 

practices: 

01 No effect 

0 

02 Increased our testing and repair frequency 

97 Decreased our testing and repair frequency 

97 [Don’t know] 

98 [Refused] 

What part of the MassSave steam trap program do you find most impactful? [check all that apply] [Read choices if 

necessary] 

01 RECORD ANSWER __________ 

0 

02 Incentive offsetting testing 

03 Incentive offsetting trap repairs 

04 Convenience of contractor services 

05 Energy savings 

05 To learn the benefits of these energy efficiency projects 

Which of the following do you think would be most beneficial in effecting an improved steam trap testing frequency 

at your facility? 

01 

A tool or fact sheet to help determine the optimal test frequency based on 

site specific parameters (such as pressure, operating hours, quantity of 

traps, etc) 

0 
02 More training from vendors on what an optimal test frequency may be 

03 
More training from MassSave staff on what an optimal test frequency may 

be 
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04 Additional support from MassSave 

Why did you participate in the MassSave sponsored steam trap program? Please rank in order of 1-5.  

01 
We worked with <PA> on other efficiency projects and discovered there are 

incentives for steam trap testing and repair as well 

0 

02 [program contractor] informed and encouraged us to participate 

03 <PA> informed and encouraged us to participate 

04 Program incentives helped fund the project 

05 We would have tested/repaired anyway but applied for incentives 

06 Other, Specify _____ 

What in your opinion are the top barriers preventing more regular steam trap testing protocols? Please rank in 

order of 1-5. 

01 Cost 

0 

02 Lack of utility sponsored incentives 

03 Lack of staffing 

04 Pandemic related impacts to operation or staffing 

05 Concern with other aspects of the facility/production 

06 Lack of availability of vendors 

07 Barriers to meeting regular testing objectives [probe – what are they?] 

08 Not understanding the proper testing frequency for my site. 

09 Other, specify: _____ 

Currently the program allows for one testing per year, would you test more frequently than you do if the program 

assisted testing more than once a year? 

01 Yes 

0 
02 No 

97 [Don’t know] 

98 [Refused] 
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Are you familiar with self-monitoring steam traps that send an alert if they have failed?  

01 Yes T1.e 

02 No 

0 97 [Don’t know] 

98 [Refused] 

T1.e. What is your experience with self-monitoring steam traps? Please comment on your satisfaction or 

dissatisfaction with them.  

01 RECORD ANSWER __________ 

0 97 [Don’t know] 

98 [Refused] 

Can you please describe if there have been any changes in steam system operation that may have been due to 

pandemic impacts? 

01 RECORD ANSWER __________ 

0 97 [Don’t know] 

98 [Refused] 

Can you please describe if there have been overall impacts on facility gas consumption that may be associated 

with the pandemic? 

01 RECORD ANSWER __________ 

Close1 97 [Don’t know] 

98 [Refused] 

Close1. Those are all the questions I have for you today. Thank you for your time and assistance with our program 

research. Have a good day. 

 

Calibration Screening Survey 

Only administer this portion of the survey if the customer has been identified as a calibration pool candidate. 

We would like to collect some additional information about your facility’s steam system and associated energy usage. This 

battery of questions is specifically related to the project that was completed in <YEAR OF COMPLETION> 

C1. Have you implemented any energy efficiency measures in the year prior to the steam trap test and repair project 

services in [DATE] or the year after? 
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01 Yes C1.a 

02 No 

C2 97 [Don’t know] 

98 [Refused] 

C1.a. Please describe the work that was done and the approximate timeline of implementation from start to 

completion. 

01 RECORD ANSWER 

C2 97 [Don’t know] 

98 [Refused] 

C2. Have there been any other facility, equipment or scheduling changes in the years prior to or following the 

referenced steam trap test and repair project? [Prompt if needed: For example, different operating hours, change in 

seasonality, a new piece of energy consuming equipment or an expansion to the facility]. 

01 Yes C2.a 

02 No 

C3 97 [Don’t know] 

98 [Refused] 

C2.a. Please describe the work that was done and the approximate timeline of implementation from start to 

completion. 

01 RECORD ANSWER 

C3 97 [Don’t know] 

98 [Refused] 

C3. Is the steam system that work was done on supplied with gas from a single gas meter or are there multiple 

meters feeding the boiler plant(s) that generate(s) steam?  

01 Single meter C4 

02 Multiple meters C3.a 

97 [Don’t know] 
C4 

98 [Refused] 
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C3.a. Please indicate the quantity of meters and if possible, share the meter numbers. 

01 RECORD ANSWER 

C4 97 [Don’t know] 

98 [Refused] 

C4. Does your facility use any fuels other than natural gas for its steam system? 

01 No C5 

02 Oil 
C4.a 

03 Other [RECORD ANSWER] 

97 [Don’t know] 
C5 

98 [Refused] 

C4.a. Can you please elaborate on how other fuels are used? 

01 Emergency backup and testing only 

C5 
02 Other [RECORD ANSWER] 

97 [Don’t know] 

98 [Refused] 

C5. Does your facility use natural gas for anything other than powering it’s steam system? 

01 No Close2 

02 Other [RECORD ANSWER] C5.a 

97 [Don’t know] 
Close2 

98 [Refused] 

C5.a. Can you please list the other equipment using gas? 

01 RECORD ANSWER 

Close2 97 [Don’t know] 

98 [Refused] 

Close2. Those are all the questions I have for you today. Thank you for your time and assistance with our program 

research. Have a good day. 
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 MA21C02-G-ST WORKING GROUP SESSION #3 TAKEAWAY 2 
OF 2 STEAM TRAP CALIBRATION 

 

Introduction 
During the third Working Group session on 8/29/2021, the following topics were discussed: 

1. Steam trap test and repair frequency survey results 

2. Steam trap tool calibration 

This document addresses the second topic and summarizes the research to date, with input from the Working Group #3 

session presented as a draft of the final Working Group recommendations. 

Task objective 
To update the calibration of the steam trap tool using analysis of whole-facility monthly usage data from before and after the 

steam trap repair. 

Background 

Current tool calibration 

The current steam trap tool was calibrated in 2017 using projects from program years 2013 and 2014.5 The purpose of the 

calibration was to true up the engineering calculation based on observed change in consumption due to the trap repairs. The 

team used the newly revised savings equation and trap level parameters from eligible projects to calculate savings which 

were then ‘calibrated’ by iteratively adjusting the most uncertain parameters so the aggregate savings from each site closely 

resembled the results of a site-level billing analysis. A more in-depth explanation of this process can be found in the 2017 

report footnoted below. This earlier calibration is referred to in this report as the 2017 calibration. 

The 2017 calibration screened prior participants to include only projects that passed the following screens 

 Tracked savings fraction greater than 5% 

 No other major projects in tracking data (other projects account for less than 10% of total savings) 

 Survey response indicating no other major change that impacted natural gas consumption 

 No billing data anomalies, no indeterminate billing analysis results, and no predominantly production-based use 

(effectively excluding manufacturing sites). 

Issues identified with the previous (2017) calibration 

One reason to update the calibration is simply the elapsed time since the 2017 calibration. To the extent steam trap service 

contractcontractor behavior has changed, the old calibration could be out of date. In addition, the WG discussions identified 

the following potential issues with the previous (2017) calibration: 

1. A calibration accounts both for any errors in parameter measurements and for unobservable conditions. Therefore, 

using the calibrated tool and also developing a gross realization rate based on on-site observations of actual 

parameters adjusts twice for parameter inaccuracies. This difference was addressed by changing the evaluation 

 
 
5 DNV GL 2017. Steam Trap Evaluation Phase 2. Prepared for the Massachusetts Program Administrators and Energy Efficiency Advisory Council.  
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practice such that verified savings uses the calibrated savings without correcting observable input factors, adjusting 

only for factors that would not be accounted for in the calibration.  

2. The 2017 calibration only included projects with savings > 5%. This restriction excluded the majority of projects. 

Calibration for the projects with high proportional savings may not be representative of projects with smaller saving 

fractions. To address this concern, the team proposed to conduct the new calibration allowing projects with smaller 

savings into the calibration process. 

3. Traps fail continuously over the year. The effect of this is that a basic difference in normalized annual consumption 

for a year before vs a year after a participation event is expected to understate the annual savings per avoided trap 

in failure. For a site with R traps repaired, these traps failed at various times during the pre-retrofit year(s) so that 

the number in a failed state on average over the pre-retrofit year was less than R. Likewise, the traps fail over the 

course of the post-retrofit year(s), so that the post-retrofit year(s) on average include some failures of the R 

repaired traps. Thus, the difference in the number of traps in failure for the pre vs post year(s) is less than R on 

average. Dividing the pre-post change in normalized consumption by the number of repaired traps therefore 

understates annual savings per avoided trap in failure. In the extreme, if a facility tests and repairs the same 

number of traps annually, the pre-post difference would be 0 (zero), while savings per repaired trap is not zero. To 

address this concern, the Team proposed to fit a model across the pre and post periods jointly and include a term 

to account for the increased failures over time.  

Re-calibration methods 
This section presents the methods DNV used to re-calibrate the steam trap tool. 

Billing analysis 
DNV used a billing analysis to re-calibrate the steam trap tool. 

Projects included in the analysis 

The first step in the recalibration process was to conduct billing analysis for projects completed the past six years, e.g. 

program years 2015-2020. Initially there was no overlap between these projects and those included in the study completed 

in 2017. Initial screening criteria for sites to include in this analysis were: 

 Tracked savings fraction greater than 1% 

 No other major projects in tracking data 

 At least 9 months of consumption data pre- and post-retrofit. 

Initially another difference from the 2017 calibration work was that there was no screening for survey responses indicating 

no other major changes. This requirement was initially dropped due to the challenges of collecting survey data this round. 

However, as discussed further below, this screen was re-adopted for the new projects after review of the initial results. 

This initial set of screens produced a set of 94 projects for which billing analysis was conducted to estimate savings. 

However, this large set of projects produced highly variable results. For the final analysis, the usable projects were therefore 

restricted to those for which completed surveys from the test and repair frequency task were available to confirm no 

additional major changes occurred during the pre and post analysis periods. (See Section C of the survey in Appendix E for 

details on the screening questions.)  Out of the 20 surveys completed, only 5 sites passed screening and were used to 

supplement the cases included in the 2017 calibration. Coincidentally, all of these new projects were installed in program 

years 2018 and 2019. 
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Savings estimation model 

Initial model 

To account for increasing trap failures over time, the following model was initially fit for each project from the 2017-2020 

program period: 

Gm = + 0POSTm + 0Dm + Hm() + H(Hm() POSTm + H(DmHm()) + m 

Where, 
Gm  = gas usage per day for billing period m 
Hm(  = heating degree days per day for period m, base  
POSTm  = 0/1 dummy for billing period m being post the repair event 
Dm  = days since the start of the pre or post time frame as of billing period m (resets to 0 at the time of the 

repair) 

   parameters determined by regression 
   are additional coefficients estimated by the regression. Specifically: 

 base change in daily use due to repairing traps 
 base increase in usage per day per elapsed day due to increasing trap fails  
 change in daily use per heating degree-day due to repairing traps 
 increase in usage per heating degree-day, per elapsed day due to increasing trap fails  

 
m  = residual for period m 

After review of initial results and further discussion, it was determined that the term H(DmHm()) should be dropped, as the 

engineers advised that trap failures were not expected to affect usage per degree-day. After this term was dropped, the t-

statistics for the parameter , intended to account for increasing trap failure over time, had a distribution roughly normal and 

centered around 0. This finding suggested that the term was capturing trends for some sites, but did not appear to be 

meaningfully identifying effects of increased trap failures. This finding was disappointing but not entirely surprising, since the 

effect of the full set of repairs is not always detectable, so that the effect of gradual drift away from full repairs, or to 

increasing failures, cannot easily be isolated. This limitation is exacerbated by including sites with smaller savings 

fractions—while excluding such sites led to bias concerns.  

Based on these results, a simpler model was fit. 

Final model 

The final model fit for each site was 

 
Gm = + 0POSTm + Hm()+ m 

Where, 
Gm  = gas usage per day for billing period m 
Hm(  = heating degree days per day for period m, base  
POSTm  = 0/1 dummy for billing period m being post the repair event 

   parameters determined by regression 
  = coefficient estimated by the regression (base change in daily use due to repairing traps) 
m  = residual for period m 

 

With this model the coefficient  provides the estimated savings per day. This model is almost the same as the pre-post 

analysis used for the 2017 calibration, except that fitting the model across pre and post jointly means that a single reference 
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temperature  is estimated across both years, rather than selecting the reference temperature best for each year. The 

reference temperature is the temperature at which heating is first required, for a system that is used substantially for space 

heating. Compared to the initial equation, the simplified final model estimates savings in terms of a single parameter 0 

savings per day, while the initial equation attempted to identify separate effects of steam trap repair on usage per heating 

degree-day (H), as well as effects of increasing failure over time on both heating and non-heating use (, , respectively). 

As noted, the terms for effect of the repair on usage per degree-day were removed after consultation with DNV engineers, 

while the term for increasing failure terms was removed because they did not appear to be capturing the targeted effect. 

Pooled calibration analysis 

Since there were a limited number of new projects available for calibration, the 5 new projects that passed the inclusion 

screens were pooled with the projects used for the 2017 calibration, and the same calibration engine was run with the 

combination of old and new projects. The new analysis also reviewed the criteria for excluding results from the 2017 

calibration and identified two additional projects that could be included (as described below), as well as identifying potential 

considerations for which of the 5 new sites (from later years) should be retained. Thus, part of the new calibration analysis 

was an exploration of the sensitivity of the calibration to the included projects. 

For the 2017 calibration, several projects that passed the other screens were excluded from the calibration based on having 

predominantly manufacturing process uses, with limited weather dependence. For the current analysis, these sites were 

reviewed and were retained if they had predictable, stable usage despite limited or no weather dependence. This review 

resulted in 2 manufacturing sites from 2017 being added to the calibration pool. While degree-day terms were retained for 

these cases, these terms were small and had little effect on the estimated savings determined for the sites.  

From the 2022 surveys, there were 5 projects that had no other major projects in tracking data, and surveys reporting no 

other major changes during the analysis periods. All these sites had good (> 5.0) t-statistics for the degree-day variable, and 

visual review indicated no anomalies (no extreme residuals relative to the usage level, observations falling around a line). 

Most of these sites had more than one year of pre and post data. Somewhat better R2 results were found in all cases using 

only one year each. Longer periods of time provide additional data points, but also more variability. The one-year pre- and 

post- was chosen as more likely to reflect the effects of the trap repairs. The results provided are for these runs. 

Characteristics of the projects are summarized in Table F-1. The balance point for each site indicated in Table F-1 is 

estimated by the regression as the degree-day base that provides the best R2 value; this is the maximum likelihood 

estimator. 

Table F-1. 2022 calibration pool new candidates from program years after the 2017 calibration 

ID# 
# Obs 
Pre 

# Obs 
Post 

Pre 
Usage 

Savings 
Fraction 

Balance 
point oF 

Adjusted 
R2 

HDD t-
value 

Savings t-
value 

32 10 12 195860 0.04% 64 0.60 5.7 1.1 

48 11 11 82951 3.51% 64 0.88 12.3 1.4 

76 6 6 9580 30.89% 85 0.83 7.2 0.7 

96 9 8 41434 14.57% 70 0.97 20.7 -2.4 

127 11 11 53019 3.84% 61 0.99 44.5 -0.7 

The new calibration analysis explored different criteria for which of these projects should be added to the calibration pool. 

The new calibration runs were the following: 

A. Add the 2 manufacturing sites from the 2017 calibration with stable patterns 
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B. Add the 2 manufacturing sites from the 2017 calibration with stable patterns, and 3 sites from Table F-1 that had 10 

or more observations each in the pre and post periods. (Cases 32, 38, and 127). (An observation is a billing period 

value of usage per day, plotted against degree-days per day or average temperature for the period) 

C. Add the 2 manufacturing sites from the 2017 calibration with stable patterns, and all 5 sites from Table F-1.  

Additional sites from 2017 could not be included based on loosening the threshold for the percent savings, because billing 

analysis results were not available for these from the 2017 work. 

Results 

Table F-2 shows the results of the different re-calibration runs. The calibration process is an iterative non-linear regression 

process that determines three parameter values to provide the best overall fit to the savings determined from the billing 

analysis for the included projects. That is, we start with the model that is used in the calibration tool, which is a function of 

known factors from each project, along with 3 unknown parameters. The unknown parameters are the low and high leak 

factors (of which only one value can be applied to a repaired trap based on its operational status at the time of a field 

survey) as well as a condensate return factor (which is based on whether a steam system returns condensate to the boiler in 

some way or exhausts the condensate directly to atmosphere). The calibration process then uses an iterative fitting 

procedure to find the values of these three parameters that result in the best least-squares fit between the modeled savings 

for each project and the corresponding savings from the billing analysis. The overall GRR resulting from these adjustments 

depends on the mix of partial and full leaks that the results are applied to. Table F-2 provides a summary of the different 

parameter values derived from the calibration exercise including the initial pre-calibration values (when PAs were using 

different values for similar trap statuses) along with the originally calibrated values from 2017. 

Table F-2. Re-calibration results for different combinations of additional projects included 

Calibration 
Included 

Cases 
Site 

Count 
Trap 

Count GRR 

Gross 
Relative 

Precision 
at 90% 

Leak 
Factor 
(Low) 

Leak 
Factor 
(High) 

Condensate 
Return 
Factor 

Pre-calibration - - - 86.2% 73.1% 11-26% 34-100% 30% 
2017 Original 24 1,334 98.5% 68.4% 26.4% 54.9% 36.3% 
2017 original + 2017 
“stable” mfg  

A 26 1,353 99.1% 77.1% 39.9% 67.1% 19.4% 

2017 original + 2017 
“stable” mfg + 2022 > 10 
obs 

B 29 1,421 99.4% 69.0% 27.7% 72.4% 25.0% 

2017 original + 2017 
“stable” mfg + 2022 all 

C 31 1,502 100.7% 67.2% 21.1% 69.8% 30.9% 

The GRR for the 2017 calibration is relative to the old, pre-calibrated tools, which were different tools across the PAs. The 

GRR for re-calibration scenarios A, B, and C is relative to the 2017 calibrated tool, weighted by the mix of projects in the 

calibration. The Gross RP is the relative precision at 90% confidence for the calibration fit. 

The results show some variability in the calibrated factors across the different scenarios, with minor overall changes from the 

2017 calibration, based on the overall GRR relative to that calibrated tool. In part, this slight difference is because the added 

sites are small in total savings compared to the sites included in the 2017 calibration. 

The addition of the two manufacturing sites from 2017 results in worse relative precision than from the original. When all 5 

new sites from 2022 are also included, the gross RP is slightly better than the original. Given that this last result (row C0C) 

includes the broadest set of data and has the best relative precision, this is the recommended set of values to use. 
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Working Group straw recommendations 
This section describes the recommendations developed in updating the calibration. The Working Group proposes the 

following recommendations for approval by stakeholders: 

1. Continue to explore tool calibration for validating steam trap savings. 

2. Use the combined results of the 2017 study with the added manufacturing sites (in 2017) and the five sites (in 

2022) to calibrate the steam trap tool.  

3. Calculate the steam trap realization rate in the current Custom Gas (PY2020) cycle using the 2017 calibrated 

steam trap tool. 

4. Update the 2017 steam trap tool with the recommended results above and implement the newly calibrated tool in 

PY2023 Custom Gas program. 

5. Because steam traps are a component of overall Custom, it’s not necessary for steam traps alone to meet 90/10 

relative precision. However, it’s important to recognize the uncertainty of the results, reflected both in the relative 

precision in the range of 90/66 to 90/80, and in the variation in calibration factors as different sites are included. 

6. Recommendations for future calibration efforts include the following 

a. Include only projects for which surveys are available confirming no major changes, as well as having no 

other major projects in tracking. 

b. Visually screen all candidate calibration projects to identify potential anomalies that result in savings 

estimates that are not meaningful. 

c. Do not exclude sites based solely on low savings fractions, or low savings t-statistics. 

d. Consider fitting a calibration model across projects and months in a single step, rather than first trying to 

determine annual project-level savings and then calibrating to the annual savings across projects.   

7. Recalibration should be considered when there are enough projects in the population to expect 25 or more to be 

included after surveys and other screening. 

8. For this re-calibration round, the results in Table F-2 with included cases C are recommended. 
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