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1.

Executive Summary

This document summarizes the work performed by the DNV KEMA team, led by ERS, to quantify the
actual energy savings due to the installation of Custom Gas measures installed through the Massachusetts
Energy Efficiency Program Administrator’s (PAs) Commercial and Industrial (C&I) Lost Opportunity
and Large Retrofit programs in 2011.
This work occurred in two steps. In the first step, the 2011 project file savings estimating were
systematically examined to determine whether estimation processes had improved over the previous two
years. It was determined that the NSTAR savings methods had improved sufficiently to warrant another
round of impact evaluation; no other PA showed significant improvement or degradation. As a result, the
team proceeded to a second step to conduct on-site M&V of a statistically selected sample of NSTAR
sites for recalculation of the NSTAR and statewide realization rates.
The realization rates will be used for planning and program reporting, including program year 2012
annual reporting and any 2013-2015 program planning and subsequent year reporting, unless replaced by
results from a subsequent study. The gas program PAs include: Columbia Gas, National Grid Gas,
NSTAR Gas, Berkshire Gas, New England Gas and Unitil. This evaluation effort received oversight by
the Energy Efficiency Advisory Council (EEAC) consultant representative.
The scope of work for this impact evaluation included all the 2011 Custom Gas measures including high
efficiency heating equipment, heating systems, heating controls (e.g., energy management systems
[EMS]), boiler combustion controls, building shell measures, high efficiency gas industrial process
equipment, and other measures.

1.1

Methods

The work consisted of two distinct components with distinct methods.
Desk-review Task: A desk-review of ninety (90) PY2011 projects assessed whether recommended process
improvements had taken sufficient root to warrant a third consecutive impact evaluation. While program
administrators (PAs) have initiated a number of process improvements, it was not clear to what extent the
PY11 projects reflect them since the first impact evaluation results were only released a year prior. In this task,
a statistically representative sample of projects was selected for an engineering desk review. The project files
and billing data were analyzed to assess whether the process improvements are apparent and whether it is
likely a new study will yield different realization rates. A rubric was used to systematically and consistently
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capture characteristics from each reviewed sites. The PY2011 were compared to benchmarks established by
examining PY2009 and PY2010 site M&V impact evaluation sites using the same rubric. Appendix A
contains copies of memos describing the methods and results of the desk reviews.
M&V Task: Through the first task, NSTAR exhibited evidence of improved savings estimation methods,
therefore M&V commenced for a sample size of 16 sites with an expectation of providing approximately
±20% precision at the 80% confidence interval for NSTAR.

1.2

Sampling Strategy

The goal of this sample design is to support both the file reviews and the possible subsequent on-site
M&V. The on-site M&V sample needs to include enough sites to produce aggregated realization rates by
PA with reasonable precision, given a project budget that would support about 50 monitored sites. A
sample of 50 sites was designed to be efficient for the on-site M&V work, should it proceed. The size of
each stratum in that sample was doubled (where possible) to produce a larger sample of 90 sites for the
file review. By imbedding the on-site M&V sample within the file review sample, the cost and time
required to move forward with the on-site work, should the PAs have proceeded with that step.
The final design, which included 50 sites, the evaluation team expected to achieve ±10% precision
statewide, as well as about ±20% relative precision for Columbia Gas, National Grid and NSTAR. Table
1 shows the distribution and estimated precision of sample sites in this design.
Table 1: Estimated Precision for Recommended Sample Design
Program
Administrator
Berkshire Gas
Columbia Gas
New England Gas
National Grid
NSTAR
UNITIL
Total

Projects

Total
Therms
Saved

Error
Ratio

Confidence
Level

Planned
Sample
Size

Anticipated
Relative
Precision

5
88
2
197
72
5
369

92,126
1,413,872
95,831
4,270,492
1,981,509
61,963
7,915,793

0.6
0.6
0.6
0.6
0.6
0.6
0.6

80%
80%
80%
80%
80%
80%
80%

2
13
2
18
13
2
50

±25.92%
±17.29%
±0.00%
±16.32%
±18.48%
±51.34%
±10.43%

This sample design excluded 89 sites with site savings of less than a thousand therms. These sites
accounted for less than 1% of the total tracking savings
In the Desk Review Task, NSTAR PY2011 project files demonstrated significant improvements to the
savings estimates compared to the benchmark set by previous years’ savings estimates. Based on this
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finding, NSTAR was the only PA demonstrating a significant improvement and therefore the only PA to
proceed to the on-site M&V step. Sixteen sites were sampled to ensure that the final NSTAR precision
was 20% or better.

1.3

Findings and Results

The program administrators are to be commended for once again significantly increasing program
participation and in savings when comparing to the 2010 program year. Tracking savings increased from
4.4 to 8.0 million therms, while the number of unique accounts increased from 330 to 458 from 2010 to
2011, respectively. The results of the savings estimation benchmarking indicated that only NSTAR
project files showed evidence of a sufficient improvement (or degradation) in savings estimates to warrant
proceeding to an on-site impact evaluation. The desk review task is described in detail in Section 3 of this
report. NSTAR’s realization rate did indeed improve from 47% to 84%, and this difference is statistically
significant.
In conducting the site M&V impact evaluation, the sampling goals were met for NSTAR and by strata. In
preparation for analyzing the evaluation results collected for the Custom Gas sample points, the original
2011 population stratum boundaries were used to calculate case weights for each sample observation. The
site-level evaluation results were aggregated at the NSTAR level, and also statewide using the PY2010
results for the other five PAs. The statewide results are summarized in Table 2. These results include the
new PY2011 results for NSTAR and the PY2010 results for all other PAs, which is why the total tracking
savings does not equal the 2011 population total.
Table 2: Summary of Custom Gas Results
Realization Rate Results
All PAs
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Error Ratio
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Annual Therms
5,491,076
4,507,074
82.1%
±9.4%
423,802.97
0.45
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The results by PA are presented in Table 3. Note that the only new impact values are NSTAR’s; the
remaining results are PY2010 impact evaluation results.
Table 3: Summary of Results by PA
Program Administrator

Annual
Therms

Berkshire Gas
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio
Columbia Gas
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio
New England Gas
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio

1.4

Program Administrator
89,684
34,660
38.6%
±0.8%
276
2
0.02

1,553,740
1,293,037
83.2%
±12.9%
167,329
13
0.42
23,400
12,902
55.1%
±0.0%
1
0.00

National Grid
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio
NSTAR
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio
Unitil
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio

Annual
Therms
1,710,500
1,172,176
68.5%
±17.4%
203,593
17
0.62
1,981,509
1,672,824
84.4%
±6.9%
115,662
16
0.31
111,412
34,801
31.2%
±48.3%
16,807
2
0.86

Recommendations

Overall, the Custom Gas program is successfully providing energy savings in the State of Massachusetts.
A summary of the recommendations follows.

1.4.1

Realization Rates

The study produced statewide results that are reliable (±9.4%) at 80% confidence. In addition, the
precision levels for NSTAR (±6.9%) is sufficient to warrant application of the NSTAR realization results
to the 2012 results according to the protocol established in the November 2010 Protocol memo, which
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stated that individual realization rates may be applied for those PAs with more than ten sites and a final
precision better than ±20.0%.

1.4.2

Program Implementation Improvements

The evaluation team reviewed project files, conducted detailed analysis of the information provided in the
files, and quantified discrepancies analysis to make the recommendations of this section. The
recommendations are in summary:
•

Project documentation should include savings estimates in the native file form and support the
claimed baseline.

•

Controls measures, particularly EMS based strategies, must be verified for proper operation, set
points, and applicability. Savings estimates for these types of measures should include all necessary
assumptions and operating characteristics well outlined. Post verification metering should be
considered where savings justify the added expense or be included as a requirement of the project.

•

Estimated savings for measures such as combustion controls, which are based on a savings a fixed
percentage of total gas used should include not only the percentage savings, but the baseline and
projected as-built efficiencies and the billed gas usage. The baseline, if currently installed, should be
demonstrated using combustion gas efficiency tests or other measure of the baseline. The resulting
parameters can be easily checked against acceptable ranges to validate the measure.
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Table 4 is a compilation of PY09 and PY10 evaluated savings fractions for various measures with the
equivalent applicant savings fractions included for reference. The evaluated average savings fractions were
calculated using the case weighted actual evaluated savings for a measure divided by the weighted baseline gas
usage. The table also presents the range of values which fall within one standard deviation of the mean
savings fraction as an indicator of the variance in savings fractions that were observed. The table is ordered by
the frequency of the measure. For example, there were 37 observations of evaluated boiler replacements
where this ratio could be calculated.
The evaluators recommend that the implementers consider using the results of this table identified as
“Reference” as sanity checks of individual application savings estimates and as indicator where a deeper
review of an application may be warranted. However, the evaluator recognizes that each project is unique, and
as such these values should only be used as an additional reference point to verify the applicant’s savings
estimates if the circumstances deem it appropriate and not as a substitute for estimates of savings using site
specific values. Those measures flagged as “ Background” are less useful as a cross-check to savings estimates
because of the limited number of observations, the variance of the observations, or the non-specificity of the
category (such as Other Controls).
Table 4: Comparison of Applicant and Evaluator Savings Fractions

Number
of
Measures

Average
Evaluated
Savings
Fraction

Min

Max

Average
Tracking
Savings
Fraction

Boiler/DHW replacement

37

EMS

13

6.9%

0.0%

16.1%

12.3%

Reference

8.1%

0.0%

19.8%

8.7%

Reference

Boiler Burner/Controls

11

2.5%

0.0%

5.0%

5.0%

Reference

Heat recovery
Insulation Roof

9

7.0%

0.0%

19.7%

11.4%

Reference

8

18.5%

1.8%

35.1%

22.6%

Reference

Other Controls

7

14.1%

2.3%

25.9%

19.1%

Background

Ventilation heat recovery

7

4.4%

0.0%

42.6%

4.6%

Background

Windows

6

1.3%

0.0%

6.9%

2.6%

Reference

Insulate Walls/Attic/Ducts

5

10.7%

2.9%

18.4%

10.2%

Reference

Other Process

5

19.4%

0.0%

48.5%

24.5%

Background

Other non-boiler replacement

4

4.6%

0.4%

8.8%

13.2%

Background

Measure

Standard Deviation

Status

Direct fired replacement

3

4.7%

0.0%

10.2%

16.8%

Background

Other hydronic/steam replacement

2

32.1%

16.9%

47.3%

23.0%

Background

Air sealing/doors/docks

1

6.6%

12.7%

Background

STEAM TRAPS

1

6.9%

5.4%

Background
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1.4.3

Evaluation recommendations

The evaluation team recommends considering improvements to the evaluation process as follows:
•

Consider some summer metering for measures which involve summer gas use such as industrial
processes or re-heat operations;

•

Evaluators should make every attempt to collect all the gas billing meter numbers from sites to
ensure proper billing data is issued for multi-meter sites.

This is the third evaluation in three consecutive years. In this cycle, samples of project files from each PA
were systematically reviewed to determine whether savings estimates had improved sufficient to warrant
on-site M&V. The benchmark comparison indicated that NSTAR’s had improved and the subsequent onsite M&V of NSTAR sites proved this assessment was correct with a near doubling of the realization rate
for NSTAR (from 47% to 84%). However, since on-site M&Vs were not conducted for the other PAs, it
is not possible to assess the predictive power of the method completely. It is unknown whether the
realization rates of the other PAs would have remained stable, as predicted by the desk review task.
In considering evaluation activities for the PY2012 program, the Evaluation Group may want to consider
an additional round of on-site M&V impact evaluations for all the PAs except NSTAR. It is reasonable to
conclude that the realization rates may not have stabilized statewide due to the rapid and continued
expansion of the programs and the intent of the PAs to improve savings estimate processes.
However, before proceeding with the on-site M&Vs, the evaluators recommend repeating the desk-review
task to further test the validity of the desk review method for triggering more expensive impact
evaluations. The desk-review task will add about 2% to 10% to the impact evaluation cost, depending on
the number of sites included in the desk review.
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2.

Description of Sampling Strategy

A single sample design was employed to support both the desk review and on-site N&V components of
this project. The sample was designed to support the on-site M&V to achieve 80/10 precision statewide.
For the desk review, the sample size per strata was simply doubled, using the back-up sites. In some
cases, the desk review sample because a census of a stratum due to the limited number of projects in that
stratum.
The population frame for this impact evaluation is the set of custom gas projects rebated in 2011, as
tracking system data provided by the six PAs in Massachusetts. The 89 sites with annual savings less than
1,000 therms were deleted, leaving 369 sites with a total savings of 7,915,793 therms. Table 5 shows the
distribution of all tracking system records, based on annual savings in therms, by PA. The distribution of
the reduced population of Custom Gas sites is presented in Table 3. This is the foundation for the sample
design and subsequent analysis.
Table 5: 2011 Distribution of Reduced Population of Custom Gas Sites
Program
Administrator
Berkshire Gas
Columbia Gas
New England Gas
National Grid
NSTAR
UNITIL
Total

2.1

Projects
5
88
2
197
72
5
369

Total
Therms
92,126
1,413,872
95,831
4,270,492
1,981,509
61,963
7,915,793

Average
Therms
18,425
16,067
47,916
21,678
27,521
12,393

Minimum
1,613
1,071
26,195
1,040
1,157
1,870

Maximum
67,896
250,000
69,636
544,330
196,280
32,377

StdDev
24,861
33,573
21,721
48,031
39,809
10,590

CV
1.35
2.09
0.45
2.22
1.45
0.85

Sample Design

The goal of this sample design is to support both the file reviews and the possible subsequent on-site
M&V. The on-site M&V sample needed to include enough sites to produce aggregated realization rates
by PA with reasonable precision, given a project budget that would support about 50 monitored sites. A
sample of 50 sites was designed to be efficient for the on-site M&V work, should it proceed. The size of
each stratum in that sample was doubled (where possible) to produce a larger sample of 90 sites for the
file review. By imbedding the on-site M&V sample within the file review sample, we can reduce the cost
and time required to move forward with the on-site work, should the PAs proceed with that step. The files
will be available for producing the M&V plans and the basic analysis completed, so that we can proceed
directly to customer recruiting.
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The general sample design strategy developed by KEMA and ERS is to select the target number of sites
by PA, and then evaluate all of the energy efficiency measures encountered at those sites.
A key determinant of sample sizes and anticipated precisions is the amount of variability that is likely to
exist from site to site in the parameter being evaluated, which, in this case, is the realization rate for
therms saved. Since this is the third time that the PAs are evaluating Custom Gas projects, there is some
history for us to use in estimating the expected error ratio. Based on the results of the 2009 Custom Gas
Impact Evaluation, the error ratio was calculated to be 0.68, while the error ration from the 2010 Custom
Gas Impact Evaluation was found to be 0.50. For planning this study, we have elected to use a reasonable
conservative error ratio of 0.6.
In Table 6, anticipated precisions for this design indicate that it offers decent precision for the three large
PAs, between ±16% and ±19%, and a good overall precision of ±10% at 80% confidence.
Table 6: Estimated Precision for Recommended Sample Design
Program
Administrator
Berkshire Gas
Columbia Gas
New England Gas
National Grid
NSTAR
UNITIL
Total

Projects
5
88
2
197
72
5
369

Total Therms
Saved
92,126
1,413,872
95,831
4,270,492
1,981,509
61,963
7,915,793

Error
Ratio
0.6
0.6
0.6
0.6
0.6
0.6
0.6

M&V
Sample
Size
2
13
2
18
13
2
50

Planned Desk
Review Size
3
22
2
35
24
4
90

M&V
Anticipated
Relative
Precision
±25.92%
±17.29%
±0.00%
±16.32%
±18.48%
±51.34%
±10.43%

The on-site M&V was restricted to NSTAR sites only. The sample size was increased to 16 from 13 in
order to ensure attaining ±20% precision or better.

2.2

Final Sample

Table 7 presents the final sample disposition for the on-site sample. Of the 16 sites, 10 were primary
samples, while the balance of sites required recruiting one or more back-up site. Each of these back-up
sites replaced primary sites that refused to participate in the study.
Table 7: NSTAR Final Sample Disposition
Program Administrator
NSTAR

KEMA, Inc.

Original Sample

Sites w Backups

Attempted
Recruits

Final

16

6

0

16
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Table 8 summarizes the final sites for which monitoring and verification activities were completed and
indicates the PA, the number of measures at the site, the application type (R for retrofit, LO for Lost
opportunity), the verified measure description, and finally, the facility type.
Table 8: Strata by Site ID for Final Selection
Site

PA

304

Strat- Verified
um Measures

App Type

NSTAR

Numb
of
Measures
1

LO

1

309

NSTAR

1

R

1

312

NSTAR

1

LO

1

321

NSTAR

1

R

1

327

NSTAR

1

R

1

349

NSTAR

1

R

2

352

NSTAR

1

R

2

353

NSTAR

1

R

2

356

NSTAR

7

R

2

357

NSTAR

2

R

2

358

NSTAR

2

R

2

359

NSTAR

1

R

3

360

NSTAR

1

LO

3

361

NSTAR

1

R

3

362

NSTAR

2

R

3

364

NSTAR

2

LO

3

KEMA, Inc.

HVAC, heating
system
EMS, HVAC
controls
HVAC, heating
system
HVAC, exhaust
controls
HVAC, boiler
burner control
EMS, HVAC
controls
EMS, HVAC
controls
HVAC, boiler
burner control
HVAC, custom
EMS, HVAC
controls and boiler
controls
EMS, HVAC
controls
EMS, HVAC
controls
HVAC
comprehensive
study
Process boiler
burner control
HVAC
Process hot water
systems
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Facility Type

Manufacturing facility
Public school
DPW garage
Kitchen area

Public school
Office and laboratory space
Office and laboratory space
Public school
Office and residential space

Hospital
Office and laboratory space
College dormitory

Manufacturing facility
University dormitory
Bottling facility
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3.

Desk Review of Savings Estimates

This section presents the approach used by the Evaluation Working Group for developing and using
objective criteria to aid in deciding whether to proceed with an expensive on-site M&V evaluation for the
PY2011 program. The criteria consist of different measurements of the quality of the applicant savings
estimates, comparing past program activities (the benchmarks) to the PY2011 program on an applicationby-application basis. The inference was that if the PY2011 program was measurably different from the
benchmark, it would be prudent to proceed with a full-scale impact evaluation.
In 2012, the MA Gas Working Group was faced with a dilemma: Should they move forward with a third
consecutive impact evaluation, or postpone it to conserve resources?
The PAs had sponsored two prior evaluations for PY2009 and PY2010. The approach in both of the
previous studies had been based on on-site M&V of a representative sample of participants. The
realization rate each year was about 70% statewide. It was hypothesized that the low realization rates
reflected the earlier implementation model and that as procedures became more rigorous, the realization
rate would increase to be on par with the electric programs, which are typically in the 90% range for gross
savings.
The past evaluations had concluded that administrative errors and factors that could have been identified
in a more rigorous technical review contributed to variances in realization rates. The PAs were taking
steps to improve the technical review. Some of the PAs were convinced that significant improvements to
the process had been made, while other PAs concluded their process improvements were barely
underway. It was not clear whether the distribution of projects in PY2011, the third year, reflected these
improvements sufficiently to warrant another impact evaluation.

3.1

Overview of the Approach

Rather than embark on a full impact evaluation or postpone an evaluation entirely, the Working Group
tried a new approach. The group agreed to test, through a systematic review of a sample of PY2011
projects, whether the process had changed sufficiently to warrant one or more of the PAs proceeding to a
full M&V impact evaluation. In concept, significant program changes should be the primary trigger for
an impact evaluation because a stable program should produce stable realization rates. This proposed
method offered a method for testing a key element of program delivery – the measures savings estimation
process.
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In commissioning this task, the Working Group agreed first to a framework and then to one key ground
rule. In the framework, a statistically selected sample of PY2011 sites would undergo desk reviews (the
desk review sites) to characterize the current state of savings estimate quality. These results would be
compared to similar reviews of sites that underwent M&V in the last two evaluations (the benchmark
sites) to determine if there was a measurable improvement in the PY2011 methods.
The key ground rule was that objective criteria had to be determined prior to the completion and
presentation of the PY2011 desk review results to avoid inadvertent tilting towards a preferred outcome.
These were dubbed the decision criteria.
The method for implementing the framework is outlined in Figure 1 and described in some detail in the
subsequent five sections.

Methodological Steps
Rubric
Identify
factors that
constitute a
quality
estimate of
savings.

Benchmark

Project file
M&V Reports
(~90)

Decision Criteria
Analyze and
boil down to
manageable
number of
measuremen
ts

Desk Reviews

Decision

Project file

Compare Desk
Review to
Criteria

Desk Review
(~90)

Apply rubric
to each site
Rubric: A
spreadsheet
capturing a
variety of aspects
characterizing the
savings estimate
as documented in
the project file.

Falls within range:
Postpone M&V

Dataset of
benchmark data

Agreement on
decision criteria
and their use

Dataset of desk
review data

Falls out of range:
Proceed to M&V

Figure 1: Framework Methodology

3.1.1

Step 1: The Rubric

As a first step, the impact team had to create a rubric for assessing the quality of a project savings
estimate. This rubric had to capture the judgments made by an engineer during a review of applicant
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savings and had to be based on the material available to a reviewer prior to the installation of the measure
and stored in the project file. For example, the results of the review could not rely on post-installed gas
usage, because that information would not be available for an engineering review.
The team focused on characterizing aspects of the project that could be reviewed from the project file
alone and when done properly would lead to a better estimate of savings. The characteristics considered
important could be summarized as follows:
•

Was the baseline correct for the measure?

•

Was an appropriate savings methodology employed?

•

Was there evidence that customer billing had been consulted in reviewing the savings estimate?

•

Was the savings fraction (savings as a percentage of total pre-installation gas usage) reasonable?

•

Were all the documents present in the file (application, invoice, savings estimation description,
native spreadsheets, or models)?

•

Were the savings reproducible?

•

What was the quality of the overall savings estimate?

These questions were translated to a spreadsheet designed to capture the reviewer’s responses
systematically and consistently from site to site. Altogether there were about 70 parameters entered by the
engineer for each site.
Pick lists were defined for qualitative parameters to permit comparison across projects. For example, the
“overall quality of the estimate” reflects the reviewer’s overall judgment about the estimation method
documented in the project file. A higher quality savings estimate provides appropriate assumptions
supported by site-specific information with transparent methods of calculation.

3.1.2

Step 2: Creating the Benchmark Dataset

Once the rubric was designed, the engineering team went back to the site reports and project files selected
for M&V sites from the two previous evaluations and applied the rubric to each site.
For the comparisons to be meaningful, it was important that the judgments of each engineer (a team of
six) were similar across projects and year to year. Engineers underwent training on the intent and use of

KEMA, Inc.

3-3

June 17, 2013

the tool and each of the final completed rubrics was reviewed by the same senior engineer to ensure
consistency.
A total of ninety-one benchmark sites were reviewed using the rubric. The results from each of the
spreadsheet templates were compiled into a single dataset.

3.1.3

Step 3: Defining the Decision Criteria

With the benchmark dataset in-hand, the decision criteria had to be conceptualized and quantified in such
a way that that the pass/fail test would be unambiguous once the desk review sites’ results were in. As
noted previously, these criteria had to be established before the desk review step to ensure objectivity. In
addition, all the PAs and the EEAC consultants, had to agree to the Decision Criteria even though some
of the PAs hoped for opposite outcomes,
There were multiple options for how to proceed. How many criteria should there be, and what should they
be? Should they be based on a simple site count or weighted in a manner reflecting the site’s impact on
program outcomes? Should individual criterion be weighted or each counted the same? How should nonnumeric parameters, such as the quality of estimate, be translated into an objective score? How should the
margin between passing and failing be defined?
Ultimately, the Working Group agreed to seven decision criteria, as shown in Table 9. Each criterion was
presented as a percentage of total program tracking therms meeting the criterion. Thus, the baseline
criterion can be interpreted as indicating that the baseline was appropriate at benchmark sites representing
74% of the program therms.
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Table 9: Statewide Decision Criteria Summary
Criterion

Benchmark Value

No Action
Range

Weighting
Factor

Baseline is appropriate

75% of the time

60% – 89%

40%

Savings method was appropriate

47% of the time

38% – 57%

10%

8.2%

6.6% – 9.8%

10%

44% of documents found

35% – 53%

10%

Evidence of bills in the file

35% of the time

28% – 42%

10%

Savings was reproducible

54% of the time

43% – 65%

10%

67% reasonable quality

54% – 81%

10%

Savings fraction
Document inventory

Quality of the estimate
Threshold standard

20%

To finalize the criteria, the Working Group had to finalize the range of values for each criterion where no
M&V would be required (No Action Range) and also any criterion weighting factors.
The degree of change in the criterion value considered significant enough to warrant proceeding to the onsite work (the “threshold standard”) was 20%. This threshold is somewhat arbitrary. Finding that gas
billing is factored into the savings analysis 20% more of the time, for example, shows an improvement in
the estimation process, but it does not follow that savings will increase 20%. That being said, a 20%
change in a criterion is likely to be large enough to rise above the noise in the results indicating more
systematic changes have occurred and yet not so large as to preclude the identification of any
improvements.
An attempt was made to develop an analytical model relating the criteria to the realization rate using
regression analysis. The model only weakly explained the realization rate. It is speculated that a better
model would have to account for measure mix, project size, and other factors not directly related to the
savings estimation process. However, the model did consistently show that the baseline was the most
significant criterion; therefore the baseline criterion was assigned the highest weighting.
A detailed example of how one criterion value was calculated follows. Changes to baselines by the
evaluator accounted for about 5% of the 30% discrepancy in realization rate observed in the previous
evaluations. A frequent source of the baseline change occurs when the applicant installs a large capital
piece of equipment, such as a boiler, where code is the appropriate baseline, but the applicant identified
the pre-installation equipment as the baseline.
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Table 10 compares the applicant and evaluator identification of the baseline. In some cases, the applicant
baseline was not documented at all, or was ambiguous. The cases where the applicant is not clear or
indicates that their baseline is different from the evaluator’s are in the Red Zone, while agreement is
shown in the Green Zone. An improvement in agreement between the evaluator and applicant will
improve the estimate of savings.
The value shown in the Table 10 is the portion of desk review estimates, by savings, that fall into the
Green Zone on an aggregate basis.
Table 10: Benchmark Result – Baseline Agreement

Applicant Assessed
Clearly code or equivalent
Apparently code or equivalent
Not clear
Apparently pre-existing conditions
Clearly pre-existing conditions

Evaluator
Assessed
Clearly code or
equivalent
343,047
711,221
423,921
554,288
900,235

Savings in green zone
Percent in green zone
No action range

5,686,297
74%
> 59%

STATEWIDE

Clearly preexisting conditions

537,781
3,850,840

< 89%

A copy of the memo describing all of the decision criteria is included in Appendix A.

3.1.4

Step 4: Desk Reviews of Current Projects

Once the decision criteria had been defined and agreed upon, the engineering team commenced the desk
reviews of a statistically selected sample of PY2011 projects applying the rubric to each. The sites were
selected using an on-site M&V sample strategy as noted in Section 2. If the results proved a site M&V
impact evaluation was warranted, the engineering team could quickly and efficiently convert the desk
reviews to a site M&V plan.
A total of eighty-five sites were reviewed using the rubric.

3.1.5

Step 5: Using the Decision Criteria

The criteria values were calculated using the compiled rubric results for the PY2011 desk review. The
criteria scores are presented in Table 11 for the state as a whole and also for the three largest PAs. Color
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coding is used to show where a criterion was out of the No Action Range (coded red) indicating the
savings estimation process had improved or regressed and an M&V impact evaluation was warranted.
Criteria that remained within range are color-coded green. Appendix A contains a second memo which
describes the results of each criterion comparison.
Table 11: PY2011 Desk Review Results Compared to Decision Criteria
Statewide
Benchmark Value

State

Columbia

National
Grid

NSTAR

Baseline is appropriate

75% of the time

79%

74%

78%

87%

Savings method was
appropriate
Savings fraction

47% of the time

61%

85%

47%

72%

8.2%

6.8%

6.8%

6.7%

7.6%

Document inventory

44% of docs found

42%

47%

43%

48%

Evidence of bills in the file

35% of the time

45%

71%

38%

42%

Savings was reproducible

54% of the time

39%

27%

47%

72%

Quality of the estimate

67% reasonable
quality

71%

80%

65%

78%

Benchmark

These findings indicate that a significant change in practice is not indicated broadly enough to warrant
another statewide impact evaluation (only three of seven criteria are out of range). However, when
examining the results by PA, a different conclusion was reached for NSTAR. Both Columbia Gas and
National Grid did stray outside of the range more often than not. However, considered on a weighted
basis, the criteria indicate only NSTAR showed sufficient change to warrant another impact evaluation.
Note that each PA had their individual decision criteria which were calculated using the same algorithm
as the statewide values.
These conclusions are aligned with the PA reporting of process changes. NSTAR reported that a
significant and definitive change occurred in the late 2010 timeframe. Prior to the change, the gas
program manager conducted the savings estimate review; after that date, staff engineers were assigned
responsibility to review custom estimates of savings. The other PAs did not identify any such sharp
change in practice.
Based on the evidence of this process and the confirmatory information from the PAs, the Working Group
decided to proceed with an impact evaluation of NSTAR’s program only.

KEMA, Inc.

3-7

June 17, 2013

3.1.6

Conclusions and Recommendations

This approach provides a reproducible and systematic method for measuring the quality of an energy
savings estimate in a custom program. The method was useful to the Working Group in deciding on how
to proceed, where there had been fundamental disagreement before the analysis was presented. The
benchmarking process also yielded a characterization of savings fractions which may be useful to
application reviewers (see Table 12) and is an ancillary benefit of the process.
The final evaluated NSTAR realization rates showed substantial improvement over previous evaluations,
which in part confirm the forecasting ability of the method. The NSTAR realization rates are summarized
in Table 12. Clearly, the realization rates have improved from the PY2010 evaluation. While the PY2009
evaluation showed a high realization rate, the results were much less precise.
Table 12: NSTAR Realization Rate Trend
Program Year

Realization Rate

Relative Precision

Sample size

PY2009

84.9%

±29.2%

7

PY2010

47.3%

±11.2%

13

PY2011

84.4%

±6.9%

16

However, the method cannot be considered fully validated with a single data point. It would have been
interesting to compare the realization rates of those PAs that did not meet the threshold test to see if their
rates would have remained stable as indicated by the model. The evaluators recommend that the desk
reviews be repeated for at least all sites selected for on-site M&V in the next evaluation for comparison to
the benchmark for further validation of the method at little extra cost.

3.1.7

Comparison of Desk Review and Evaluated

This section compares the NSTAR desk review and evaluated results on a site by site basis for those sites
with both a desk review and evaluated results. As a starting point, Figure 2 shows a comparison of the
desk review projected and evaluated savings to tracking savings.
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Figure 2: Desk Review and Evaluated Savings vs. Tracking Savings
Figure 2 shows that both savings values are well correlated with tracking savings although the desk
review projection is biased downwards with an un-weighted realization rate of about 69% whereas the unweighted evaluated realization rate is 80%. While desk review estimates of savings are not available for
the NSTAR PY2009 or PY2010 studies, we suspect the reviews would have shown a low realization rate
with a high rate of variance because the paperwork was so scant in those years. We conclude that the desk
review projected realization rate can be a meaningful indicator of the direction of the realization rate
provided the change is large enough, however it is not a predictor of the magnitude of the improvement.
Table 13 presents a site-by-site review of the NSTAR sites that were both desk reviewed and on-site
evaluated. Two sites did not have desk reviews.
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Table 13: Comparison of Desk Review and M&V Results Sites
Site

Evaluated
Savings

Verified Measures

Facility Type

Notes

Eval RR

DR RR

Applicant
Basline

DR Baseline

RR Baseline

Quality

177%

-381%

Code

Code

Code

3

304

4,890

Billing data was misleading. DR
HVAC, Install 100% OA heating
judged equipment may have been
Manufacturing facility
system
inappropriate, but it was
appropriate.

309

4,486

EMS, HVAC controls

Public school

DR and evaluation used billing
analysis.

120%

84%

Existing

Existing

Existing

4

312

3,248

HVAC; Install infrared heating
system

DPW garage

Billing data was misleading. File
did not have much information.

79%

0%

Existing

Code

Code

1

321

8,364

HVAC, kitchen exhaust controls Kitchen area

124%

38%

Existing

Existing

Existing

4

327

12,790

HVAC, boiler burner control

Office building

136%

50%

Existing

Existing

Existing

2

349

27,907

EMS with DCV and other

Elementary school

70%

67%

Existing

Existing

Existing

5

352

45,767

Upgrade EMS, with expanded Office and laboratory DR used billing; metered results
HVAC controls
space
were close to billing.

103%

100%

Existing

Existing

Existing

5

353

23,233

HVAC, boiler burner control

51%

36%

Existing

Existing

Existing

2

356

61,184

79%

NA

NA

NA

NA

NA

357

90,588

HVAC, custom
Boiler combustion controls
(80%) EMS HVAC controls
(20%)

113%

93%

Existing

Existing

Existing

2

358

65,599

Upgrade EMS, with expanded
Hospital
HVAC controls

DR used billing; metered results
were close to billing.

73%

72%

Existing

Existing

Existing

5

359

66,152

Upgrade EMS, with expanded Office and laboratory
DR used typical savings fraction
HVAC controls
space

57%

35%

Existing

Existing

Existing

5

360

50,512

HVAC comprh. study

College dormitory

43%

NA

NA

NA

NA

NA

361

105,847

Process boiler burner control

DR found analysis well supported
Manufacturing facility and accepted savings; metered
data used for evaluated results

87%

100%

Existing

Existing

Existing

5

362

132,886

DR found analysis well supported
Heat recovery wheel (80%) and
University dormitory and accepted savings; metered
EMS (20%)
data used for evaluated results

98%

100%

Code

Code

Code

5

364

133,602

Process hot water systems

DR used billing analysis without
production; metered data used for
evaluated results

68%

50%

Existing

Existing

Existing

5

DR assumed non-24 hours of
operation
Very high savings in existing case
fell out of norm range and was
reduced by DR.
DR used billing; metered results
were close to billing.

Office and laboratory DR and evaluation used billing
space
analysis.
Public school
Boiler controls had a simple
Office and residential
analysis, EMS was well
space
documented

Bottling facility

There was one site where the evaluated baseline differed from the applicant baseline. The desk review
had also concluded the applicant baseline was incorrect. For the purposes of this study, the focus was on
identifying whether the applicant correctly identified pre-installed equipment or code compliance as the
baseline case, but does not address changes in baseline conditions, such as operating hours. Identifying
the correct reference baseline (pre-existing vs. code) is a crucial decision the implementer must make in
the review of the application that can have a large impact on the savings.
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In most cases, the desk review projected and evaluated realization rates were reasonably close. In a few
cases, where both saving estimates relied on billing data, the results were the same. However, in some
cases, the results were widely divergent. The divergences occurred for the most part as follows:
•

Smaller sites, which tended to have lower quality estimates with less site specific information
incorporated into the applicant analysis.

•

Sites where the billing data was incomplete leading the desk reviewer to incorrect conclusions.

These results are not surprising, given that less effort can is afforded smaller projects, so the estimates
would tend to be more generic. Also billing analysis can be an excellent method for verifying savings,
but it is important to have all the affected bills and also confirmation that other factors such as occupancy
or production are not affecting the outcome.
Figure 3 compares the evaluated realization rates to a desk review quality index which is a 1-5 numeric
compilation of the decision criteria, where a 5 rating is the highest quality estimate including site specific
and credible measure analysis and where a rating of 1 indicates that no savings methods were documented
in the files. In the graph, the shaded bar represents a ±20% band around the 85% realization rate line (the
NSTAR program evaluated realization rate). There were eleven high quality sites with quality indices of
80% or better, seven of which fell in the band; there were five low quality sites two of which fell in the
band. While these are small numbers, the trend indicates that the sites judged to have higher quality
estimates produced evaluated realization rates that were better aligned to the final program realization
rate.
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Figure 3: Quality Index vs. Realization Rate
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4.

On-Site M&V Methodology

This section describes the site methodology generally for both the development of site evaluation plans,
the execution of the plans, and the final process for producing program results.

4.1

Measurement and Evaluation Plans

Following the final sample selection of 2011 Custom Gas applications and prior to beginning a site visit,
ERS developed detailed measurement and evaluation plans applications. These plans outlined on-site
methods, strategies, monitoring equipment placement, calibration, and analysis issues. The PAs provided
comments and edits to clarify and improve the plans prior to them being finalized.
Evaluators utilized the savings analysis methodologies from the Technical Assistance study (TA)
whenever possible. However, in many cases, the TA methodology was unavailable or found to be
incorrect or inappropriate. In those cases, the evaluators performed an analysis more appropriate to the
measure being evaluated. Adjustments to savings methodologies were presented and agreed upon in the
measurement and evaluation plans.
The site evaluation plan played an important role in establishing approved field methods and ensuring that
the ultimate objectives were met.

4.2

On-Site Data Gathering, Analysis, and Reporting

Data collection included physical inspection and inventory, interview with facility personnel, observation
of site operating conditions and equipment, and short-term metering. At each site, the evaluator
performed a facility walk-through that focused on verifying the post-retrofit or installed conditions of the
energy efficiency measure. Several of the facilities utilized EMS controls which were either part of the
application itself or controlled equipment that was included in the application. Evaluators viewed EMS
screens to verify schedules and operating parameters where applicable. At times, the EMS was utilized to
log key parameters, or previously trended data was extracted from the system. Instrumentation such as
current loggers, motor status, and temperature loggers were installed to monitor the usage of the installed
HVAC equipment and associated affected spaces. At most sites, combustion efficiency measurements
were taken of the heating equipment. Gas bills were acquired from the gas distribution company and from
customer records.
Weather sensitive measures were assessed using historical weather data from periods matching the
metering period or the gas billing. Savings estimates were normalized to a typical year using a typical
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meteorological year (TMY3). Weather stations located closest to each facility were used for all weathersensitive calculations.
Each site report details the analysis methods used specific to each project including algorithms,
assumptions, and calibration methods where applicable. The actual analytical techniques employed
depended upon the applicant’s methods, the measure, and site conditions. The methods included:
Hourly temperature spreadsheet models Most condensing boiler, boiler, boiler controls, EMS,
heat recovery, and water heater savings were estimated using an 8760 hour model. Historical
hourly weather data for a twelve month post installation period forms the basis of the model,
permitting an hourly calculation of thermal load and equipment efficiency. The temperature and
runtime logged measurements are utilized to identify a relationship between operation and
outdoor air temperature. Operating schedules are also incorporated into the model. Boiler
efficiency is based on the measured efficiencies extrapolated across the firing range of the boiler.
For condensing boilers, the latent efficiency component was typically modeled as a function of
the return water temperature. The final model is usually calibrated to actual customer bills.
Bin temperature spreadsheet models A bin temperature model is a simplified version of the
hourly model. While the thermal load and efficiency calculations are similar, the weather is
represented by the number hours of occurrence of an outdoor temperature by temperature bin
(usually in five degree increments). The bin model was used in cases where the applicant had also
used a bin model and for some of the simpler measures.
Building simulation models Most of the envelope measures including attic insulation, roof
insulation, wall insulation, and window replacement were generally modeled using a simple
eQUEST building simulation model. The building simulation model captures impacts of thermal
mass and solar gains, which can be important for envelope measures. One of the most complex
sites, a new construction project incorporating enhanced insulation and advanced HVAC design
with radiant heat and cold beam cooling was modeled with an eQUEST model. The building
models incorporated field measurements and observations, such as boiler efficiency
measurements and building schedules. Models were generally calibrated to customer monthly gas
bills.
Billing analysis A few sites, like the temperature-controlled radiator valve (TRV) sites, were
evaluated using a two-sided billing analysis, where the savings was determined to the difference
between the weather adjusted pre and post billing data. Billing analysis was used if the baseline
conditions could not be confirmed and no other significant changes had occurred at the site. In
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some cases, a one-sided billing analysis was used, where the current facility load was determined
from the post-installed weather normalized billing data. The pre and post-efficiency conditions
were then applied to the determined gas usage to calculate the savings. Bills were reviewed in all
cases to ensure the results were reasonable in light of the bills.
At almost all of the sites, customer billing usage was used to corroborate the savings. Engineers submitted
draft site reports to the PAs upon completion of each site evaluation, which after review and comment
resulted in the final reports. These are included in Appendix B.

4.3

Aggregate Analysis Procedures

In order to aggregate the individual site results from the Custom Gas sample, KEMA applied the modelassisted stratified ratio estimation methodology.1,2 The key parameter of interest is the population
realization rate, i.e., the ratio of the evaluated savings for all population projects divided by the tracking
estimates of savings for all population projects. This rate is estimated for the overall Massachusetts
program, as well as for individual PAs. Of course, the population realization rate is unknown, but it can
be estimated by evaluating the savings in a sample of projects. The sample realization rate is the ratio
between the weighted sum of the evaluated savings for the sample projects divided by the weighted sum
of the tracking estimates of savings for the same projects. The total tracking savings in the population is
multiplied by the sample realization rate to estimate the total evaluated savings in the population. The
statistical precisions and error ratios are calculated for each level of aggregation.

1

[1] The California Evaluation Framework, prepared for Southern California Edison Company and the California
Public Utility Commission, by the TecMarket Works Framework Team, June 2005, Chapters 12-13.
2
[2] Model Assisted Survey Sampling, C. E. Sarndal, B. Swensson, and J. Wretman, Springer, 1992.
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5.

Results

This section presents the site and population level results. The site level results include the level estimates
of savings and a quantitative breakdown of the factors that caused the realization rates to deviate from
100%. The population level analysis includes a presentation of the final case weights and the resulting
realization rates.

5.1

Site Level Results

Figure 4 presents a scatter plot of evaluation results for annual therm savings plotted against the PA
tracking savings. The dashed line represents a realization rate of one. The slope of the solid line in this
graph is an indication of the overall realization rate and how it relates to a realization rate of 100%. These
sample data are scattered widely around the trend line, which supports the estimate made during the
design process that the error ratio would be relatively high.

Figure 4: Scatter Plot of Evaluation Results for Annual Therm Savings
There are no outliers that unduly influence the outcome.
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5.2

Retrospective Realization Rates

The 2011 custom gas analysis population consisted of the NSTAR population and sample sites whose
data was tracked in 2011. For all other PAs the population and the sample sites were reused from 2010
analysis. The new sample design used for NSTAR had 3 strata, while the number of strata, the sample
sites, and the population remained the same for all other PAs.
The 2011 population stratum boundaries for NSTAR along with 2010 population stratum boundaries for
all other PAs were used to calculate new case weights for each sample observation. These weights reflect
the number of projects that each of the sample points represent in their respective populations and allow
for the aggregation of results across strata and PAs. The final case weights for the study, which reflect
sample substitutions, are shown in the last column in Table 14.
Table 14: Custom Gas Case Weights
PA
Berkshire Gas
Berkshire Gas
Columbia Gas
Columbia Gas
Columbia Gas
Columbia Gas
New England Gas
National Grid
National Grid
National Grid
National Grid
National Grid
NSTAR
NSTAR
NSTAR
UNITIL
UNITIL

Stratum

Total Projects
1
2
1
2
3
4
1
1
2
3
4
5
1
2
3
1
2

7
1
73
16
4
2
1
67
20
11
7
4
54
12
6
5
1

Tracking Savings
14,496
75,188
216,275
338,551
450,645
548,269
23,400
220,311
306,243
328,074
376,822
499,881
486,479
659,566
835,464
31,697
79,715

Projects in
Sample
1
1
4
4
3
2
1
4
3
5
1
4
5
6
5
1
1

Case Weights
7.0
1.0
18.3
4.0
1.3
1.0
1.0
16.8
6.7
2.2
7.0
1.0
10.8
2.0
1.2
5.0
1.0

The site-level evaluation results were aggregated using stratified ratio estimation. The PA realization rates
were estimated and then applied to each PA’s total tracking savings to determine their total measured
savings. The state-wide realization rate is the ratio of the total measured savings to the total tracking
savings, each of which is calculated by summing across the PAs. Table 15 summarizes the state-wide
results of this analysis. The realization rate for Custom Gas measures was found to be 82.1%. This is
somewhat higher than the analysis of 2010 projects (67.6%). The relative precision for this estimate was
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found to be ±9.4% at the 80% level of confidence. The error ratio was found to be 0.45, which is lower
than the 0.60 used during the sample design.
Table 15: Statewide Results
Realization Rate Results
All PAs
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Error Ratio

KEMA, Inc.

5-3

Annual Therms
5,491,076
4,507,074
82.1%
±9.4%
423,802.97
0.45

June 17, 2013

The results of the analysis of realization rates by PA follow in Table 16. Note that the only new impact
values are NSTAR’s; the remaining results are PY2010 impact evaluation results. It was anticipated that
National Grid, Columbia Gas and NSTAR would have enough sample points to produce estimates with
adequate precision to use their individual results. The results indicate that the goal of at least ±20% for
these PAs was achieved.
Table 16: Results by Program Administrator
Program Administrator
Berkshire Gas
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio
Columbia Gas
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio
New England Gas
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio
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Program Administrator
89,684
34,660
38.6%
±0.8%
276
2
0.02

1,553,740
1,293,037
83.2%
±12.9%
167,329
13
0.42
23,400
12,902
55.1%
±0.0%
1
0.00

National Grid
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio
NSTAR
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio
Unitil
Total Tracking Savings
Total Measured Savings
Realization Rate
Relative Precision at 80% Confidence
Error Bound at 80% Confidence
Sample Size
Error Ratio
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68.5%
±17.4%
203,593
17
0.62
1,981,509
1,672,824
84.4%
±6.9%
115,662
16
0.31
111,412
34,801
31.2%
±48.3%
16,807
2
0.86
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6.

Conclusions and Recommendations

Overall, the Custom Gas projects for this evaluation mainly were based in HVAC measures with the
majority of those relying on controls to obtain savings. There were other sectors in the measure selection
as well such as industrial process and heating as well as equipment replacements. Below are major
findings and recommendations that apply statewide.

6.1

Realization Rates

The study produced statewide results that are reliable (±9.4%) at 80% confidence. The precision levels
were found to be: National Grid: ±17.4%, Columbia Gas: ±12.9%, and NSTAR: ±6.9%, which meet the
criteria for applying individual PA results established in the Protocol memo of November 2010.
The results do not support application by measure, although on first glance, the statistical outcomes may
indicate otherwise. The measure classification is currently not robust enough to support by measure
realization rates. These results indicate performance trends, but are not considered reliable for planning.

6.2

Program Improvement Recommendations

The evaluation team reviewed project files, conducted detailed analysis of the information provided in the
files, and quantified discrepancies analysis to make the recommendations of this section.
•

Project documentation should include savings estimates in the native file form and support the
claimed baseline.
Many of the supplied data files included print-outs only of the analysis or an output summary page.
Very little information was given in these cases to the baseline and expected as-built inputs for the
measures. It is imperative to have all assumed, measured, metered, and/or supplied data that is
applicable to the measure. Without having the data which constructed the baseline the evaluation team
must re-create this information using non-current data as found on site or through site contacts. In
many instances generally accepted normal operation is used if no other reasonable information is
presented. This can obviously have an effect on the overall outcome of the project savings.

•

Controls measures, particularly EMS based strategies, must be verified for proper operation, set
points, and applicability.
One of the main sources of discrepancy in the savings for controls measures is that control strategies
were not implemented. Several projects had strategies that were not implemented because they were
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inapplicable. Upon final inspection, all aspects of a measure should be physically and electronically
reviewed for proper implementation and operation. Post-installation metering may be appropriate for
some large measures to true up savings.
•

Combustion control savings are often assumed to save a fixed percentage of total gas usage.
However, the application should include not only the percentage savings, but the baseline and
projected as-built efficiencies and the billed gas usage. The baseline should be documented using
combustion gas efficiency tests or other measure of the baseline. The resulting parameters can be
easily checked against acceptable ranges to validate the measure.

Table 17 is a compilation of PY09 and PY10 evaluated savings fractions for various measures with the
equivalent applicant savings fractions included for reference. The evaluated average savings fractions
were calculated using the case weighted actual evaluated savings for a measure divided by the weighted
baseline gas usage. The table also presents the range of values which fall within one standard deviation
of the mean savings fraction as an indicator of the variance in savings fractions that were observed. The
Table is ordered by the frequency of the measure. For example, there were 37 observations of evaluated
boiler replacements where this ratio could be calculated.
The evaluators recommend that the implementers consider using the results of this table identified as
“Reference” as sanity checks of individual application savings estimates and as indicator where a deeper
review of an application may be warranted. However, the evaluator recognizes that each project is unique,
and as such these values should only be used as an additional reference point to verify the applicant’s
savings estimates if the circumstances deem it appropriate and not as a substitute for estimates of savings
using site specific values. Those measures flagged as “ Background” are less useful as a cross-check to
savings estimates because of the limited number of observations, the variance of the observations, or the
non-specificity of the category (such as Other Controls).
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Table 17: Comparison of Applicant and Evaluator Savings Fractions

Number
of
Measures

Average
Evaluated
Savings
Fraction

Min

Boiler/DHW replacement

37

6.9%

0.0%

EMS

13

8.1%

Boiler Burner/Controls

11

Heat recovery
Insulation Roof
Other Controls

Measure

Max

Average
Tracking
Savings
Fraction

Status

16.1%

12.3%

Reference

0.0%

19.8%

8.7%

Reference

2.5%

0.0%

5.0%

5.0%

Reference

9

7.0%

0.0%

19.7%

11.4%

Reference

8

18.5%

1.8%

35.1%

22.6%

Reference

7

14.1%

2.3%

25.9%

19.1%

Background

Standard Deviation

Ventilation heat recovery

7

4.4%

0.0%

42.6%

4.6%

Background

Windows

6

1.3%

0.0%

6.9%

2.6%

Reference

Insulate Walls/Attic/Ducts

5

10.7%

2.9%

18.4%

10.2%

Reference

Other Process

5

19.4%

0.0%

48.5%

24.5%

Background

Other non-boiler replacement

4

4.6%

0.4%

8.8%

13.2%

Background

Direct fired replacement

3

4.7%

0.0%

10.2%

16.8%

Background

Other hydronic/steam replacement

2

32.1%

16.9%

47.3%

23.0%

Background

Air sealing/doors/docks

1

6.6%

12.7%

Background

STEAM TRAPS

1

6.9%

5.4%

Background

6.3

Evaluation Recommendations

The following recommendations concern future custom gas impact evaluations.

6.3.1

Evaluation execution

These recommendations concern procedures and planning related to a custom gas impact evaluation:
•

Consider some summer metering for measures which involve summer gas use such as industrial
processes or re-heat operations.
Several measures included gas savings during summer and shoulder months such as terminal reheat. Standard metering and trending during winter operation do not predict this usage as it is
more based on internal loading. While the savings associated with shoulder season operation do
not provide a large percentage of the overall gas savings, some metering would provide a means
of scaling those savings for that and other projects.
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•

Evaluators should make every attempt to collect all the gas billing meter numbers from sites to
ensure proper billing data is issued for multi-meter sites.
Sites may have several meters assigned to that address or customer name. Billing data can be a
tremendous tool for validating savings or used to determine actual savings depending on the
validity of the correlations. It is imperative that the correct billing data is supplied with the project
files and evaluators should verify this data using the meter number assigned to the evaluated site.

6.3.2

2011 program year impact evaluation

The Massachusetts gas programs have once again undergone significant growth. The 2009 and 2010
impact evaluations produced similar gross realization rates of about 70% (without the outlier site in
2009). The NSTAR PY2011 M&V impact results showed a significant improvement from in the PY2010
NSTAR realization rates.
The PAs and EEAC consultants may wish to consider a new round of custom gas impact evaluations of
the 2012 program year for PAs other than NSTAR. Because of the continued rapid program growth and
the PA intention to learn from past evaluations and to improve implementation processes, program
realization rates have likely not stabilized. The statewide M&V impact evaluation was skipped for most
of PY2011 as a result of desk review task which showed that only NSTAR had significant process
improvements.
However, before proceeding with any on-site M&Vs, the evaluators recommend repeating the deskreview task to further test the validity of the desk review method for triggering more expensive impact
evaluations. The desk-review task will add about 2% to 10% to the impact evaluation cost, depending on
the number of sites included in the desk review.
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