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2 INTRODUCTION 

2.1 Study purpose, objectives, and research questions 

In 2019 and 2020, DNV GL carried out the Impact Evaluation of Non-Lighting Measures in the Massachusetts 

Commercial & Industrial (C&I) Retrofit Small Business Core Initiative (“the initiative”).  The overall objective 

of this study is to quantify the electric energy savings and demand reduction attributable to the initiative.  

This will enable the Massachusetts Program Administrators (PAs) and Energy Efficiency Advisory Council 

(EEAC) Consultants to determine whether expected savings are being achieved and to identify 

recommendations for improvement, including potential updates to the Technical Reference Manual (TRM). 

This study focused on the energy, connected demand, and peak demand impacts of non-lighting measures 

(i.e., refrigeration and HVAC) installed in PY 2017 of the initiative.  Note that there are changes to how small 

businesses will be served according to the 2019-2021 Three Year Energy Efficiency Plan.1 Per that plan, 

there will be two statewide unified offers: a turnkey delivery model implemented by vendors subcontracted 

to the PAs, and a customer-directed option that allows customers to choose their own installation vendor 

who meets specific criteria. DNV GL’s understanding is the findings from this study are applicable to what 

will be reported on the turnkey sub offering/pathway during 2019-20212.  

This is the second of two phases of impact evaluation work for the small business initiative.  The first phase 

was completed in 20183 and covered lighting installations (including refrigeration lighting).  This 2018 study 

provided a realization rate of 95.1% with a precision of ±4.7% at the 90% confidence interval.  The 

combined lighting, refrigeration, and HVAC savings are more than 98% of savings claimed in the 2017 

program year. 

This study provides the following results for HVAC and refrigeration measures installed in 2017:  

1. Energy savings (kWh) and realization rate 

2. Summer on-peak and winter on-peak realization rates 

3. % on-peak kWh 

Additional study objectives include the following: 

1. Provide primary drivers of savings discrepancies (installation rates observed, changes in operating 

hours, changes in quantity installed) as part of individual site reports that also contain all methods and 

impact results for measures installed. 

2. Explore and establish the proper baseline for each measure in the sample (retrofit or new construction) 

and develop lifetime savings estimates using dual baseline methods as appropriate. 

3. Provide recommendations for the application of realization rates and/or updated parameters for 

consideration as part of the next TRM update.  

4. Provide an advisory assessment of the baseline and lifetime of the measures. 

 
1 http://ma-eeac.org/wordpress/wp-content/uploads/2019-2021-Three-Year-Energy-Efficiency-Plan-April-2018.pdf page 63-64 

2 In the BCR for Turnkey, all measures under the HVAC end use (EMS, HVAC-custom, retro-commissioning, and programmable thermostats) appear 

appropriate for result application.  Refrigeration is the end-use and measure in the BCR for turnkey.   
3 Final Report Impact Evaluation of PY2016 Massachusetts Commercial & Industrial Small Business Initiative: Phase I Massachusetts Program 

Administrators and Energy Efficiency Advisory Council, NV GL and ERS, June 7, 2018 
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2.2 Organization of report 

The remainder of this report is organized as follows:  

Section 3: Methodology and approach 

Section 4: Data sources 

Section 5: Analysis and results 

Section 6: Conclusions, recommendations, and considerations 

Section 7: References 

APPENDIX A: Application of realization rates by BCR 

APPENDIX B: Refrigeration and automated control methods 

APPENDIX C: Site Reports (under separate cover) 
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3 METHODOLOGY AND APPROACH 

This section describes the methodologies that DNV GL used to guide data collection and analysis for this 

impact study.  Primary tasks and their associated subtasks are presented below in Figure 3-1.  The key 

phases of the evaluation effort included development of sample plans, project documentation review, data 

collection, and final site reports.  This was followed by an end use and program level savings final analysis.  

The flow of the evaluation effort was generally sequential in nature, proceeding from left to right as depicted 

in Figure 3-1.  Each stage in the figure is presented with more detail in following subsections. 

Figure 3-1. Flow of key evaluation methods 

 

3.1 Sample design and selection 

The DNV GL team developed a small business program sample frame (population) from 2017 participation 

data and summarized and reviewed this data with the PAs and EEAC Consultants.  The group decided to 

focus this study on HVAC and refrigeration measures, and to not study “other” measures that included: 

 Measures already categorized as “other” in the tracking system 

 Motor/drive measures in non-HVAC applications 

 Hot water measures  

HVAC and refrigeration measure types are the focus of this study because they are likely to see increased 

savings as lighting activity decreases in the new turnkey pathway.  In addition, because these measures 

have not been evaluated for many years, it will be beneficial to update their increasingly outdated savings 

assumptions in the TRM.  

Table 3-1 presents activity in these three measure categories including the number of accounts where they 

were installed.  Refinement of the tracking categorizations included the movement of all motor/drive 

measures into the HVAC and refrigeration categories when installed as part of either system type.  Note that 

the totals exceed the sum of the individual measure types as some sites have multiple measure types 

installed.  
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Table 3-1. Summary of 2017 Small Business Initiative tracking data by measure type 

Measure 

type n 

Energy Summer peak Winter peak 

kWh % kW % kW % 

Refrigeration 320 3,895,522 40.9% 345.3 52.1% 346.7 58.7% 

HVAC 179 3,480,940 36.6% 266.7 40.2% 204.2 34.5% 

Other  223 2,136,876 22.5% 50.6 7.6% 40.2 6.8% 

Total 636 9,513,338 100.0% 662.6 100.0% 591.0 100.0% 

Table 3-2 shows the overall final study sample design.  We used model-based statistical sampling (MBSS) 

techniques to develop the sample design for HVAC and refrigeration.  We used an error ratio of 0.6 to 

develop this design.  This parameter was guided by a review of similar studies and measures of this nature 

and evaluator and PA experience.  The sample unit in this design is defined as all HVAC or all refrigeration 

measures installed at an account number.  This design targets roughly ±20% precision at the 80% level of 

confidence for energy savings for HVAC and refrigeration individually, and approximately ±14% overall at 

the 90% confidence interval.  

Table 3-2. Overall study sample design 

Measure type Accounts 

Savings 

(kWh) Sample 

Expected 

precision 

HVAC 179  3,480,940  16 ±19.6% 

Refrigeration 320  3,895,522  14 ±20.8% 

Total 499  7,376,462  30 ±14.3% 

Table 3-3 presents the final sample design for HVAC and refrigeration.  The first column shows the stratum 

number while the second column shows the maximum site-level savings in each.  The third and fourth 

columns show the number of sites and total savings in each stratum, respectively.  The sample size in each 

stratum is presented in column 5.  The case weights in the final column reflect the weights used to derive 

the final savings estimates from the sample.  The final sample in this study includes 16 HVAC and 14 

refrigeration sites.  The variation in reported savings by site helps contribute to an efficient sample design.  

This design achieves its efficiency with visits to 6% of the sites (30 out of 499) that represent nearly 12% of 

the annual energy savings (910,343 kWh out of 7,736,462 kWh).  
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Table 3-3. Sample design by measure type 

Stratum 

Maximum 

savings 

(kWh) 

Accounts 

(N) 

Stratum 

savings total 

(kWh) 

Sample 

(n) 

Weight 

(N/n) 

HVAC 

1 19,200 85 561,982 4 21.3 

2 19,700 33 649,600 3 11.0 

3 26,005 31 647,388 3 10.3 

4 46,942 21 718,075 3 7.0 

5 194,908 9 903,895 3 3.0 

Total 16  

Refrigeration 

1 6,957 163 559,500 3 54.3 

2 13,117 73 680,592 3 24.3 

3 23,660 43 767,208 3 14.3 

4 42,695 26 844,481 2 13.0 

5 141,341 15 1,043,741 3 5.0 

Total 14  

One item to note is that 7 participants in the final HVAC sample were nearly identical measures installed in a 

series of coffee shop franchises.  We refer to these sites as “franchises”.  We estimate there were 85 such 

sites in the population.  The measures installed at these sites were packages that included a base series of 

appliance controls and one or more controlled roof top units.  These participants were all from the same 

program administrator.  Not all administrators treat these franchise sites through small business/turnkey as 

some channel them through their custom program.  The implications of this on the application of results by 

program administrator are discussed later in this report.  

The original sample design for this study targeted 15 sites in the refrigeration sample within the project 

timeline.  Due to very difficult recruitment, 14 sites were successfully placed in the final sample.  The final 

response and refusal rates experienced are provided in Table 3-4 below.  Examining final dispositions of a 

sample in this way can help assess whether it might have non-response error and why.  The response rate 

calculated in the table below includes all customers that were in business and refused the on-site or were in 

business and were unable to be reached (non-contact).  In developing this table, we have remained 

consistent with American Association for Public Opinion Research (AAPOR) definitions and calculation of Response 

and Refusal Rates.4 Given the nature of small businesses, which tend to have less time for the requested on-

site activities and lack the dedicated staff of larger businesses to oversee them, a 21% refusal rate seems 

reasonable. The observed response rate of 43% is lower than we might expect but is reasonable given the 

nature of small businesses.  Further discussion of these response rates and potential bias are discussed 

below.  

 
4 https://www.aapor.org/Standards-Ethics/Standard-Definitions-(1).aspx 
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Table 3-4. Final on-site recruitment response and refusal rates5 

Disposition description 

Number/ 

rate 

Complete 30 

Refused – In business 15 

Non-contact - In business 22 

Other – Eligible 2 

Unknown Eligibility 1 

Total Contacts 70 

Response Rate 1 42.9% 

Refusal Rate 1 21.4% 

 

The response rate can be an indicator of potential bias associated with sample-specific estimates of 

population parameters.  We cite it as an indicator since an assessment of the extent of bias due to non-

response really rests upon any differences there might be between those customers that allowed the visit 

and those that we were unsuccessfully able to schedule.  Since the recruitment was performed on small 

businesses with specific measure types (e.g., refrigeration, HVAC), we might expect the greatest risk of bias 

in this study to be a sample of non-contacts due to business closings, within small business as a whole 

and/or within small business segments with presence of the measures of interest (i.e., convenience stores, 

liquor stores, offices, small service companies).  

We examined all non-contacts in our sample and all but one appear to be instances in which the business 

was present (e.g., we left messages that were not responded to, no one picked up the phone, or we spoke 

with someone who passed us on to another individual). For the one whose status we could not confirm 

whether it was in business, the vendor confirmed installation but noted that the company had gone out of 

business or may be in business with a new owner.  As all but one non-contact was found to be in business, 

we do not believe that the response and refusal rates experienced in this study led to bias in the closed 

business element of the M&V results.  

3.2 Review project documents and draft M&V plans 

Prior to data collection, the DNV GL team acquired detailed files for the sampled sites from program vendors 

and PAs.  The site engineers reviewed the project paperwork and conducted an initial assessment of the 

types and scope of measures installed.  Using this project file information, project engineers performed 

preliminary recruitment to customer site contacts.  During this initial outreach, the engineers discussed the 

purpose of the outreach, the scope of measures installed, the availability of on-site trend/SCADA/production 

data, and any other applicable parameters relevant to the evaluation.  They also confirmed that the site 

would allow the visit.  The M&V planning effort did not commence until the customer site contact indicated 

they would accommodate the on-site evaluation process.  As noted earlier, backup site selection was needed 

to replace sites that presented significant barriers to the visit, that refused a visit, or that did not respond to 

recruitment efforts.  

DNV GL developed detailed site-specific M&V plans for all sites that went through the initial file review 

process and received preliminary approval for the M&V visit.  We submitted these plans to the PAs and EEAC 

Consultants for comment.  Each site plan included the following sections: 

Project description – A description of project type and measures implemented, along with how the project saves energy 

 
5 Among the “complete” sites are three sites that were observed to be out of business at the time of our visit.  
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Tracking savings – A short description of how the tracking savings were originally estimated and their source, including: 

– Analysis method used 

– Key baseline assumptions  

– Key proposed assumptions 

– Evaluator assessment of tracking savings methods or assumptions 

Project evaluation – A short description of the methods to be used to evaluate the project, including but not limited to: 

– How measure installation and current operation would be verified 

– How building use and occupancy would be observed and/or assessed 

– Identification of the tracking and expected evaluator baseline by measure 

– The data to be collected by the DNV GL team, including any meter sampling planned within a site  

– Site staff interview questions 

– Any data determined to be available and expected to be provided by the site (e.g., EMS trends, 

production, pre-metering, etc.)  

– The expected evaluation analysis method to be used.  In general, DNV GL expected that the same 

methodology used to estimate tracking savings would be used to estimate evaluated savings.  

– Key parameters to be determined through the evaluation and compared to those used in the original 

savings estimate 

Data collection was performed using a variety of methods, including physical inspection and inventory, spot 

power measurements, interview with facility personnel, observation of site operating conditions and 

equipment, short-term metering of power usage and equipment operation or other variables (such as 

temperature) that affect usage or runtime, and as EMS trend data. Senior engineers reviewed the first 

several M&V plans for each measure type (refrigeration and HVAC) prior to their submission.  

3.3 Data collection 

The DNV GL team contacted customers for on-site recruitment upon finalizing M&V plans.  As discussed 

earlier (Section 3.1), recruitment was particularly difficult in this study.  At each successfully recruited site, 

engineers performed data collection and meter deployment as guided by the M&V plan.  In general, each 

site visit consisted of the verification of installed equipment, a discussion with facility personnel regarding 

the baseline (e.g., pre-existing) characteristics of the measure, the installation of measurement equipment, 

and the collection of available trend data and/or the creation of a plan to gather trend data coinciding with 

the measurement period. All metering equipment installations and removals from electric panels, disconnect 

boxes, or other dedicated equipment circuits were performed by licensed electricians.  

Site visits were scheduled to acquire metering data for a range of temperatures for HVAC and other 

equipment that are temperature dependent.  For example, cooling HVAC equipment was examined and 

metered in the summer months with some shoulder month activity; some monitoring was extended into 

early winter to gather heating season use.  Metering duration was no less than 6 weeks with most metering 

deployed for more than 8 weeks.  

Figure 3-2 presents the number of sites with HVAC and refrigeration metering installed by month.  We 

metered 15 HVAC sites and 11 refrigeration sites.  The HVAC site metering occurred to capture summer 

and/or winter metering to the extent possible to capture performance of equipment during the appropriate 
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season.  Due to its less seasonal nature, refrigeration had between 4-6 sites with meters installed during 

any given month of the study, with removals and installations occurring throughout.  

Figure 3-2. Sites metered by month by measure type 

 

The majority of the refrigeration measures included evaporator fan motor replacements with electrically 

commutated (EC) motors and refrigeration controllers.  Trend data was enabled and available for download 

for many (but not all) of the sites since the time of installation in 2017.  The DNV GL team spoke with the 

vendors to obtain instructions and conversion software to process the trend data into usable formats.  The 

trend data typically contained temperature and runtime data for the equipment being controlled including 

condensing units, evaporator fans, anti-condensate heaters, and electric defrost heaters.  The team installed 

metering at all sites regardless of the availability of trend data.  Meter data was used as the first choice for 

calibrating model inputs, followed by trend data.  If we had both metered data and trend data for a single 

piece of equipment, our analysis was based on the metered data.  If we only had trend data, we used that 

data for the model calibration.  The site reports provided as an appendix to this report under separate cover 

provide detail on when this data was available, and how this analysis was performed.  

There were appliance control measures installed at a series of coffee chain businesses in the HVAC sample.  

In addition to deploying our own meters and performing spot power measurements, circuit-level trend data 

was acquired for these sites.  Specifically, EMS data was downloaded to obtain hourly consumption data for 

each controlled appliance and RTU for the most recent year, and hourly data for the first few weeks the 

system was installed.  This data was also gathered for the pilot program in which these measures were 

initially vetted as a program offering.  The pilot program data included periods of performance before control 

use, which served as the basis of baseline profiles developed for each applicable equipment type.  More 

information on the baseline profiles established and the use of the EMS data, where applicable, is contained 

in each site report.  

3.3.1 Metering equipment used 

This study used the metering devices itemized below.  The combinations of monitoring equipment used and 

the manner in which they were deployed for this study in the determination of demand reduction and 

coincidence complies with the requirements of the ISO-New England Manual for Measurement and 
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Verification of Demand Resources (M-MVDR §10.2).  Each metering device used in this study receives 

routine battery checks and synchronization performed before being deployed and has documentation noting 

when, where, and for what duration each was installed.  

Elite Pro power loggers that monitor voltage, amperage, power factor, and kW over the monitoring 

period.  The monitoring frequency was every 15 minutes over the monitoring period.  Elite power loggers 

were installed primarily on variable load HVAC motors, pumps, and related equipment. 

gauge Core power meters that monitor voltage, amperage, power factor, and kW over the monitoring 

period.  The monitoring frequency was typically 5-minute integrated intervals over the monitoring period.  

gauge Core power meters were installed as a first choice when physical electric cabinet space was available 

for evaporator fans, condensing units, defrost heaters, and door heaters. 

Hobo amperage loggers that monitor amperage only over the monitoring period.  The monitoring 

frequency was typically 5-minute integrated intervals over the monitoring period.  Hobo UX-120 or H22k 

loggers were installed as a backup option when the electrical cabinet space was insufficient for gauge Core 

or ELITE power meters. 

Yokogawa CW500/Amprobe-220 power meters that monitor voltage, amperage, power factor, and kW 

during a short period during the site visits.  The monitoring frequency was typically 1-second intervals over 

the spot metering periods.  This meter data was used to measure power factor in situations where a gauge 

or Elite meter could not be installed. 

Some of the equipment being monitored had very small input power; for example, EC motors serving 

evaporator fans with 2-speed control was measured to operate as low as 3 watts.  In order to accurately 

measure input power in this range, current transducers in 1 amp and 5-amp sizes were deployed as 

necessary with the respective logging equipment shown above. 

3.4 Savings analysis 

There were 5 savings values calculated for each site in this study.  These include energy savings (kWh), 

summer and winter on-peak demand savings (kW), lifetime savings (kWh), and percentage of energy 

savings that occurs on peak.  The demand resource on peak summer hours included in the peak demand 

estimate are non-holiday weekdays from 1:00 p.m. to 5:00 p.m. in June, July, and August.  Winter on-peak 

hours are non-holiday weekdays from 5:00 p.m. to 7:00 p.m. in December and January.  The on-peak 

energy savings period was defined as 7:00 a.m. to 11:00 p.m., non-holiday weekdays, 12 months per year. 

The site-level annual energy savings calculations included all relevant information gathered during the file 

review and onsite visits discussed above (Sections 3.2 and 3.3). As part of reporting any changes in savings 

from the tracking system estimate, the team used adjustment factors consistently across the sample to 

identify the cause of savings changes.  These factors and their descriptions are provided in Figure 3-3 below.  

These savings adjustments include out-of-business observations, administrative efforts, measure screening-

related changes, and adjustments made based on on-site observations about the performance of installed 

equipment.  Each site report contains a table that shows the change in energy savings due to each factor.  
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Figure 3-3. Savings discrepancy factors 

 

This study included refrigeration and HVAC measures at various sites as well as automated control systems 

to manage appliances and other high consumption equipment at fast food franchise locations.  The HVAC 

measures were diverse in nature (thermostats, VFDs, etc.) and detailed analysis and discussions are 

included in each site report and are not summarized at a high level in this document.  

However, nearly all refrigeration measures were very similar in nature and were largely one or a 

combination of a small group of energy efficiency measures (i.e., EC motor retrofits for evaporator fans, 

cycling evaporator fan controls, anti-condensate heater controls, electric defrost controller).  Since the 

refrigeration and control system measure activity tracking methods and evaluation approach were similar 

within each group, we provide a detailed discussion of analysis methods for these measure groups in 

Appendix B in lieu of the repeated discussion in each of the site reports.  

3.4.1 Lifetime energy savings 

Starting with PY2019, the PAs will use dual baseline principles to calculate the lifetime savings for retrofit 

measures.  In preparation for this change, the team re-estimated lifetime savings for all retrofit measures 

by applying dual baselines methods and by using the effective useful life (EUL) specified in the TRM.  The 

purpose of this analysis was to advise PAs about the potential impact dual baseline practices on lifetime 

savings.  We want to emphasize that the PY2017 tracking savings were not required or designed to include 

dual baseline methods or lifetime savings.  

Gross lifetime savings were calculated for all early retirement and add-on measures using dual baseline 

methods when appropriate.  Evaluation of baselines did not show any evidence that baselines needed to be 

changed from retrofit to new construction, suggesting the PAs are using the appropriate event type when 

estimating tracking savings.  The DNV GL team applied baseline event types from the baseline framework6 

at the measure level to determine lifetime savings baselines.  Two events were observed in this study: 

 
6 Massachusetts Commercial/Industrial Baseline Framework, Massachusetts Program Administrators and Energy Efficiency Advisory Council 

Report No.: Final Report, Date: April 26, 2017 
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1. Measures installed in an add-on capacity to an existing system.  These are measures that improve the 

efficiency of an existing system but do not replace it.  Measures of this nature in this study included 

programmable thermostats, VFDs on HVAC pumps or fans, and refrigeration controls.  Considerations 

for the use of lifetime savings estimates include the EUL of the equipment being controlled.  If the EUL 

of the add-on measure is believed to be less than 2/3 of the RUL of the host equipment, it becomes a 

candidate for dual baseline consideration. However, despite being a candidate, if the measure is added 

to equipment that is not expected to be materially different from its current efficiency and condition, the 

second baseline is the same baseline as the first.  

2. Measures installed as early replacement with remaining useful life consideration.  These are measures 

that replace a fully operational system with a remaining life; the baseline efficiency for the system is 

certain to be different at the time of early replacement than it would be at the end of the remaining life.  

Measures of this nature included refrigeration EC motor retrofits that are required by code for new 

construction and therefore qualify for a dual baseline lifetime savings estimate.  

When a dual baseline was appropriate, we followed the default approach consistent with the evaluation 

baseline framework7.  This approach calculates the first portion of the dual savings by multiplying the first-

year savings by 1/3 of the estimated useful life (EUL).  The second portion is calculated by multiplying the 

first year of savings by 0.9 and 2/3 of the EUL.  The sum of these two elements are the full lifetime savings 

estimate.  

Two sample sites were observed to be out of business within a year of participation (one HVAC, one 

refrigeration).  In these cases, no annual, peak, or lifetime savings were credited.  A third site (refrigeration) 

went out of business more than a year after participation.  In this case, half of the annual savings were 

credited.  Normally, when a site is open beyond a year, a year of savings is credited across the measure 

lifetime.  In this instance it was decided to credit more savings for two primary reasons.  First, we believe 

there is high likelihood of use of the program refrigeration measure by future tenants due to the measure 

and building type.  This was a refrigeration site where the equipment was observed to be in the space as 

installed at the time of the attempted site visit.  Second, the building is a convenience store whose size, 

location, and layout make it highly likely that a new tenant will open another convenience store and reuse 

the new equipment.  There is precedence in previous evaluation work in Massachusetts for crediting partial 

savings when there is a compelling reason to believe that currently unused program-installed equipment is 

likely to be reused at some point.  

 
7 Massachusetts Commercial/Industrial Baseline Framework, Final Report, Date: April 26, 2017.  Massachusetts Program Administrators and Energy 

Efficiency Advisory Council. Section 4.4.3  
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4 DATA SOURCES 

We used data provided to DNV GL by the PAs in response to the 2017 Massachusetts tracking data request 

submitted on 6/5/2018 to compile the population and final sample frame in this study (see section 3.1). 

Although not always fully populated, the information used to develop the sample frame, selection process, 

recruitment effort, and data gathering included:  

 Account, custom, premise and meter IDs 

 Business name, contact, service and mail address, phone number and email address 

 Project number, program year, program, core initiative 

 End use, measure characteristics and description, BCR ID, quantities installed 

 Gross kWh, summer kW, winter kW, % energy saved on peak, lifetimes and lifetime savings. 

 Vendor name, address, contact 

As noted earlier, there were refrigeration sites and several HVAC sites that benefitted from vendor or 

participant-provided data.  This included interval data at the circuit and/or appliance level for many control 

measures.  It also included data gathered on refrigeration packages captured by installation vendors where 

available.  
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5 ANALYSIS AND RESULTS 

There are three subsections in this part of the report.  They are results for Refrigeration, HVAC, and 

combined refrigeration and HVAC (with and without franchises).  These sections include scatter plots, 

realization rates, and impact estimates with precisions where appropriate.  As part of this study, as noted in 

the sample section, it was observed that different program administrators placed coffee chain franchise 

participants (franchises) with identical measures, categorized as HVAC, through different programs.   The 

provision of separate refrigeration (Section 5.1) and HVAC (5.2) results helps to understand the 

performance of each group of measures.  Section 5.3 provides overall combined refrigeration and HVAC 

results with and without franchise sites.  This final result section provides two sets of results for application 

by administrator according to whether they channel franchise sites through small business/turnkey.  The 

figure below illustrates this approach, which also drives several of the final study recommendations.  Our 

understanding is that Eversource and Unitil treat these franchise sites in the Turnkey program while National 

Grid and Cape Light Compact treat them in the Custom Program.   

 

 

One item to note is that there were both prescriptive and custom sites in the sample of this study.  For this 

reason, realization rates are provided as the primary set of results for application.   Other studies of strictly 

prescriptive measures (e.g., lighting) have offered coincident and other savings factors for use in addition to 

realization rates.   Due to the inclusion of custom projects and the diversity of measures explored 

(programmable thermostats, VFDs, refrigeration controls, EMS systems, RTUs), it was decided that the 

primary result output would be realization rates.  This is consistent with how custom measure study outputs 

are provided in evaluations in Massachusetts and applied in the TRM.   

5.1 Refrigeration 

Table 5-1 summarizes the refrigeration results that are discussed in more detail in this section.  The annual 

energy savings realization rate is 89.7% with a precision of ±19.3% at the 90% confidence interval.  

Summer and winter realization rates are 90.0% and 89.1%, respectively.  For reasons related to the 

precision around the HVAC results discussed later, we do not ultimately recommend use of these 

refrigeration results.  Rather, as discussed above, we recommend the application of results at the combined 

refrigeration and HVAC level for administrators that treat franchise sites in the Turnkey/Small Business 

Program and the combined refrigeration and non-franchise HVAC level for administrators that do not treat 

franchise sites in the Turnkey/Small Business Program.  We provide these refrigeration results solely to 

reflect the performance of refrigeration as a measure group.   

Table 5-1.  Summary of refrigeration realization rates 

Factor 

Realization 

Rate Precision 

Energy Realization rate (kWh) 89.7% ±19.3% @90% Confidence Interval 

Administrator treats franchise 
sites through Turnkey

Applies realization rates from 
combined overall HVAC and 

refrigeration results

Administrator does not treat  
franchise sites through Turnkey

Applies realization rates from 
combined overall non-franchise

HVAC and refrigeration results
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Summer peak kW 90.0% ±40.2% @80% Confidence Interval 

Winter peak kW 89.1% ±37.5% @80% Confidence Interval 

Figure 5-1 shows the relationship between the tracking estimates of energy savings and the evaluated 

estimates of energy savings in the refrigeration sample (14 sites).  Each site in this sample has a site report 

provided under separate cover.  Combined with the methods discussed earlier, the site reports provide 

information on the site work performed, metering deployed, and the methods and results of the completed 

re-engineering analysis.  

The diagonal line is a reference line that shows where each sample point would have plotted if the tracking 

estimates had been 100% correct.  The variance among the sample is reasonable, with many of them 

slightly higher or lower than the 1:1 reference line.  One site in the refrigeration sample was observed to not 

be in business and has zero savings on the x-axis.  The rightmost data point is a site that experienced an 

evaluated savings estimate of 44,906 kWh compared to a tracking estimate of 82,841 kWh (a 46% 

decrease).  

Figure 5-1. Refrigeration annual energy results scatterplot 

 

Table 5-2 provides the key refrigeration energy impact results of this study.  The top row reflects the 

tracked savings in the sample frame for this measure (3,895,522 kWh).  The next 5 rows present the 

impacts after accounting for each adjustment factor.  Row 2 shows that the evaluated savings after 

adjusting for closed businesses dropped 377,267 kWh and produced a new realization rate through that 

adjustment of 90.3%.  Row 3 shows that the savings went up 333,687 kWh after adjusting for 

administrative errors observed in the sample, producing a new realization rate through that adjustment of 

98.9%.  The final realization rate is shown in the performance adjustment row (the final adjustment made), 

which shows a final evaluated gross savings estimate of 3,495,779 kWh and a realization rate of 89.7% at 

±19.3% at the 90% confidence interval.  We estimate 39.6% of this energy savings happens during on peak 

energy periods.   

The closed business adjustment is due to the closure of one business that did not receive savings credit, as 

observed in the point in the scatterplot that rests on the X-axis (zero line) in Figure 5-1. The decrease in 

savings due to performance adjustments is predominantly driven by a large site where many refrigeration 



 

DNV GL – www.dnvgl.com  March 20, 2020 Page 22 

 

controls were found to be either operating in bypass mode or fully shut down.  The increase due to 

administration adjustments is predominantly driven by a sample site that had only 1 of 10 vending misers 

accounted for in the tracking estimate of savings.  The evaluation credited the site with savings for 5 

vending misers that were found to be installed. 

Table 5-2. Refrigeration annual energy result summary 

Adjustment Savings (kWh) Change (kWh) 

Realization 

rate 

Tracking savings  3,895,522  N/A N/A 

Closed business adjustment  3,518,255  -377,267 90.3% 

Administrative adjustment  3,851,943  333,687 98.9% 

Measure screening adjustment  3,814,228  -37,715 97.9% 

Inspection adjustment  3,814,228  0 97.9% 

Performance adjustment  3,495,779  -318,449 89.7% 

Precision at 90% confidence ±19.3% 

Achieved Error Ratio 0.53 

One item to note about the refrigeration results is that they incorporate a factor from the NEEP refrigeration 

study8 that estimates baseline shaded pole motor power when only EC motor power is measured.  This 

adjustment factor, as discussed in the methods section, causes an estimated 2-3% decrease in savings from 

tracking for ECM motors.  In Section 6 of this report, we recommend that the NEEP EC motor power 

reduction factor be incorporated into the Massachusetts TRM.  To provide an appropriate prospective 

realization rate for inclusion of this new item in the TRM, the DNV GL team also calculated site level energy 

impacts without this factor.  This realization rate is 90.1% at ±23.8% at the 90% confidence interval and is 

recommended for incorporation into a prospective realization rate.  When combined with new impacts 

derived from the revised TRM, the incorporation of this realization rate will properly estimate gross 

refrigeration impacts.  

Figure 5-2 and Figure 5-3 show the relationship between the tracking and evaluated estimates of summer 

and winter peak demand savings in the refrigeration sample.  The key trend of note is that peak demand 

savings are not being consistently estimated for refrigeration measures.  The summer and winter peak 

demand tracking estimates provided were either zero or blank for 2 sampled sites.  

Figure 5-2.  Refrigeration summer peak kW 

results scatterplot  

 
 

8 https://neep.org/commercial-refrigeration-loadshape-report-10-2015-0 

Figure 5-3.  Refrigeration winter peak kW 

results scatterplot  
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Table 5-3 presents the refrigeration summer and winter peak demand savings results.  The realization rates 

are 90% for summer and 89% for winter.  Despite the two sites that had evaluated peak demand impacts 

where the tracking system had not credited any, the realization rate is still below 100%.  This is due to the 

large influence of the rightmost site in the scatterplot above.  This site had a tracking estimate that was 

roughly 4 times higher than the evaluated peak savings estimates.  The high precision rates are driven 

largely by the variance produced due to the sites that have little or no tracked demand impacts but are 

credited savings in the evaluation.  This makes the future application of the realization rate partly dependent 

on a similar rate of summer and winter peak demand tracking entries in the tracking system. 

Table 5-3.  Refrigeration summer and winter peak savings results 

Result 

Summer 

peak (kW) 

Winter 

peak (kW) 

Tracking Savings  345.3   346.7  

Evaluated Savings  310.7   309.0  

Realization Rate 90.0% 89.1% 

Relative Precision @80% ±40.2% ±37.5% 

Table 5-4 presents the overall lifetime results and factors that influenced the lifetime savings realization 

rate.  All refrigeration sites in the sample had lifetime savings estimates.  The order of the adjustments does 

impact these results; we believe presenting the results in this order of changes made the most sense as the 

pattern of any divergence was likely to be primarily driven by annual savings changes followed by lifetime 

changes and finally the impact of the dual baseline.    Each row shows the savings result and realization rate 

after making each adjustment.  The overall lifetime evaluated savings realization rate is estimated to be 

83.3%.   

The impact of the annual estimate of savings on the lifetime savings caused a 12% decrease in energy 

savings.   Changes in measure lives between the tracking and evaluated values drove a minor decrease in 

savings.  This suggests that for these measures, the measure lives used are generally appropriate and 

consistent with the TRM.  The use of a dual baseline reduced savings by approximately 1.7%.  

Table 5-4.  Refrigeration lifetime savings results 

Impact 

Realization 

Rate (%) 

Impact 

(kWh) 

Tracked lifetime savings estimates N/A  42,057,141  

First year savings impact 87.7%  36,868,371  

Measure life update impact 85.0%  35,762,627  

Single to dual baseline classification impact 83.3%  35,043,907  

Relative Precision @90% ±19.4% 

5.2 HVAC 

Table 5-5 summarizes the HVAC results that are discussed in more detail in this section.  Despite the near 

100% realization rate, the precision around the energy savings is poor with a precision of ±36.7% at the 

90% confidence interval.  This realization rate includes franchise sites in the HVAC sample, which makes 

them only appropriate for application consideration by administrators that treat franchise sites in the 
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Turnkey Program.  Unfortunately, however, the low precision makes the result ineligible for application on 

its own.   

As a result, as discussed in the refrigeration section, we later recommend the application of results at the 

combined refrigeration and HVAC level for administrators that treat franchise sites in the Turnkey/Small 

Business Program and the combined refrigeration and non-franchise HVAC level for administrators that do 

not treat franchise sites in the Turnkey/Small Business Program.  We provide these HVAC results to 

understand their performance as a whole and for the franchise versus non-franchise subsets.   

Table 5-5.  Summary of HVAC Realization Rates 

Factor 
Realization 

Rates Precision 

Energy Realization rate (kWh) 100.2% ±36.7% @90% Confidence Interval 

Summer peak kW 173.6% ±49.8% @80% Confidence Interval 

Winter peak kW 229.8% ±56.1% @80% Confidence Interval 

Figure 5-4 shows the relationship between the tracking and evaluated estimates of energy savings in the 

HVAC sample (16 sites).  Like the refrigeration sites, each site in this sample has a site report provided 

under separate cover that reviews the derivation of its tracking estimate, the site work performed, metering 

deployed, and the methods and results of the completed re-engineering analysis.  

Like the refrigeration results earlier, Figure 5-4 includes a diagonal reference line that shows where each 

sample point would have plotted if the tracking estimates had been 100% correct.  We provide a blowout of 

the scatterplot for those sites below 50,000 kWh in tracking savings to illustrate the performance of the 

earlier referenced coffee franchise sites.  The variance among the sample relative to the 1:1 reference line is 

fairly tight for sites above the 50,000-tracking kWh threshold.  

In the closer view of those sites with less than 50,000 tracking kWh, most of the franchise sites are seen in 

the vertical cluster at the 20,000-kWh mark on the x-axis with an additional one around 31,000 kWh.   Due 

to the common measures, tracking estimates, evaluation methods, and prevalence in this sample the 

impacts for these sites are presented as part of the overall HVAC results as well as on their own.  

There is one site in the HVAC sample that was observed to not be in business and has zero savings on the x-

axis.  Another site that is near zero was a programmable thermostat setback measure observed to be 

consistently in override mode.   The series of coffee franchise sites consistently performed less than 

estimated in tracking.  This was generally due to overrides in the appliance controls that caused them to 

operate similar to baseline.   
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Figure 5-4.  HVAC annual energy results scatterplot 

 

Table 5-6 provides the key HVAC energy impact results of this study.  The top row reflects the tracked 

savings in the sample frame for this measure (3,480,940 kWh).  The next 5 rows present the impacts after 

accounting for each adjustment factor.  Row 2 shows that the evaluated savings after adjusting for closed 

businesses dropped 97,892 kWh and produced a new realization rate through that adjustment of 97.2%.  

Row 3 shows that the savings went up 207,102 kWh after adjusting for administrative errors observed in the 

sample, producing a new realization rate through that adjustment of 103.1%.  The final realization rate is 

shown in the performance adjustment row (the final adjustment made), which presents a final evaluated 

gross savings estimate of 3,487,327 kWh and a realization rate of 100.2% ±36.7% at the 90% Confidence 

Interval.  As noted earlier, this is a poor precision for energy savings.  We estimate approximately 45.6% of 

this energy savings happens during on peak energy periods.  

The closed business adjustment is due to the closure of one business that did not receive savings credit, as 

observed in the point in the scatterplot that rests on the x-axis (zero line) in Figure 5-4. The increase in 

savings due to administrative errors is largely due to one site that had transcription errors related to entry 

of the tracking value and transposed TRM values.  Most of the decrease in the performance factor stems 

from the low performance of the coffee franchise sites discussed earlier (the clustered sites around the 

20,000 mark in Figure 5-4).   
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Table 5-6. HVAC annual energy result summary 

Adjustment Savings (kWh) Change (kWh) 

Realization 

rate 

Tracking savings  3,480,940  N/A N/A 

Closed business adjustment  3,383,048  -97,892 97.2% 

Administrative adjustment  3,590,150  207,102 103.1% 

Measure screening adjustment  3,505,790  -84,360 100.7% 

Inspection adjustment  3,532,982  27,193 101.5% 

Performance adjustment  3,487,327  -45,656 100.2% 

Precision at 90% confidence ±36.7% 

Achieved Error Ratio 1.13 

This study further examined the HVAC annual energy savings realization rates for franchise vs non-

franchise, as described in the bullets below:  

• The collection of franchise sites consistently performed below their tracking system estimates, 

resulting in a realization rate of 43.3% for them as a group with a precision of ±24% at the 90% 

confidence interval.   

• Conversely, the non-franchise sites performed very well overall with a realization rate of 142.3%, 

although it has a poorer precision of ±37.8% at the 90% confidence interval.  Despite having some 

sites that did not perform well compared to tracking, there were four non-franchise sites that 

performed above 100% of their tracking estimate.  One of these sites was the primary driver of the 

elevated realization rate, having achieved over 3.5 times more due to better measure performance 

than assumed in the tracking system.   

The divergence in realization rates for franchise vs non-franchise results indicates the need for special 

handling in the application of results both prospectively and retrospectively, particularly since not all 

administrators treat franchise sites in the Turnkey Program.   

Figure 5-5 and  Figure 5-6 show the relationship between the tracking and evaluated estimates of summer 

and winter peak demand savings in the HVAC sample.  The key trend of note is that 10 of the 16 sampled 

HVAC sites did not claim summer or winter peak demand savings that should have according to the TRM.  

This includes all 7 coffee franchise sites.  The number of sites with no tracked peak demand impacts are in 

the collection of sites on the zero mark on the X-axis.  Most of those sites did have evaluated savings as 

evidenced by their placement on the Y-axis.    
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Figure 5-5.  HVAC summer peak kW results 

scatterplot  

 

 

Figure 5-6.  HVAC winter peak kW results 

scatterplot  

 

Table 5-7 presents the HVAC summer and winter peak demand savings results.  The realization rates are 

174% for summer and 230% for winter due to the number of sample points that had no peak demand 

impacts credited in the tracking system that received evaluated impacts.  This movement in peak demand 

savings also contributed to the high precisions observed in the results.  Given the low rate of populated 

summer and winter tracking estimates, these realization rates are not appropriate for prospective 

application.  

Table 5-7.  HVAC summer and winter peak savings results 

Result 

Summer 

Peak (kW) 

Winter 

Peak (kW) 

Tracking Savings  266.7   204.2  

Evaluated Savings  462.9   469.2  

Realization Rate 173.6% 229.8% 

Relative Precision @80% 49.8% 56.1% 

HVAC lifetime estimates were not consistently populated in the tracking data.  Roughly 52% of sites with 

annual HVAC savings in the population did not have lifetime savings estimates.  The lifetimes missing in the 

sample were six donut franchise sites.  The results in Table 5-8 presents the factors that influenced the 

lifetime savings differences.  The first-year savings impact result includes the impact of the missing lifetime 

estimates in the tracking system.  Due to the effect of many sample sites going from no lifetime tracked 

savings to credited evaluated lifetime savings, the realization rates are very high with an overall realization 

rate of 209%.  Four of the HVAC sites had a change in baseline from 10 years to 13 or 15, which caused a 

meaningful change in the measure life update impact row.  The dual baseline only marginally impacted the 

overall realization rate.   

Table 5-8.  HVAC lifetime savings results 

Impact 

Realization 

Rate (%) 

Impact 

(kWh) 

Tracked lifetime savings estimates N/A  15,827,191  

First year savings impact 160.9%  25,467,461  

Measure life update impact 211.3%  33,450,311  
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Single to dual baseline classification impact 209.3%  33,129,590  

Relative Precision @90% ±36.5% 

As noted earlier, the missing lifetime estimates in the sample were franchise sites.  A couple of other 

franchise sites in the population did have lifetime savings estimates that were found to be consistent with 

TRM lifetimes estimates for retrofit EMS measures.  We used this lifetime to estimate the lifetime savings for 

the franchise sites in the sample.  This offers an estimated realization rate had the sample been fully 

populated with lifetime savings.  As shown in Table 5-9, the final realization rate based on the post-

population of lifetimes for the franchise sites in the sample is 135.6%, driven primarily by updates to the 

measure lifetimes.   

Table 5-9.  HVAC lifetime savings results with proxy lifetimes 

Impact 

Realization 

Rate (%) 

Impact 

(kWh) 

Tracked lifetime savings estimates N/A 15,827,191 

First year savings impact 104.2% 16,493,751 

Measure life update impact 136.9% 21,663,766 

Single to dual baseline classification impact 135.6% 21,456,054 

Relative Precision @90% ±40.3% 

5.3 Combined HVAC and refrigeration results with and without 

franchises 

As discussed earlier, the low precisions around the overall HVAC result (±37.8%) and non-franchise HVAC 

result (±36.7%) prevents their application.  To overcome this issue, two additional sets of results that 

combine the HVAC and refrigeration samples in two ways were developed for application.  These are:  

• An aggregated result that combines refrigeration and non-franchise HVAC sites for administrators 

that treat franchise sites in the Turnkey Program, and 

• An aggregated result that combines refrigeration and all HVAC for administrators that do not treat 

franchise sites in the Turnkey Program.   
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The refrigeration and non-franchise HVAC sites are aggregated in Table 5-10.   These results are appropriate 

for use by administrators that do not treat franchise sites through turnkey.  The top row reflects the tracked 

savings for the groups in each column while the second row shows the evaluated gross savings.  The 

aggregated refrigeration and non-franchise HVAC realization rate is 104.9% with a precision of ±19.1% at 

the 90% confidence interval.  The prospective realization rate to accompany the recommended refrigeration 

TRM update is calculated to be 105.2% with a precision of ±20.9% at the 90% confidence interval.  When 

combined prospectively with new impacts derived from the revised TRM, this realization rate will properly 

estimate the combined gross HVAC and refrigeration impacts for these PAs.  These energy and peak results 

are applied to HVAC and refrigeration measures alike.  Note that the peak demand realization rates are 

recommended for application retrospectively only later in this report, due to the impact of omitted tracking 

peak estimates discussed earlier. 

Table 5-10. Combined non-franchise HVAC and refrigeration energy results 

Result 

Annual Energy 

Savings (kWh) 

Summer Peak 

(kW) 

Winter Peak 

(kW) 

Tracking Savings  5,480,531   612   551  

Evaluated Gross Savings  5,751,339   576   647  

Realization Rate 104.9% 94.1% 117.4% 

Relative Precision  19.1%† 28.1%* 31.7%* 
† at the 90% confidence interval *at the 80% confidence interval 

A combined result with all refrigeration and HVAC sites is in Table 5-11.  These results are appropriate for 

use by administrators that treat franchise sites through turnkey.  The aggregated refrigeration and HVAC 

realization rate is 94.6% with a precision of ±20.6% at the 90% confidence interval.  The prospective 

realization rate to accompany the recommended refrigeration TRM update is calculated to be 94.8% with a 

precision of ±21.8% at the 90% confidence interval.  These energy and peak results are applied to HVAC 

and refrigeration measures alike.  Note that the peak demand realization rates are recommended for 

application retrospectively only later in this report, due to the impact of omitted tracking peak estimates 

discussed earlier.  

Table 5-11. Combined HVAC and refrigeration energy results 

Result 

Annual Energy 

Savings (kWh) 

Summer Peak 

(kW) 

Winter Peak 

(kW) 

Tracking Savings  7,376,462   612   551  

Evaluated Gross Savings  6,979,214   774   779  

Realization Rate 94.6% 126.5% 141.5% 

Relative Precision  ±20.6%† 33.9%* 37.0%* 
† at the 90% confidence interval *at the 80% confidence interval 
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6 CONCLUSIONS, RECOMMENDATIONS, AND CONSIDERATIONS 

Overall, the HVAC and refrigeration measures studied are performing well and delivering meaningful savings 

for participants and program administrators.  At the program level, the tracking estimates of annual energy 

impacts were observed to be reasonably accurate with realization rates of near 90% for both refrigeration 

and HVAC measures.  We do note that among the HVAC sample, the performance of franchise sites and 

non-franchise sites were very different from one another.  The divergent performance of these sites drove 

the need for a combined refrigeration and non-franchise HVAC set of results in addition to the individual 

refrigeration and HVAC results.  

Despite reasonable performance overall, there are areas for improvement in how Turnkey Program savings 

are being tracked and calculated.   Below we provide conclusions and recommendations that are intended to 

assist the program administrators in refining claimed savings estimates and to inform the application of 

study results moving forward.  A key item to note is that we provide different recommendations for 

administrators that serve franchise sites through turnkey versus those that do not.  To accommodate this, 

we provide results for all of refrigeration and HVAC together as well as a combined refrigeration and non-

franchise HVAC result.  These results are provided at this level of application because the poor precision 

around the non-franchise HVAC and overall HVAC annual energy savings results prevents them from being 

directly applied.   

We do note that it is likely that franchise sites with HVAC categorized measures may receive their own 

realization rate or deemed estimate at some point in the future.  Under these circumstances, it may be 

appropriate for all program administrators to have a result with good precision around the balance of HVAC 

measures left when franchise sites are removed.  Given this possibility, we include the idea of a small 

supplemental HVAC sample to boost the non-franchise HVAC results as a consideration.     

6.1 Conclusions 
1. The following table provides a summary of HVAC and refrigeration energy impacts estimated in this 

study.  Both HVAC and refrigeration measures have realization rates of around 90%.  Notably, within 

the HVAC results, the franchise sites had a realization rate of 43% and the non-franchise sites had a 

realization rate of 142%.  The refrigeration precision (±19.3%) at the 90% confidence interval is 

considerably better than HVAC (±36.7%). 

Results Refrigeration HVAC 

Tracked savings (kWh) 3,895,522 3,480,940 

Statewide evaluated savings (kWh) 3,495,779 3,487,327 

Realization rate 89.7% 100.2% 

Relative precision (90% CI) ±19.3% ±36.7% 

Major drivers 

Closed Business (-9.7%), 

Administrative Errors (+8.6%) 

Performance (-8.2%) 

Closed Business (-2.8%) 

Administrative Errors (+5.9%)

 

2. The following table provides a summary of peak demand impacts estimated in this study.  Refrigeration 

summer and winter peak impacts have realization rates of 90% and 89%, respectively.  HVAC 

realization rates are very high at 174% and 230% for summer and winter.  These are largely driven by 
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the tracking system not regularly capturing summer and winter peak estimates, although there were 

results in the refrigeration sample that caused a realization rate of under 100%. 

Results 

Refrigeration HVAC 

Summer Winter Summer Winter 

Tracked savings (kW)  345.3   346.7   266.7   204.2  

Statewide evaluated savings (kW)  310.7   309.0   462.9  469.2  

Realization rate 90.0% 89.1% 173.6% 229.8% 

Relative precision (80% CI) ±40.2% ±37.5% ±49.8% ±56.1% 

 

3. The following table provides a summary of combined refrigeration and non-franchise HVAC results and 

overall HVAC and refrigeration results.   Note that franchise sites did not have any tracking peak 

demand estimates; hence identical tracking estimates.  The realization rate around energy at the non-

franchise HVAC and refrigeration results is 104.9% while the overall combined HVAC and refrigeration 

results provide an annual energy realization rate of 94.6%.   

Results 

Energy 

(kWh) 

Summer 

(kW) 

Winter 

(kW) 

Combined Refrigeration and HVAC 

Tracked savings   7,376,462   612   551 

Statewide evaluated savings   6,979,214   774  779  

Realization rate 94.6% 126.5% 141.5% 

Relative precision  ±20.6%† 33.9%* 37.0%* 

Combined Refrigeration and non-franchise HVAC 

Tracked savings   5,480,531   612   551  

Statewide evaluated savings   5,751,339   576   647  

Realization rate 104.9% 94.1% 117.4% 

Relative precision  19.1%† 28.1%* 31.7%* 

† provided at the 90% confidence interval * Provided at the 80% confidence interval 

4. Summer and winter peak kW savings are not being fully populated in tracking estimates of small 

business projects, as evidenced by instances of either blank or zero savings in these categories among 

the samples examined.  This appears to be an issue among both HVAC and refrigeration measures, 

particularly among the franchise sites.  This suggests that the program is not receiving full credit for 

peak demand impacts generated through measure activity.  Peak demand savings are an important part 

of the resources generated in this program and feed a revenue stream through the ISO NE FCM market 

that supports program operations.  

5. Lifetime savings are similarly not tracked regularly.  Approximately 52% of HVAC sites in the population 

and 11% of refrigeration sites in the population had annual savings estimates without an accompanying 

lifetime estimate.  We found reasonably accurate use of lifetimes in the refrigeration sample and a 

handful of sites in the HVAC sample that required lifetime adjustments based on the TRM.   

6. The 2015 NEEP Commercial Refrigeration Loadshape Report contains the conclusion that EC motors use 

61% less power than shaded-pole motors, on average, compared to the MA TRM value of 65%.  The MA 
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TRM cites a 2007 study to support the 65% reduction.  The NEEP study is the more recent study and is 

based on a larger sample size of pre/post measurements, so the 61% reduction appears to be a better 

value to represent average power reductions for this measure type.  Please note, the NEEP study 

specifically recommends an adder of 157% for estimating SP motor power with EC motor power; 61% is 

the equivalent value for estimating EC motor power based on SP motor power.   

6.2 Recommendations  

1. For Eversource and Unitil, who serve franchise sites in the Turnkey Program, we recommend use of the 

prospective and retrospective realization rates provided in the first portion of the table below.  These 

rates include the influence of franchise sites.   For National Grid and Cape Light Compact, who do not 

serve franchise sites in the Turnkey Program, we recommend use of the bottom section of the table 

below that combines non-franchise HVAC and refrigeration results.  Appendix A contains more specific 

information on the application of realization rates by administrator and BCR code.  There are two key 

items to note regarding the application of these values.   

a. Application of the prospective energy savings realization rates are dependent on implementation of 

the recommended calculation change in the MA TRM regarding a new adjustment factor that reflects 

shaded pole motor power when only EC motor power is measured (recommended below).   

b. Due to missing tracking summer peak kW and winter peak kW estimates in both the HVAC and 

refrigeration samples influencing the realization rate around these results, we do not recommend a 

prospective realization rate for these items.  The concern is that such realization rates will not be 

appropriate for application when summer and winter values are fully populated (as recommended 

later in this section).  

Factor Retrospective Prospective 

Combined refrigeration and HVAC applied when franchise served in Turnkey (Eversource, Unitil) 

Energy Realization rate (kWh) 94.6% 94.8% 

Summer peak kW Realization Rate 126.5% N/A 

Winter peak kW Realization Rate 141.5% N/A 

Combined refrigeration and non-franchise HVAC applied when franchise not served in Turnkey 

(National Grid, Cape Light Compact) 

Energy Realization rate (kWh) 104.9% 105.2% 

Summer peak kW Realization Rate 94.1% N/A 

Winter peak kW Realization Rate 117.4% N/A 

2. DNV GL recommends revising the MA TRM to accommodate a demand reduction factor of 61% in its 

calculation when replacing shaded pole motors with ECM motors.    An analysis of the sample savings 

with and without this factor indicates the overall impact of using this this new approach will reduce 

savings only marginally given the level of application of results across both HVAC and refrigeration 

turnkey projects.   

3. DNV GL recommends the PAs work with program vendors to ensure that summer and winter peak 

demand estimates are fully populated in the tracking system when appropriate.  We recommend 

monthly or quarterly checks of the tracking system to ensure that this is happening and to follow up 

with vendors that are not adhering to this expectation.   
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6.3 Considerations 

The following are suggestions that the program administrators might consider as part of their ongoing 

efforts to improve program delivery and performance.  

1. The PAs should consider creating a query or flag in the tracking system that identifies when annual 

savings estimates are entered absent a lifetime estimate counterpart.   

2. The PAs largely applied appropriate lifetimes in their calculation of lifetime savings estimates, though 

there were some instances in the HVAC sample (primarily VFD) observed to not be TRM based.  The PAs 

should consider closer scrutiny of the applied lifetimes as this savings output becomes increasingly 

important.   

3. The PAs should consider establishing a clear expectation with vendors that they will store all 

documentation needed to support savings claims and provide those documents upon request.  During 

the course of this evaluation it was noted that supporting documentation was not always readily 

available and provided as part of understanding program activity and tracked savings values.  

4. The PAs should consider supplementing the non-franchise HVAC sample in the interest of developing a 

better precision around these results.  It is likely that franchise sites with HVAC categorized measures 

may receive their own realization rate or deemed estimate.  Under these circumstances, it may be 

appropriate for all program administrators to have a result of good precision for application to the 

balance of HVAC measures.     

5. It was very difficult to recruit businesses for this study.  The PAs should consider offering incentives or 

some value from the study to customers who agree to participate in future evaluations of this program.   



 

DNV GL – www.dnvgl.com  March 20, 2020 Page 34 

 

7 REFERENCES 

1. Massachusetts Joint Statewide Electric and Gas Three-Year Energy Efficiency Plan 2019–2021, April 

30, 2018.  Berkshire Gas, Blackstone Gas Company, Cape Light Compact, Columbia Gas, 

Eversource, Liberty Utilities, National Grid, Unitil 

2. Massachusetts Technical Reference Manual for Estimating Savings from Energy Efficiency Measures 

2019-2021 - Plan Version, October 2018.  Berkshire Gas, Blackstone Gas Company, Cape Light 

Compact, Columbia Gas, Eversource, Liberty Utilities, National Grid, Unitil 

3. Commercial Refrigeration Loadshape Project.  October 2015. Northeast Energy Efficiency 

Partnership, 

4. Massachusetts Commercial/Industrial Baseline Framework, Final Report, Date: April 26, 2017. 

Massachusetts Program Administrators and Energy Efficiency Advisory Council. 

 

 

 

 

  



 

DNV GL – www.dnvgl.com  March 20, 2020 Page A-1

 

 APPLICATION OF REALIZATION RATES BY BCR 

The tables below show the BCR codes in use for the small business program in 2017 that were included in 

the population studied in this evaluation.  These codes may have changed since this time and may require 

mapping to newer codes by the administrators.  The first table provides retrospective realization rates while 

the second provides prospective realization rates.  Recall, we are not providing prospective realization rates 

for peak demand impacts but are recommending systems be put in place to ensure better population of 

these estimates in the tracking system.  It is also important to note that use of the prospective realization 

rates should be coordinated with implementation of the recommended change in ECM motor savings 

calculation methods.  

Retrospective realization rates by administrator and BCR code 

BCR 

Measure ID 
  
End Use 

Eversource and Unitil National Grid and CLC 
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E16C2b24 HVAC  94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b10 HVAC  94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b05 Motors & Drives 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b27 Motors & Drives 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b31 Motors & Drives 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b06 Process 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b07 Refrigeration 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b11 Refrigeration 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b12 Refrigeration 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b13 Refrigeration 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b14 Refrigeration 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b15 Refrigeration 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b16 Refrigeration 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b17 Refrigeration 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b30 Refrigeration 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b28 Refrigeration 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 

E16C2b08 Custom Measures 94.6% 141.5% 126.5% 104.9% 117.4% 94.1% 
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Prospective realization rates by administrator and BCR code 

BCR 

Measure ID 
  
End Use 

Eversource and Unitil National Grid and CLC 
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E16C2b24 HVAC  94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b10 HVAC  94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b05 Motors & Drives 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b27 Motors & Drives 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b31 Motors & Drives 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b06 Process 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b07 Refrigeration 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b11 Refrigeration 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b12 Refrigeration 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b13 Refrigeration 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b14 Refrigeration 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b15 Refrigeration 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b16 Refrigeration 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b17 Refrigeration 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b30 Refrigeration 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b28 Refrigeration 94.8% n.p. n.p. 105.2% n.p. n.p. 

E16C2b08 Custom Measures 94.8% n.p. n.p. 105.2% n.p. n.p. 
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 REFRIGERATION SAVINGS METHODS 

The majority of the refrigeration projects in the Small Business sample include one or more of the following 

measures: 

1. Electrically commutated (EC) motor retrofits for evaporator fans 

2. Cycling evaporator fan controls 

3. Anti-condensate heater controls 

4. Electric defrost controller 

For each of these measures, the evaluation field engineer attempted to monitor the loads as close to the 

equipment as possible which is most often in the circuit breaker cabinet.  In ideal cases, the equipment was 

isolated on the electrical circuit and the power monitor data includes only the desired equipment.  In many 

cases there were other loads on the same electrical circuit, most often reach-in case lighting, that must be 

filtered out to determine the energy use of the desired equipment.  While on-site, the field engineers 

attempted to identify the additional loads by temporarily de-energizing the additional equipment and/or 

collecting counts/specs for these loads.  The approach was unique for each site and those situations are 

analyzed individually.  The end goal of the filtering process was the same for all sites: to isolate the energy 

consumption of the desired equipment.  Once the loads are filtered and isolated, that data was then used in 

the same analysis tool described below. 

Energy use in the installed case was modeled based on long-term metered data, which captures any 

variations in demand and equipment runtime based on time of day or ambient temperature.  The evaluator 

confirmed if the facility operates consistently throughout the year and if the metering period is 

representative of typical operation. 

An 8760 model was produced to simulate hourly, year-round demand of the system under the 

implementation of the new controls.  This model accounts for potential time-of-day usage patterns, effects 

of ambient conditions, and any seasonal factors identified from the facility personnel interview or review of 

available trend data.  

Data was imported into the 8760-model based on either average values, time of week patterns (see 

example in the table below) or relationships with ambient conditions.  The tracking and proposed energy 

usage was compared to determine the kW savings for the door heaters and evaporator fans as well as 

indirect secondary savings.  Seasonal kW reductions and on-peak savings were calculated for the respective 

time periods. 
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Summary of collected meter data (example)  

  

Evaporator Fan EC Motors  

For applications including EC fan motor retrofits, the evaluation established the installed evaporator fan 

input power with metered data when possible.  In some cases, there were additional loads on the circuit that 

could not be identified and the input power of only the motors could not be determined.  The most common 

example is condensing units being fed from the same circuit, and since the fan motors cycled with the 

condensing units, the fan motor power could not be determined.  In these cases, the EC motor installation 

was verified visually, and the installed EC motor power was estimated based on the baseline nameplate 

data. 

Baseline input power for fans receiving EC motors was estimated using the methodology recommended for 

projects with post-only data in the 2015 NEEP Refrigeration Load shape study.  This study recommends an 

adder factor of 157% to estimate baseline shaded pole (SP) motor input power using an EC motor power 

measurement.  That is: 

SP Input Power = EC Input Power + EC Input Power x 157% 

This methodology is based on the average difference between SP and EC motors in the same application.  

That is, the evaporator fan blade is removed from the SP motor shaft, and the same blade is installed on the 

new EC motor as part of installation.  The fan blade pitch remains the same, as does other factors such as 

obstructions that may alter airflow or pressure.  As a result, it is expected that there will be variations from 

fan to fan; the 157% adder is intended to represent the average condition. 

The NEEP method of applying an adder to estimate baseline power is a similar idea as the Massachusetts 

Technical Reference Manual (MA TRM) methodology which estimates EC fan power based on SP motor 

power; the NEEP value is intended to go from post-retrofit to pre-retrofit which is the opposite of the MA 

TRM method. The NEEP value would reduce SP motor power by 61% when estimating EC motor power, 

compared to the MA TRM value of 65%.  This is a slightly small difference than the MA TRM, so applying the 

NEEP value has a slightly negative impact on EC motor savings. 

Anti-Condensate Heaters Average Input kW 

Day of

Week 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Monday 0.50 0.51 0.53 0.55 0.57 0.59 0.58 0.57 0.55 0.52 0.49 0.37 0.27 0.25 0.25 0.24 0.23 0.25 0.30 0.36 0.38 0.45 0.48 0.49

Tuesday 0.55 0.59 0.61 0.63 0.62 0.64 0.65 0.64 0.62 0.62 0.62 0.59 0.59 0.54 0.52 0.51 0.51 0.53 0.54 0.59 0.67 0.74 0.72 0.66

Wednesday0.65 0.69 0.71 0.72 0.72 0.72 0.70 0.69 0.69 0.67 0.69 0.67 0.56 0.49 0.51 0.50 0.51 0.51 0.53 0.51 0.58 0.64 0.64 0.55

Thursday 0.53 0.53 0.56 0.58 0.60 0.60 0.60 0.59 0.58 0.61 0.72 0.79 0.80 0.81 0.80 0.77 0.77 0.77 0.80 0.85 0.85 0.88 0.86 0.78

Friday 0.77 0.77 0.80 0.82 0.81 0.80 0.79 0.78 0.76 0.74 0.79 0.81 0.82 0.79 0.83 0.82 0.86 0.90 0.82 0.85 0.88 0.88 0.85 0.73

Saturday 0.71 0.74 0.74 0.77 0.78 0.79 0.81 0.80 0.75 0.76 0.80 0.76 0.76 0.76 0.71 0.71 0.67 0.66 0.67 0.66 0.66 0.74 0.74 0.65

Sunday 0.65 0.65 0.67 0.70 0.71 0.74 0.75 0.74 0.72 0.70 0.65 0.76 0.71 0.63 0.62 0.63 0.63 0.59 0.58 0.55 0.47 0.43 0.44 0.46

Evaporator Fans Average Input kW

Day of

Week 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

Monday 0.40 0.41 0.39 0.39 0.37 0.41 0.37 0.38 0.40 0.45 0.50 0.72 0.58 0.56 0.55 0.56 0.54 0.52 0.50 0.53 0.45 0.41 0.40 0.69

Tuesday 0.36 0.36 0.41 0.38 0.32 0.32 0.36 0.35 0.38 0.42 0.44 0.78 0.74 0.87 0.84 0.90 0.78 0.72 0.76 0.70 0.58 0.57 0.50 0.77

Wednesday0.49 0.48 0.46 0.48 0.45 0.40 0.40 0.44 0.40 0.44 0.52 0.74 0.54 0.55 0.55 0.59 0.63 0.61 0.64 0.63 0.52 0.46 0.43 0.68

Thursday 0.39 0.38 0.38 0.37 0.37 0.35 0.38 0.34 0.41 0.53 0.58 0.75 0.59 0.56 0.56 0.57 0.57 0.61 0.53 0.52 0.48 0.41 0.41 0.60

Friday 0.37 0.34 0.35 0.33 0.34 0.32 0.35 0.34 0.36 0.50 0.46 0.74 0.55 0.52 0.59 0.65 0.60 0.60 0.61 0.53 0.53 0.48 0.42 0.64

Saturday 0.37 0.39 0.33 0.33 0.36 0.33 0.37 0.33 0.39 0.46 0.56 0.75 0.67 0.65 0.65 0.61 0.64 0.65 0.58 0.55 0.52 0.47 0.43 0.68

Sunday 0.38 0.41 0.35 0.35 0.34 0.33 0.36 0.34 0.33 0.39 0.42 0.72 0.52 0.57 0.54 0.55 0.56 0.53 0.49 0.45 0.40 0.45 0.40 0.60

Peak periods in bold: Summer Peak 1PM-5PM non-holiday weekdays June-Aug; Winter 5-7PM Dec-Jan; Energy Peak 7AM-11PM year-round

Hour Day

Hour Day
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Evaporator Fan Controls 

The evaluation established the evaporator fan input power and operating hours based on the collected 

metered data.  When possible, power measurements are verified using a redundant spot measurement from 

another meter.  

The evaluation estimated the fan motor input power using the metered data, which is constant in all but one 

application, in which two-speed functionality was utilized.  The input kW is representative of the installed 

case power demand, which is used to calculate runtime using the following expression: 

 % Evaporator Fan Runtime = Metered Fan Energy Use (kWh) ÷ Baseline Fan Energy Use (kWh) 

Unless otherwise noted, the baseline fan energy use is assumed to be constant operation over 8,760 hours 

per year. 

Anti-Condensate Heaters (ACH) 

Anti-condensate door heater energy consumption is as measured in the metered data.  In most applications 

the door heaters pulse several times per second to maintain dewpoint setpoints.  Because the evaluation 

energy meters record in integrated 1-minute intervals, the rapid pulsing appears in the raw data as a 

demand reduction. 

The evaluation estimated the full load input power using the metered data and nameplate data.  The 

metered data ideally includes multiple periods where the heaters operate at a maximal and steady input kW.  

The input kW for these periods is assumed to be the full load kW, which is equal to the baseline input kW 

(constant operation without controls).  The evaluation also collected nameplate amperage data for each of 

the door heaters and estimated the total input kW.  This secondary calculation was performed when possible 

to confirm the assumption that the peak metered kW is representative of full load operation. 

Runtime was estimated using the evaluator’s measured input kW for the door heaters.  Runtime was 

estimated using the following expression: 

% ACH Runtime = Metered ACH Energy Use (kWh) ÷ Baseline ACH Energy Use (kWh) 

Unless otherwise noted, the baseline ACH energy use is assumed to be constant operation over 8,760 hours 

per year. 

Secondary Savings 

Reductions in fan and heater energy use result in less heat being rejected into conditioned and secondary 

energy savings result due to reduced compressors loads.  

The total evaporator fan demand reduction is converted to tons of heat reduction, since the heat produced 

by the fan motors and kinetic energy of forced air are entirely within the refrigerated areas. 

The ACH controller load reduction is calculated differently than the evaporator fans.  The heaters are 

physically located on the windows of the walk-in doors, and it is assumed that 60% of the ACH heater is 

rejected through the respective refrigeration system while the remaining 40% is introduced to the space on 

the exterior of the walk-in (often a sales floor maintained by HVAC equipment).  

Manufacturers’ data was used to establish performance data for similar size and types of condensing units or 

other types of refrigeration equipment used at each facility.  It was expected that the condensing unit 
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performance varied with ambient conditions.  In some applications the condensing units are located indoors 

– these sites include additional secondary savings because of the negative impact on the refrigeration 

performance. 

Secondary savings were a result of reduced condensing unit loads.  The reduced kWh consumption of loads 

within refrigerated spaces was converted to tons, which was the load reduction on the condensing unit.  The 

load reduction was used to calculate reduced condensing unit energy using the following equation: 

 

Condensing Unit kWh Savings = Load Reductions, tons * Performance, kW/ton 

 

Refrigeration performance was estimated using performance data for similar condensing units as shown 

below. 

Refrigeration system performance 

 

Energy savings are the baseline energy minus the proposed energy.  The annual kWh savings, and on-peak 

demand (kW) savings were dependent on the times of the winter and summer peaks, as defined by ISO-NE. 

Summer kW peak periods correspond to energy usage between 1 PM and 5 PM on non-holiday weekdays in 

June, July and August.  Winter kW peak periods correspond to energy usage over all hours between 5 PM 

and 7 PM on non-holiday weekdays in December and January.  On-peak periods are 7AM to 11PM, non-

holiday weekdays, 12 months per year. 

Medium Temp (30°F Evaporator) Low Temp (-10°F Evaporator)

OA Temp Perf OA Temp Perf

°F kW/ton °F kW/ton

80 1.35 80 2.66

90 1.52 90 3.02

100 1.73 100 3.54

110 1.96 110 3.99
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 HVAC AND REFRIGERATION SITE REPORTS 

The site reports for this study are provided under separate cover. 
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ABOUT DNV GL 
Driven by our purpose of safeguarding life, property and the environment, DNV GL enables organizations to 

advance the safety and sustainability of their business.  We provide classification and technical assurance 

along with software and independent expert advisory services to the maritime, oil and gas, and energy 

industries.  We also provide certification services to customers across a wide range of industries.  Operating 

in more than 100 countries, our 16,000 professionals are dedicated to helping our customers make the 

world safer, smarter, and greener. 


