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EXECUTIVE SUMMARY 

The Massachusetts Program Administrators (PAs)1 sponsor the Massachusetts Small Business 
Direct Install (SBDI) Program for their non-residential customers with an average demand use of 
300 kW or less. The program provides a turnkey service, in which program implementation 
vendors conduct an energy audit at a customer’s facility and then recommend and install energy-
saving measures for the customer. Eligible measures include lighting equipment upgrades, 
lighting controls, refrigeration controls, and gas-efficiency measures. 

In 2011, there were 5,847 participants in the SBDI Program, whose installations produced 90 
GWh and 17.5 MW of annual energy and summer peak demand reduction, respectively, 
contributing 11% of the state’s energy-efficiency portfolio’s reported annual energy reductions.2 
The majority of energy reductions achieved by the SBDI Program are from lighting efficiency 
projects, including lighting fixture retrofits and the installation of lighting controls on upgraded 
or existing lighting systems. The PAs routinely perform impact evaluations of the program 
lighting projects to independently verify the reported energy and demand impacts. 

In 2010, the PAs contracted with an evaluation team consisting of The Cadmus Group, Inc., 
Energy and Resource Solutions (ERS), Opinion Dynamics Consulting, and Navigant Consulting, 
Inc. (herein referred to as “The Evaluation Team” or “The Team”) to provide evaluation services 
through June 2013. To date, The Team has conducted three impact evaluations of projects that 
were implemented through the SBDI Program in 2010-2011:  

1. Non-Controls Lighting Evaluation: Multi-season Study. For this post-installation 
impact evaluation, The Team verified the connected demand of retrofit lighting projects 
and measured the lighting system hours-of-use (HOU) over multiple seasons. This meter-
based study provided energy and demand realization rates for non-controls lighting 
projects implemented in 2010. 

2. Pre- and Post-Installation Lighting Occupancy Sensor Study. This impact evaluation 
included verifying connected lighting loads for lighting control retrofit projects and 
measuring lighting system operating hours both before and after installing lighting 
controls. This meter-based study provided energy and demand realization rates for 
lighting control projects implemented in 2011 and early 2012. 

3. 2011 Billing Analysis. This impact evaluation involved analyzing the pre- and post-
installation electric usage data for participants in the 2011 SBDI Program to determine 
the program impact on each participant’s electric consumption. With the billing analysis, 
The Evaluation Team aimed to provide energy realization rates for all project categories 
(included non-lighting measures) implemented in 2010-2011. 

                                                 
1 The Massachusetts energy-efficiency PAs are Berkshire Gas, Cape Light Compact, Columbia Gas of 

Massachusetts, National Grid USA, New England Gas, NSTAR Electric and Gas, Unitil/Fitchburg Gas & 
Electric, and Western Massachusetts Electric Company.  

2 The Evaluation Team calculated this percentage from compiled evaluated savings values from the PAs 2011 
Energy Efficiency Annual Reports. 
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This evaluation report provides: summaries of the impact evaluations of lighting fixtures and 
lighting controls installations; a complete report of the program billing analysis; a comparison of 
the study methods; results of all three evaluations; and a summary of the final set of 
recommendations for the 2013-2015 program. 

Study Summaries 
This section provides brief summaries of each of the three impact evaluations The Evaluation 
Team completed in 2010-2012, including the timeframe, forms, methods, and results. 

Non-Controls Lighting Evaluation: Multi-season Study 
In June 2012, The Team completed the multi-season impact evaluation of lighting fixture retrofit 
projects which did not include lighting control installations and were implemented through the 
SBDI Program in 2010. The Team conducted this impact evaluation under the guidance of the 
PAs and the Massachusetts Energy Efficiency Advisory Council’s (EEAC’s) evaluation, 
measurement, and verification (EM&V) consultants. The purpose of our evaluation was to 
provide independent estimates of annual energy savings and peak demand impacts for a single 
type of installed measure: the replacement of lighting fixtures without controls. In addition, we 
conducted the TOU metering over multiple seasons in order to assess the impact of the data 
collection period on the evaluated operating hours and peak period coincidence factors.  

The Team performed this impact evaluation in two parts:  

1. The winter study involved a complete analysis of the PAs non-controls lighting measures 
implemented in Program Year (PY) 2010, including reviewing tracking savings 
calculations, verifying lighting fixture installations, and collecting lighting HOU data 
during the 2010-2011 winter for 126 sites sampled across the state. 

2. The multi-season study included a return visit to 28 of the sampled sites where we 
expected seasonal variation in lighting HOU. The Team collected lighting HOU data for 
these sites during summer-fall 2011, and integrated those data into the winter study in 
order to conduct a comprehensive analysis of the annual operating hours and summer 
peak coincidence factors.  

The Evaluation Team compared program tracking data to data from our on-site verification of 
fixture installations, logged HOU data, and collected information about each site’s HVAC 
system. This enabled us to determine connected demand realization rates, annual energy savings 
realization rates, peak period coincidence factors, and HVAC interaction factors.3 Through the 
study, The Team verified that the SBDI Program accurately tracks savings for lighting fixture 
retrofits, with gross energy and demand realization rates of 96% (102% if including HVAC 
interaction) and 99%, respectively. The verified coincidence factors for the summer (66%, or 

                                                 
3  The definitions and results for each of these parameters are provided in Table 5. 
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73% with HVAC interaction) and winter (44% with negligible HVAC interaction) peak periods 
were similar to previous estimates from the 2011 Plan Version Technical Reference Manual.4 

The Evaluation Team’s comparison of HOU operation across seasons showed that HOU data 
collection in one season, combined with customer reports of seasonal operation, was sufficient 
for evaluating the annual energy impacts of non-controls lighting fixtures for this statewide 
program. The integration of the additional summer and fall data for the 28 seasonal sites had no 
impact on the statewide adjusted gross savings realization rate,5 although this was partly because 
the majority of the evaluated SBDI Program participants involved non-seasonal facilities. For the 
seasonal sites, differences between the energy realization rates based on winter data and multi-
season data ranged from -17% to 688%, though only three sites had a variation greater than 
±20%. The Team recommends that for programs with a high percentage of seasonal facilities, 
lighting system operations be monitored through multiple seasons in order to better estimate 
energy impacts.  

The Team’s seasonal comparison of lighting operation coincident with capacity on-peak hours 
showed that HOU measurements during non-summer months did not provide good estimates of 
HOU operation during the summer peak period, and that HOU measurements during summer 
months did not provide good estimates of HOU operation during the winter peak period. These 
findings indicate that for future evaluations, HOU data collection should be performed during the 
appropriate season in order to accurately estimate efficiency demand reductions during critical 
capacity periods.  

The final report is provided in Appendix B. 

Pre- and Post-Installation Lighting Occupancy Sensor Study 
In October 2012, The Evaluation Team completed an impact evaluation of lighting occupancy 
sensor projects implemented through the SBDI Program in 2011 and early 2012. The Team 
conducted this impact evaluation under the guidance of the PAs and the EEAC’s EM&V 
consultants, in order to independently estimate annual energy and peak demand impacts for 
PY2011.  

We conducted this study as a pre- and post-installation metering study, in which we monitored 
lighting operation both before and after the installation of lighting controls. This enabled us to 
better understand the pre- (no controls) and post- (with controls) lighting operation profiles and 
more accurately measure the actual impact of the lighting control installations for SBDI Program 
participants. This pre/post effort required the cooperation of program implementation 
contractors, recruitment of program participants, and up to four visits at each participant site to 
capture both pre- and post-HOU data. 

                                                 
4 The 2011 Plan Version Technical Reference Manual listed a winter peak coincidence factor of 37% from the 

2007 coincidence factor reports completed in spring 2007. This factor includes both lighting and HVAC 
interactive effects.  

5  Total adjusted gross savings realization rate includes all energy adjustments: documentation, technology, 
quantity, operation (HOU), and HVAC interaction. 
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Despite many evaluation challenges—including missed opportunities to recruit participants,6 
short pre-installation periods, and discontinued projects—The Team performed pre/post logging 
of 203 lighting control measures installed at 69 SBDI Program participant sites.7 Logged 
measures involved occupancy sensor installations in a variety of space types, including active 
storage, classrooms, conference and meeting rooms, restrooms, and open and closed offices. 

The comparison of pre- and post-HOU operation revealed that impacts from lighting controls are 
highly variable, usually decreasing but occasionally increasing usage in certain applications. 
Review of the pre/post operating profiles revealed that impact results were driven largely by the 
variability of the pre-installation lighting system operation (i.e., the operation of the lighting 
systems without occupancy sensors).  

The statewide program energy realization rate was 43% (42% with HVAC interaction), 
indicating that energy savings are being achieved by lighting occupancy sensor installations, but 
that the SBDI Program is over-estimating those energy impacts.  

The final report is provided in Appendix C. 

Billing Analysis 
As in previous years, The Evaluation Team conducted a billing analysis to estimate a program 
savings realization rate for SBDI program participants. We undertook this billing analysis using 
participant billing data and engineering estimates of measure savings provided by the PAs. We 
obtained savings realization estimates by screening outliers or other unsuitable data from the 
initial dataset and using a fixed-effects regression. The statewide realization rate we estimated 
using this process was 66%. In other words, the billing analysis suggests that the level of savings 
achieved by the program is approximately 66% of the engineering estimates of savings. This is 
considerably lower than the realization rates in previous billing analyses, which tended to cluster 
around 100%. 

After considerable internal consultation and ancillary analysis, The Evaluation Team concluded 
that, in this case, due to factors for which The Evaluation Team lacks the data to control, the 
billing analysis cannot deliver a defensible estimate of savings. Furthermore, The Evaluation 
Team concluded that, based on our ancillary analysis, it is highly likely that the estimated 
realization rate reflects a downward bias; that is, the true realization rate is very likely to be 
higher than 66%. 

The Evaluation Team recommends that the billing analysis realization rate determined as part of 
this evaluation not be used for any further analysis or to support policy decision-making. To 
improve future efforts at estimating program savings, The Evaluation Team recommends 

                                                 
6  Missed recruitment opportunities refer to projects that are identified and completed by program implementers 

without the knowledge or participation of the evaluation team. 
7 Measures are defined as line items in the PAs tracking data, and are typically created by the project contractor. 

A measure may be a single control installed on a single lighting circuit or may be multiple controls installed on 
multiple lighting circuits. All occupancy controls installed for a given measure have the same fixture type and 
quantity, are implemented in the same type of space (as defined by the project contractor), and have the same 
estimated pre- and post-operating hours. 
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collecting additional data so that a billing analysis can deliver a reasonably robust estimate of 
program savings.  

Details of The Team’s study approach, methods, analysis, and results are provided in the Billing 
Analysis chapter of this report. 

Evaluation Results for PY 2013-2015 Planning 
This section summarizes The Team’s recommended program impact factors for the 2013-2015 
planning cycle, based on the results of our SBDI Program impact evaluations. 

Table 1 shows the final evaluation results recommended by The Evaluation Team for the 2013-
2015 energy-efficiency plan and future years’ reporting. 

Table 1.Recommended SBDI Program Impact Factors for 2013-2015 

Factor Description 
Lighting 
Fixtures* 

Lighting 
Controls** 

Electric Energy Impacts 
kWh RR Energy realization ratei 96% 43% 
HVACELEC HVAC interaction factor, air conditioning and electric heating 106% 99%ii 
Total combined energy realization rate (kWh RR x HVACELEC) 102% 42% 
%kWh On-Peak Percent energy savings on-peak 69% 65% 
Electric Demand Impacts 
kW RR Connected kW realization ratei 99% 92% 
CFSP Coincidence factor, summer peaki,iii 66% 17% 
CFWP Coincidence factor, winter peaki,iii 44% 13% 
HVACSP HVAC demand interaction factor, summer on-peak 110% 107% 
HVACWP HVAC demand interaction factor, winter on-peak 100% 96% 
Total combined summer kW realization rate (kW RR x CFSP x HVACSP) 72% 17% 
Total combined winter kW realization rate (kW RR x CFWP x HVACWP) 44% 11% 
Non-Electric Impacts 
HVACGAS HVAC interaction factor, gas heat (MMBtu/kWh)iv -0.001075 -0.000743 
HVACOIL HVAC interaction factor, oil heat (MMBtu/kWh)iv -0.000120 -0.000132 
*Source: Table ES-1 of the Non-Controls Lighting Evaluation for the Massachusetts Small Business Direct Install Program: Multi-
Season Study report. 

** Source: Table ES-2 of the Small Business Direct Install Program: Pre/Post Lighting Occupancy Sensor Study report. 
i This only includes lighting impacts, not HVAC interaction impacts. 
ii The HVAC electric interaction factor less than 100% indicates the influences of electrically-cooled sites that experienced an 
increase in lighting operation with controls installed and/or electrically-heated sites that experienced that experienced a decrease 
in lighting operation.  
iii Statewide coincidence factors are for on-peak capacity periods. 
iv The HVAC gas and oil impacts are negative values because the reduction in lighting operation reduces waste heat generated 
and results in an increased space heating load. 
 
The Team based our recommended evaluation results on the two meter-based evaluations of 
lighting fixtures and lighting controls: they do not include findings from the program billing 
analysis. We did not adopt the results of our billing analysis due to identifying biases which we 
could not remove from the analysis. The Evaluation Team provided a memorandum to the PAs 
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and EEAC’s EM&V consultants discussing this issue and the recommendation to not use the 
billing analysis results.8 

For non-lighting measures, which make up less than 10% of the SBDI Program annual savings, 
we recommend maintaining the existing impact factors and conducting a future impact 
evaluation of these measures if they have an increased share of the program savings. 

Conclusions and Recommendations 
Based on the findings of the evaluations we performed during 2010-2012, The Team offers the 
following recommendations for the SBDI Program: 

Tracking Program Data 
The following observations and recommendations focus on what program data the PAs collect 
and how it is tracked for reporting and evaluation purposes.  

The PAs should require that all program implementers provide project savings data in a common 
format, and at a minimum collect the following common data fields for all lighting measures:  

 Building type (ideally from a discrete menu of options) 

 Measure location 

 Space type (ideally from a discrete menu of options) 

 Pre-retrofit quantity of fixtures 

 Pre-retrofit fixture type 

 Pre-retrofit fixture wattage 

 Pre-retrofit operating hours9 

 Post-retrofit quantity of fixtures 

 Post-retrofit fixture type 

 Post-retrofit fixture wattage 

 Post-retrofit operating hours 

Energy Savings Calculations 
The following observations and recommendations focus on how program impacts are estimated. 

The PAs should continue efforts to align savings calculation methods. During our review of PA 
tracking data, The Evaluation Team found that the PAs employ different methods for calculating 

                                                 
8 The memorandum is provided in Appendix D. Memorandum: 2012 Billing Analysis Findings and 

Recommendations. 
9  Pre-retrofit hours are only required for lighting controls projects but could be informative for non-controls 

projects that may change operating hours after the SBDI project. The TRM specifies an hours reduction value 
for lighting controls savings calculations, which can be calculated by comparing the pre and post operating 
hours from this list.  
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energy and demand impacts from their lighting systems and controls projects. Developing 
consistent and transparent calculation methods will improve program tracking and evaluation 
efforts. 

National Grid and WMECO consistently perform savings calculations within their tracking 
databases, using the appropriate Technical Reference Manual algorithms and with project 
parameters being provided by program contractors. CLC and Unitil rely on their program 
contractors to perform the savings calculations limiting those PAs’ ability to ensure complete 
data tracking and monitor the savings calculations. For all prescriptive measures, NSTAR 
accepts the energy and demand savings values calculated by program vendors using the 
established measure codes and savings values. For custom measure applications, NSTAR 
performs verification calculations in its tracking system. 

To ensure complete and consistent tracking of all critical data parameters and to assist in the 
implementation and evaluation verification processes, the PAs should adopt a common data 
collection protocol requiring that program implementers provide a consistent set of data (using 
the suggested list of parameters above) for each project. PAs who do not process these data in a 
data tracking system should require that these data be provided in a spreadsheet or other format 
that facilitates verification of savings calculations.  

Future Evaluation 
The following observations and recommendations focus on using evaluation findings to inform 
future impact evaluations of the statewide SBDI Program. 

Non-Controls Multi-Season Study 
With the non-controls multi-season study, The Evaluation Team evaluated the energy and 
demand impacts of SBDI Program lighting system retrofit projects, which represent the majority 
of program impacts. The overall statewide gross energy and connected demand realization rates 
were 102% and 99%, respectively, and the coincidence factors – 66% for summer peak and 44% 
for winter peak – were similar to those determined in a previous lighting coincidence factors 
study. Impact evaluations of SBDI lighting systems have consistently verified realization rates 
near 100%, indicating that the program savings estimates accurately predict energy and demand 
impacts. 

Because lighting system projects provide a significant percentage of the portfolio energy impacts 
and summer kW savings to the forward capacity markets, the PAs should continue to routinely 
evaluate this measure. The PAs should keep the following information in mind when performing 
metering studies of lighting system HOU:  

 For this statewide program, HOU data collection in one season combined with customer 
reports of seasonal operating hours is sufficient for evaluating annual operating HOU and 
energy impacts for non-controls lighting fixtures. However, for programs with a high 
percentage of seasonal facilities, evaluations should consider monitoring operations 
throughout multiple seasons to better estimate energy impacts.  

 The PAs should continue summer logging to better estimate the coincidence of efficiency 
measures and demand reductions with critical capacity periods. Since precise estimates of 
summer coincidence factors are increasingly important for both program reporting and 
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the PAs’ participation in the ISO-NE Forward Capacity Markets, the PAs should not rely 
on winter HOU data to estimate summer peak period demand impacts. 

Pre- and Post-Installation Lighting Occupancy Sensor Study 
The pre- and post-installation of occupancy-based lighting controls study revealed that the 
impacts of lighting controls vary widely. The Team used post-installation metering to verify that 
the control technology operated as expected; however, the impacts on lighting system HOU 
varied based on space type and pre-installation operating patterns.  

Energy realization rates for studied projects ranged from -127% to 1,173% and one-fifth of the 
projects had negative realization rates. The overall statewide gross energy realization rate was 
44% indicating that, on average, projects are achieving energy reductions but at lower levels than 
predicted by program implementers. 

The wide-ranging patterns of pre-installation HOU, including some lighting systems that 
operated less frequently before the controls were installed, were a surprise to the PAs and The 
Evaluation Team, and were only detected with pre-installation metering. For future evaluations 
of control-based efficiency measures, the PAs should continue to perform pre- and post-
installation metering studies in order to capture the true impacts.  

Billing Analysis 
If the PAs want to continue using billing analysis as a method for estimating savings achieved by 
the SBDI Program, we strongly recommend that more detailed information be collected from 
program participants, particularly building occupancy and vacancy. When determining what 
additional data to collect from participants, the PAs should carefully consider what exogenous 
changes to commercial building consumption tend to be correlated with participation in an 
energy conservation program. Data regarding all such changes should be collected to ensure that 
defensible savings estimates can be obtained via billing analysis. 

If obtaining such data is unfeasible, The Evaluation Team recommends that the PAs consider 
only using billing analyses in cases where it is highly unlikely that any exogenous factors 
correlate with the implementation of energy conservation measures. In practice, billing analyses 
would likely only be appropriate in cases where participants are highly homogenous and have 
consistent patterns of consumption (e.g., all participant buildings are government offices). 
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INTRODUCTION 

The Massachusetts PAs contracted with The Evaluation Team to evaluate the SBDI Program. In 
2010-2012, The Team completed three impact evaluations under the guidance of the PAs and the 
EEAC’s EM&V consultants. 

This chapter describes the SBDI Program, The Team’s evaluation planning process, and the 
overall timeline for the impact evaluation studies completed under this contract.  

SBDI Program 
SBDI is a direct install energy-efficiency program driven by program contractors hired by the 
Massachusetts Program Administrators to identify and implement electric and gas efficiency 
measures in the small (<300 kW average demand) commercial retrofit market. Program 
contractors provide turnkey services, and are responsible for participant recruitment, customer 
site assessments, measure identification, measure implementation, incentive processing, and 
energy and demand savings estimation.  

Electric efficiency measures for electric customers primarily consist of retrofits to facility 
lighting systems, such as replacing fixtures and ballasts and installing lighting controls, but they 
also include measures for refrigeration and HVAC systems. 

SBDI in the Statewide Electric Energy-Efficiency Portfolio 
In 2011, the SBDI Program contributed 11% of the statewide annual electric energy savings and 
17% of the summer peak demand savings, as reported in the PAs 2011 Energy Efficiency Annual 
Reports. Figure 1 and Figure 2 show the breakdown of statewide portfolio annual energy savings 
and summer peak demand savings, respectively, by market sector. 

Figure 1. Massachusetts Statewide Portfolio Annual kWh Savings (2011) 
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Figure 2. Massachusetts Statewide Portfolio Summer kW Savings (2011) 

 
 

Participation and Savings by PA 
The five electric PAs—Cape Light Compact (CLC), National Grid USA, NSTAR Electric and 
Gas, Unitil/Fitchburg Gas & Electric, and Western Massachusetts Electric Company 
(WMECO)—offer the SBDI Program to their electric customers. Figure 3, Figure 4, and  
Figure 5 show the program participants, annual energy savings, and summer peak demand 
savings by PA, respectively, for the 2011 SBDI Program. 

Figure 3. SBDI Program Participants by PA (2011) 

 
 
NSTAR customers represented 51% of the total participants in the 2011 program. National Grid 
customers represented 34%, while CLC, Unitil, and WMECO customers represented a combined 
15% of 2011 program participants. 



MA SBDI: Evaluation of 2010-2012 Programs January 29, 2013 

The Cadmus Group, Inc. / Energy Services Division 11 

Figure 4. SBDI Program Annual kWh Energy Savings by PA (2011) 

 
 
Similar to the participation rates, the SBDI projects for NSTAR customers represented 51% of 
2011 program annual energy savings, and National Grid projects represented 32%. Projects for 
CLC, Unitil, and WMECO contributed 17% of the statewide program energy savings. 

Figure 5. SBDI Program Summer Peak kW Savings by PA (2011) 

 
 
NSTAR projects represented 44% of the statewide summer peak demand savings and National 
Grid projects represented 34%. CLC, Unitil, and WMECO combined contributed 22% of the 
statewide demand reductions. 

The Evaluation Team 
Throughout the three-year evaluation period, The Evaluation Team worked with PA staff and the 
EEAC’s EM&V consultant to analyze the existing SBDI Program and to plan and execute 
impact evaluations to verify the energy and demand impacts for SBDI projects implemented in 
2010-2011.  
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The Team completed the three impact evaluations in a joint effort, with contributions for the 
planning, data collection, analysis, reporting, and technical advisory tasks from the multiple 
Evaluation Team firms:  

 The non-controlled lighting multi-season study was conducted by Cadmus and ERS.  

 The pre- and post-installation lighting occupancy sensor study was conducted by Cadmus 
and ERS.  

 The 2010 program billing analysis was conducted by Navigant with support from 
Cadmus. 

Evaluation Planning 
The Evaluation Team worked with PA staff and the EEAC’s EM&V consultants to determine 
appropriate impact studies for the three-year evaluation period. This included reviewing the 
program savings record and previous evaluation work. 

Program Savings Review 
A review of the program savings by PA and measure category confirmed that the majority of 
program savings are achieved through measures that address participants’ lighting systems. 
Figure 6 shows the distribution of reported energy savings by measure category for the statewide 
SBDI program in 2011. 

Figure 6. Statewide SBDI Tracked Savings by Measure Category (2011)10 

 
 

Projects involving participants’ lighting systems represented 83% of the statewide SBDI savings, 
with an additional 6% savings from lighting controls projects with both lighting fixture and 

                                                 
10  Savings values are based on tracked program participation and savings data collected during the billing analysis 

project. The savings percentages rare based on data for program year 2011. 
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controls savings for which the savings could not be distinguished by measure (“Lighting 
(Both)”). The remaining 11% of program savings were from non-lighting projects. These include 
refrigeration efficiency measures such as freezer/cooler door heater controls, evaporator fan 
ECMs and controls, novelty cooler shutoffs, and vending misers, as well as other custom 
measures identified and approved by program contractors. 

Because almost 90% of the program’s energy savings address the lighting end-use, The 
Evaluation Team agreed to focus our evaluation efforts on verifying the energy and demand 
impacts achieved through lighting systems and controls projects. 

Table 2 show the distribution of reported electric energy savings by measure category for each of 
the Massachusetts PAs in 2011. The savings percentages by measure are based on tracked data 
provided by the PAs for the billing analysis project.  

Table 2. SBDI Tracked Savings by Measure Category and PA (2011)11 

PA Statewide CLC 
National 

Grid NSTAR Unitil WMECO 
Lighting Systems 83% 68% 85% 82% 93% 82% 
Lighting Controls 5% 2% 8% 4% 1% 4% 
Lighting (Both)i 1% 9% 0% 1% 0% 0% 
All Lighting End-Uses 89% 79% 93% 87% 93% 86% 
Refrigeration 7% 11% 2% 9% 0% 10% 
Other 4% 10% 4% 3% 7% 4% 
i Lighting (Both) refers to measure savings for combined lighting fixture and controls projects for which the savings by measure 
could not be distinguished. 
 
For all PAs, measures addressing the lighting end-use make up at least 79% of the overall 
program savings. Refrigeration measures are up to 11% of program energy savings, and 
measures categorized at “Other” range between 3% and 10% of program savings by PA. 

Previous Impact Evaluations 
Prior to 2010, the PAs had conducted multiple joint impact evaluations of the SBDI Program 
using billing analysis to determine PA-specific energy realization rates. In addition, several PAs 
had conducted meter-based impact evaluations to determine the energy and demand impacts of 
specific measure categories, including lighting controls, refrigeration, and other non-lighting 
measures.  

Table 3 shows the list of SBDI Program impact evaluation work conducted by the PAs in recent 
years and prior to the establishment of the statewide evaluation framework. 

                                                 
11  Savings values are based on tracked program participation and savings data collected during the billing analysis 

project. The savings percentages rare based on data for program year 2011. 
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Table 3. Previous PA SBDI Program Evaluations (2000-2010)* 
Evaluation Report Description PA 
Small Business Solutions Program Year 
2002 Impact Evaluation 

Meter-based post-installation impact evaluation of NSTAR’s 
2002 SBDI Program. Estimated SBDI Program energy and 
demand realization rates. 

NSTAR, CLC 

MA Utilities 2003 Multiple Small Business 
Lighting Retrofit Programs Impact 
Evaluation 

Billing analysis of the MA PA’s 2003 program participant usage 
data to estimate SBDI Program energy realization rates for each 
PA. 

All (Statewide) 

Small Business Services Custom 
Measure Impact Evaluation 

Meter-based post-installation impact evaluation of National Grid’s 
2005 custom Small Business Services (SBS) projects, including 
lighting and non-lighting measures. Estimated SBDI Program 
energy and demand realization rates for multiple custom project 
categories. 

National Grid 

Lighting Controls Impact Evaluation Final 
Report, 2005 Energy Initiative, Design 
2000plus and Small Business Services 
Program 

Meter-based post-installation impact evaluation of National Grid’s 
2005 lighting control projects for all commercial customers. 
Estimated energy and demand realization rates for SBDI 
Program lighting controls projects. 

National Grid 

Coincidence Factor Study Residential 
and Commercial Industrial Lighting 
Measures 

A regional metering study to determine the summer and winter 
peak period coincidence, including HVAC interactions and 
factors for lighting systems. 

All (Regional) 

Multiple Small Business Services 
Programs Impact Evaluation 2007 

Billing analysis of the MA PA’s 2007 program participant usage 
data to estimate SBDI Program energy realization rates for each 
PA. 

All (Statewide) 

Western MA Small Business Energy 
Advantage Impact Evaluation Report 
Program Year 2008 

Meter-based post-installation impact evaluation of WMECO’s 
2008 SBDI Program. Estimated SBDI Program energy and 
demand realization rates. 

WMECO 

* See the References chapter for full report citations. 
 
Previous assessments of the PAs SBDI Program employed multiple evaluation methods, 
including on-site verification of project installations, meter-based data collection of system 
operation, and program-wide billing analysis (which relies on historic participant and non-
participant consumption data to determine program impacts).  

As described in the 2011Plan Version Technical Reference Manual, the PAs used a combination 
of these previous impact evaluations to determine program impact factors: energy realization 
rates, demand realization rates, and peak period coincidence factors. 

2010-2012 Impact Evaluation Plan 
The Team undertook two meter-based impact evaluations and a program billing analysis 
intended to include all program participants and measure categories in 2010. We designed the 
meter-based evaluations to target the two measure categories that make up the majority of 
program savings, while answering two key questions pertinent to understanding the true energy 
and demand impacts and to inform future evaluation protocols:  
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 How do the estimated energy and peak period demand impacts vary with HOU data 
collected over different seasons? Is winter data collection (which is typical for lighting 
evaluations due to the standard program and evaluation schedules) sufficient to obtain an 
accurate measure of energy and summer demand impacts, or should data collection be 
conducted over multiple seasons and during peak summer months? 

The Evaluation Team analyzed this issue, which we reported in the Non-Controls 
Lighting Evaluation for the Massachusetts Small Business Direct Install Program: Multi-
Season Study. For that study, we collected lighting HOU data from seasonal customer 
sites during fall/winter and summer periods, and compared the estimated annual energy 
and demand impacts from each of those seasons independently to the impacts estimated 
using data from all the seasons combined. 

 What are the actual impacts of lighting controls retrofit projects on the lighting systems 
HOU? The Team had previously estimated these impacts using assumptions about pre-
retrofit operation, but had not directly measured the pre- and post-installation impacts. 

The Evaluation Team analyzed this issue, which we reported in the Small Business Direct 
Install Program: Pre/Post Lighting Occupancy Sensor Study. That study involved 
actively recruiting program participants throughout the program year to perform HOU 
metering of lighting system operation both before and after implementing their lighting 
controls projects. 

The Evaluation Team designed the program billing analysis to encompass all program 
participants and projects for PY 2010, including the small proportion of non-lighting projects. 
The billing analysis was intended to provide statewide program realization rates, as well as 
results specific to each PA, each measure category, and each building type. 

Evaluation Timeline 
Table 4 describes the overall timeline for the three completed impact evaluations from initial 
planning to the final report. 

The non-controlled lighting impact evaluation study was a multiyear effort in which The 
Evaluation Team collected lighting HOU data over multiple seasons. The initial data collection 
period included the fall and winter of 2010-2011. The Team conducted the second round of data 
collection during summer 2011, which included 28 sites identified as seasonal sites. We 
conducted the multi-season analysis during winter 2011-2012 using HOU data from both data 
collection periods. The Team completed the final report on June14, 2012, and it was filed with 
the PA’s 2011 Energy Efficiency Annual Reports.  

The Evaluation Team conducted the pre- and post-installation lighting occupancy sensor study 
throughout PY 2011 and collected data from some early 2012 projects. The Team performed the 
analysis and presented results to the PAs and EEAC’s EM&V consultants during spring 2012, 
then worked with PA staff throughout the summer to understand the approach, results, and 
recommendations. The final report was dated October 23, 2012. 
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Table 4. SBDI Program Impact Evaluation Timeline 
Task/Deliverable Date 
Non-Controlled Lighting Impact Evaluation 
Work Plan Approved Fall 2010 
Data Collection Period (fall/winter) Winter 2010-2011 
Data Collection Period (spring/summer) Summer-Fall 2011 
Draft Report April 13, 2012 
Results and Discussion April-June 2012 
Final Report June 14, 2012 
Pre- and Post-Installation Lighting Occupancy Sensor Impact Evaluation 
Work Plan Approved Fall 2010 
Data Collection Period PY 2011 and January-March 2012 
Presentation of Preliminary Findings May 18, 2012 
Results and Discussion June-August 2012 
Final Report October 23, 2012 
Billing Analysis 
Work Plan Approved April 2012 
Data Collection Period May-June 2012 
Memorandum of Preliminary Findings July 5, 2012 
Results and Discussion July-September 2012 
Memorandum of Final Results and Recommendations October 26, 2012 
Final Report November 30, 2012 
 
The Team began the 2010 program billing analysis in February 2012 by collecting consumption 
data from the PAs, and then presented our initial analysis results to the PAs in July 2012. This 
induced a series of discussions with the PAs about unique characteristics of this year’s 
participants compared to previous evaluations, as well as evidence of undocumented influences 
that may be driving participant’s post-consumption up. The evaluation methods, analysis results, 
and a discussion of the billing analysis are presented in the Billing Analysis chapter. 
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IMPACT EVALUATION SUMMARIES 

This chapter summarizes the objectives, methods, results, and recommendations for each of the 
two meter-based impact evaluations conducted during the 2010-2012 evaluation period. A 
comprehensive report of the billing analysis methods, results, observations and recommendations 
is provided in the next chapter. 

Non-Controls Lighting Evaluation: Multi-season Study 
In June 2012, The Evaluation Team completed the multi-season impact evaluation of the non-
controlled lighting measures implemented in the SBDI Program in 2010.This evaluation 
involved on-site verification and metering of lighting fixture retrofit projects implemented in 
2010. The final report, Non-Controls Lighting Evaluation for the Massachusetts Small Business 
Direct Install Program: Multi-Season Study, is provided in Appendix B. 

Objectives 
The Team conducted the impact evaluation to provide independent estimates of annual energy 
savings and peak demand impacts for the retrofit installation of high-efficiency lighting fixtures 
through the PAs SBDI Program. We focused the impact evaluation on savings due to the 
equipment change only, and did not calculate savings due to the installation of lighting controls. 

Methods 
The multi-season study results are based on lighting HOU data that The Team collected during 
three seasons and direct measurements of lighting coincidence we took during the summer and 
winter peak periods. 

The Team performed the impact evaluation in two parts:  

1. For the winter study, we conducted a complete analysis of the PAs non-controls lighting 
measures implemented in PY 2010, including reviewing tracking savings calculations, 
verifying lighting fixture installations, and collecting lighting HOU data during winter 
2010-2011 for 126 sites sampled across the state. 

2. For the multi-season study, we revisited 28 of the sampled sites for which we expected 
seasonal variation in lighting HOU. The Team collected lighting HOU data from these 
sites during summer-fall 2011 and integrated those data into the winter study. This 
enabled us to conduct a comprehensive analysis of annual operating hours and summer 
peak coincidence factors. 

We calculated impact factors based on our post-retrofit verification, metering, and analysis 
performed at 126 participant sites statewide. We metered all 126 sample sites during winter 
2010-2011, and metered the 28 sites with expected seasonal variation (e.g., schools and summer 
camps) during summer-fall 2011.  

For the 28 seasonal sites, we also compared the measure-level results for HOU and peak period 
coincidence factors using winter data only, summer-fall data only, and all season data. In  
Figure 7, Figure 8, and Figure 9, each data point represents a measure at one of the 28 seasonal 
sites for which multiple seasons of HOU data were collected. For each data set, the estimates of 
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annual HOU and peak coincidence are based on the logged HOU data for the specified season(s) 
and customer reports of variation in operating hours across seasons.12  

Figure 7 compares the annual hours estimated from winter logging data (blue points) and annual 
hours estimated from summer-fall logging data (red points) to the annual hours estimated from 
all three seasons of data logged in this study.  

Figure 7. Comparison of Estimated Annual Operating Hours 

 

The dashed line in the figure represents a perfect match of the winter or summer-fall data to the 
three-season hours, and fitted lines are shown for the two sets of seasonal data. The fitted lines 
for both winter and summer-fall show a close match between the seasonal data and the three-
season data (the slope is close to 1). The data demonstrate that a single season of logger data can 
be used with information on seasonal business variation reported by customers to calculate a 
reasonable estimate of annual operating hours for seasonal sites. 

Figure 8 and Figure 9 show comparisons of actual and estimated coincidence factors for the 
summer and winter on-peak periods, respectively.  

Figure 8 compares the actual summer on-peak coincidence factors measured during the summer 
logging period to the estimated summer on-peak coincidence factor based on logger data from 
the winter season. The data show no correlation between the actual and estimated values for 
summer coincidence and demonstrate that winter logger data do not provide a good basis for 
estimating summer peak coincidence for seasonal sites. 

                                                 
12  The full report of the Non-Controls Multi-Season Study describes in detail the methods for estimating annual 

hours and peak period coincidence using each logged data set and the customer reports of seasonal variation in 
operating hours. This study report is included in Appendix A.  
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Figure 8. Comparison of Actual and Estimated Summer Coincidence Factors 

 
 

Figure 9 compares the actual winter on-peak coincidence factors measured during the winter 
logging period to the estimated winter on-peak coincidence factor based on logger data from the 
summer season. The data show some correlation between the actual and estimated values (that is, 
low winter coincidence factors are typically estimated to be low). However, the data show that 
summer logging does not provide a good consistent estimate of winter peak coincidence for 
seasonal sites. 

Figure 9. Comparison of Actual and Estimated Winter Coincidence Factors 

 
 

These comparisons of coincidence factors based on HOU data logged in different seasons 
demonstrate that, to accurately measure coincidence for seasonal sites, it is critical to collect 
lighting HOU data during the specific peak period. Further discussion of these results is available 
in the study report, provided in Appendix B.    
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Results 
The impact factors for the statewide program are provided in Table 5. The table includes factors 
for adjusting the gross energy and peak demand savings and for estimating the gas and oil 
impacts of lighting fixtures measures implemented through the SBDI Program. The table also 
shows the impact factors for WMECO separately due to a difference WMECO employed in the 
methods for estimating gross savings for the 2010 program.13 

Table 5. Summary of Impact Factors, Statewide and WMECO* 
Factor Description Statewide WMECO 
Electric Energy Impacts 
kWh RR Energy realization ratei 96% 72% 
HVACELEC HVAC interaction factor, electric heating 106% 102% 
Total combined energy realization rate (kWh RR x HVACELEC) 102% 73%ii 
%kWh On-Peak Percent energy savings on-peak 69% 70% 
Electric Demand Impacts 
kW RR Connected kW realization ratei 99% 98% 
CFSP Coincidence factor, summer peaki,iii 66% 60% 
CFWP Coincidence factor, winter peaki,iii 44% 43% 
HVACSP HVAC demand interaction factor, summer on-peak 110% 111% 
HVACWP HVAC demand interaction factor, winter on-peak 100% 97% 
Total combined summer kW realization rate (kW RR x CFSP x HVACSP) 72% 65% 
Total combined winter kW realization rate (kW RR x CFWP x HVACWP) 44% 41% 
Non-Electric Impacts 
HVACGAS HVAC interaction factor, gas heat (MMBtu/kWh)iv -0.001075 -0.000522 
HVACOIL HVAC interaction factor, oil heat (MMBtu/kWh)iv -0.000120 -0.000252 
* Source: Table ES-1 of the Non-Controls Lighting Evaluation for the Massachusetts Small Business Direct Install Program: 
Multi-Season Study report (provided in Appendix B). 
i This only includes lighting impacts, not HVAC interaction impacts. 
ii The combined energy realization rate for WMECO is lower than the statewide average due to different methods they used for 
estimating HVAC interactive impacts from 2010 to 2011. If WMECO changes its methods to match that of the other PAs, this 
energy realization rate is no longer valid. 
iii Statewide coincidence factors are for on-peak capacity periods; WMECO coincidence factors are for seasonal peak periods. 
iv The HVAC gas and oil impacts are negative values because the reduction in lighting operation reduces waste heat generated 
and results in an increased space heating load.  
 

Observations and Recommendations 
The statewide energy and demand realization rates demonstrated that the SBDI Program overall 
achieved the impacts predicted by the program implementers. The results of the impact study 
verified that the program contractors are accurately documenting the installations of new lighting 
systems and closely predicting the resulting energy and demand impacts of those installations. 

                                                 
13  WMECO previously included HVAC interactive effects in their gross energy savings calculations while the 

other PAs include these impacts as an impact factor applied to the gross savings. Starting in PY 2011, WMECO 
changed its calculation approach to be consistent with the other PAs. 
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The analysis of seasonal HOU data demonstrated two points that the PAs should consider for 
future statewide evaluations involving lighting system runtime and peak coincidence:  

1. For this statewide program, collecting HOU data in one season and using customer 
reports of seasonal variation is sufficient for evaluating the annual energy impacts of non-
controls lighting fixtures. The statewide gross kWh realization rate was not impacted by 
the inclusion of summer logging data for sites with expected seasonal variation in HOU. 
For programs with a high percentage of seasonal facilities, evaluations should monitor 
operation through multiple seasons to better estimate energy impacts. 

2. Determining summer and winter peak period impacts (i.e., coincidence factors) should be 
based on data collected during the specified peak period. There was no correlation 
between summer coincidence factors estimated from winter data and summer coincidence 
factors directly measured in the summer. Since precise estimates of summer coincidence 
factors are increasingly important—for both program reporting and the PAs participation 
in the ISO-New England (ISO-NE) Forward Capacity Markets—The Evaluation Team 
recommends that the PAs continue summer logging in order to better estimate the 
coincidence of efficiency measures and demand reductions with critical capacity periods.  

Pre- and Post-Installation Lighting Occupancy Sensor Study 
In October 2012, The Evaluation Team completed the final report for the pre- and post-
installation impact study of lighting occupancy sensor projects. This evaluation involved pre- 
and post-installation on-site verification and metering of lighting control retrofit projects 
implemented throughout PY 2011. The final report, Small Business Direct Install Program: 
Pre/Post Lighting Occupancy Sensor Study, is provided in Appendix C. 

Objectives 
The Team conducted the impact evaluation to provide independent estimates of annual energy 
savings and peak demand impacts for the retrofit installation of occupancy-based lighting 
controls through the SBDI Program. We focused our impact evaluation on savings due to the 
installation of lighting controls only, and did not calculate savings due to the retrofit of 
associated lighting fixtures. 

Methods 
To determine the impact of the lighting controls, The Team performed on-site verification of 
control installations and metering of lighting system operation both before and after installation 
of the controls. Different from previous impact evaluations of lighting controls that rely on post-
installation data and assumptions about pre-installation operation to estimate impacts, for this 
study we captured actual pre-installation operation to determine the true impact of the occupancy 
sensors on lighting system operation.  

Conducting this pre- and post-installation metering required the cooperation of program 
contractors, who recruited program participants for the evaluation before the occupancy controls 
were installed. The Evaluation Team worked with PA staff and program contractors to collect 
leads, contact potential metering study participants, and schedule on-site visits to install HOU 
loggers before controls projects were implemented. At the end of the pre-metering period, the 
program contractors coordinated completing the controls retrofit projects, and The Evaluation 
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Team revisited each site to perform post-installation metering. Despite high attrition rates from 
leads who chose not to participate in the evaluation, projects implemented too quickly to allow 
for pre-installation metering, and customers who chose not to complete the project (allowing no 
post-installation metering), The Evaluation Team collected complete pre- and post-installation 
HOU data for 203 lighting control measures for 69 participant accounts. 

The Team analyzed the pre and post lighting HOU profiles for the studied lighting systems and 
used those profiles to estimate the pre and post annual operating hours. Review of the pre/post 
operating profiles revealed very different impacts from similar lighting control installations. 
Figure 10 shows the observed pre/post weekday profiles for three lighting controls measures (not 
at the same facility). 

Figure 10. Example Pre/Post Weekday Lighting Control Profiles 

 

 

 
 
The first shows a positive application of lighting controls for which the lighting HOU is lower in 
the post-installation case than the pre-installation case for every hour of the year. The second 
example shows a measure with very similar pre and post operating profiles, indicating little to no 
impact of the controls on lighting HOU. The third example shows a negative impact of lighting 
controls for which the post-installation case shows increased usage compared to the pre-
installation case throughout the day. 

In all examples in Figure 9, the post-installation profiles look similar, with minimal operation 
during the evening and early morning hours and moderate usage during typical business hours. 
This indicates that the lighting controls cause the connected lighting systems to operate in 
predictable ways. However, the pre-installation operating profiles are very different, with 
continuous usage in the first case to very low usage in the third case. We found that these 
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differences in pre-installation operation caused the large variances in impacts across studied 
measures and projects.  

The Team based the impact factors for this study on the pre- and post-installation verification, 
metering, and analysis that we performed at 58 participant sites statewide.14 We performed this 
metering throughout 2011 and in early 2012.  

Results 
The impact factors for the statewide program are provided in Table 6. The table includes factors 
for adjusting the gross energy and peak demand savings and for estimating the gas and oil 
impacts of lighting control measures implemented through the PAs SBDI Program.  

Table 6. Program Impact Factors, Statewide (All Electric PAs) 

Factor Description Statewide 
Relative 

Precision 
Confidence 

Level 
Electric Energy Impacts 
kWh RR Gross energy realization rate 43% 55% 90% 
HVACELEC  HVAC interaction factor, electric cooling and heating 99% 5% 90% 
Total combined energy realization rate (kWh RR x HVACELEC) 42%i 56% 90% 
%kWh On-Peak  Percent energy savings on-peak  65% 20% 90% 
Electric Demand Impacts 
kW RR  Connected kW realization rateii 92%iii 6% 80% 
CFSP  Coincidence factor, summer peakiv 17% 52% 80% 
CFWP  Coincidence factor, winter peakiv 13% 48% 80% 
HVACSP  HVAC demand interaction factor, summer peakiv 107% 5% 80% 
HVACWP  HVAC demand interaction factor, winter peakiv 96% 4% 80% 
Total combined summer kW realization rate (kW RR x CFSP x HVACSP) 17% 49% 80% 
Total combined winter kW realization rate (kW RR x CFWP x HVACWP) 11% 51% 80% 
Non-Electric Impacts 
HVACGAS  HVAC interaction factor, gas heat (MMBtu/kWh)v -0.000743 45% 90% 
HVACOIL  HVAC interaction factor, oil heat (MMBtu/kWh)v -0.000132 102% 90% 
Source: Table ES-2 from the Small Business Direct Install Program: Pre/Post Lighting Occupancy Sensor Study report. 
i The total combined energy realization rate is the product of the gross energy realization rate and the electric HVAC interaction 
factor (42.78% x 99.14% = 42.42%). 
ii For this lighting controls study, this is the total controlled lighting load (kW). 
iii The connected kW adjustment is due to differences between the verified and tracked connected lighting fixture counts and 
wattages. A previous lighting controls impact evaluation found a connected kW realization rate value of 93.6% for the National 
Grid SBDI Program (a full citation of this report is provided in the References section). 
iv The lighting and HVAC coincidence factors are based on the ISO-NE summer and winter on-peak capacity periods. 
V The HVAC gas and oil heating impacts are negative values because the reduction in lighting operation also reduces waste heat 
generated and results in an increased space heating load. 

                                                 
14 We only included 58 of the 69 completed sites in the statewide analysis. These sites included metered measures 

that sufficiently represent the set of lighting control measures implemented at the site. We dropped 11 sites from 
the analysis because the metered measures did not sufficiently represent the full set of measures claimed in each 
projects’ final report and were deemed not appropriate to make a site-wide assessment of the lighting controls 
impact.  
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Based on pre- and post-installation logging 170 measure installations at 58 sites across 
Massachusetts, The Evaluation Team estimated the average realization rate for lighting control 
installations to be 43%. At the 90% confidence level, this realization rate has a relative precision 
of 55%, indicating large variations in the energy impacts of the lighting control installations 
among the studied sites.  

Figure 11 shows the distribution of energy realization rates for the 58 projects included in the 
impact factor calculations.  

Figure 11. Project Gross Energy Realization Rates 

 

Energy realization rates for studied projects ranged from -127% to 1,173%. One-fifth of the 
projects had negative realization rates15 and an additional one-third of the projects had realization 
rates less than 100%. This diversity in project results demonstrates the inconsistent impact of 
lighting controls and explains the high relative precision results (indicating poor precision).16 

                                                 
15  A negative realization rate indicates a project for which the evaluated impact was an increase in energy 

consumption rather than a reduction in energy consumption. 
16  The full study report provides further discussion of the high (poor) relative precision results and is included in 

Appendix C.  
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High relative precision values were also observed for the summer and winter coincidence factors 
of 17% and 13%, respectively. These high precision values reinforce the observations of the pre- 
and post-installation data that the operational impacts of lighting control installations—annual 
run-time and peak demand—vary widely among projects. Because the operational impact 
depends largely on occupant baseline behavior, the energy and demand impacts of lighting 
controls are difficult to predict without considering the type of space and behavior of occupants 
within that space. 

Observations and Recommendations 
The energy and peak demand impacts of lighting controls are highly variable and increase usage 
in certain applications. Post-installation metering revealed that the installed lighting controls 
operate as expected; however, the pre-installation metering revealed that for many installations, 
the lights were already well-controlled by the occupants or used less frequently than expected, 
thereby diminishing the potential impact for lighting controls. 

The energy impact of lighting control installations depends on user behavior and space type. The 
space type indicates savings potential based on the expected occupancy schedule of the space—
for example, an infrequently entered conference room may have more savings potential than a 
constantly occupied open office area—but the energy impact is determined by the baseline 
occupant behavior for controlling lights manually before controls are installed. There is no 
savings potential in any space types where the occupants consistently control the lighting circuits 
manually. 

Although HOU impacts varied even within space type groups, some space types showed higher 
and more consistent energy savings than others. Active storage, corridor/transition, and 
restrooms regularly had high reductions in operating hours with installed lighting controls. 
Classrooms, conference rooms, dining areas, and enclosed offices showed irregular impacts and, 
on average, only modest reductions in annual operating hours. 
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BILLING ANALYSIS 

In February 2012, the PAs and the EEAC’s EM&V consultants approved the work plan for a 
program-wide billing analysis to assess the overall energy impact of all projects, including non-
lighting projects, implemented through the SBDI Program in 2010-2011. This chapter provides a 
detailed discussion of the billing analysis objectives, methods, results, and recommendations. 

Introduction 
The Evaluation Team designed our billing analysis of the SBDI Program to econometrically 
estimate electricity savings as a complement to our lighting controls and occupancy sensor 
logging studies. Our primary goal with the billing analysis was to estimate the overall realization 
rate for the program and for different sub-segments including measures, PAs, size of building, 
and building type.  

The Evaluation Team employed fixed-effects regressions to estimate realization rates, and thus 
actual savings. As originally envisioned, and based on past billing analyses of the SBDI 
Program, the PAs and The Evaluation Team anticipated that the program was a suitable 
candidate for billing analysis because savings are generally expected to exceed 5% of 
consumption, and there were a relatively large number of participants installing a variety of 
measures.  

Figure 12 shows the distribution of measure types installed at 2,680 SBDI Program sites in 2010 
by NSTAR and National Grid. The vast majority of installed measures were lighting fixtures and 
lighting controls, although refrigeration, custom, and other measures types were also installed. 
The PAs tracked energy savings from the program using prescriptive or deemed savings 
calculated using site-specific data and engineering estimates. 

Figure 12. Number of SBDI Program Sites with Different Measure Mixes  
Installed at NSTAR and National Grid Sites in 2010 
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Objectives 
Based on the tracking data and discussions with the PAs and EEAC, The Team designed the 
billing analysis to estimate savings across the following four measure categories: 

1. Lighting fixtures 

2. Lighting controls 

3. Refrigeration 

4. Other 

Additionally, we designed the billing analysis to determine gross kWh savings across the 
following dimensions:  

 Statewide; 

 Each electric PA; 

 kW tier (less than 50kW, 50 to 199kW, and 200 to 299 kW); and 

 Business type.  

Methods 
This section of the report summarizes the methods we used to derive the billing analysis 
estimates. It is divided into the following sub-sections: 

 Data Sources and Manipulation: provides a summary of the original data The 
Evaluation Team received and how we combined them to provide a base dataset for our 
analysis. 

 Realization Rate Estimation Method: provides a brief description of the regression 
technique and model specification we used to estimate realization rates. 

 Data Screening: describes the progressive screens we applied to the data prior to 
estimating the program impact. 

Data Sources and Manipulation 
The PAs provided three types of data to The Evaluation Team: 

1. Customer billing data (this was more or less equal to monthly energy consumption) 

2. Participant data (typically indicating the business type and what and how many measures 
were installed) 

3. Measure data (indicating savings by measure type) 

In some cases, the PAs provided the last two types of data listed above as a single dataset.  

The process by which The Team merged all the data into a single estimation dataset is illustrated 
in Figure 13. 
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Figure 13. Generating the Billing Analysis Estimation Dataset 

 
 
Initially, The Team assigned each participant with a unique key, referred to in this report as that 
participant’s Account ID. We used this unique key to merge the participant and measure data (if 
not done already) and then to merge measure and billing data. To allow for a consistent analysis, 
The Team transformed consumption data from the total consumption within the billing period 
into the average daily kWh consumed for that billing period. Note that when more than one value 
existed for a given meter read date, we summed non-duplicate values. 

The Team also assigned each participant to a business category based on that participant’s 
Standard Industrial Classification (SIC) or North American Industry Classification System 
(NAICS) code, and assigned average daily kWh savings to each measure category based on the 
measure code and corresponding engineering estimates of savings data provided by the PAs. We 
also assigned each participant to one of the following three size categories based on their average 
peak demand:17 

                                                 
17 We excluded participating customers with more than 300 kW of average peak demand from the final dataset. 
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1. Less than 50 kW 

2. 50 to 199 kW 

3. 200 to 299 kW 

The Evaluation Team calculated the average daily heating degree days (HDDs) and cooling 
degree days (CDDs) for each participant and each billing period. We based these degree days on 
daily average temperatures obtained from 32 different weather stations. The Team assigned 
weather stations (and thus temperatures) to each participant based on their ZIP code. 

At the end of this process, The Evaluation Team had the analysis dataset: a panel dataset of each 
participant’s average daily consumption, average HDDs, and average CDDs for each billing 
period. The dataset also included the average daily savings engineering estimates for each of the 
four measure categories and two fields indicating the first and last dates of measure installation. 

The results from this process are shown in Table 7. In merging the participant and billing data 
sets, the participant sample was reduced slightly; in some cases the billing data corresponding to 
that participant’s savings data were not available, requiring The Team to exclude that participant 
from further analysis. We excluded a total of nine participants from the initial analysis dataset on 
this basis. 

Table 7. Participants by PA after Merging 
Program Administrator # of Participants % of Participants 
Cape Light Compact 461 5% 
National Grid 3,282 34% 
NSTAR 4,935 51% 
Unitil 85 1% 
WMECO 852 9% 

Total 9,615 100% 
 
As described in detail below, The Team applied additional screens to the merged dataset and 
removed participants or observations that, for a variety of reasons, were skewing the data.  

Realization Rate Estimation Method 
The basic billing analysis method is to estimate a series of fixed-effects regression models. This 
fixed-effects technique was designed to control for variations between individual participants 
that are static (or unchanging) over the analysis period. The idea is to control for factors such as 
a building’s size, the number of windows, etc. without necessarily having the participant-specific 
data for those factors. Fixed effects do not control for factors that vary over the analysis period, 
such as vacancy rates, the number of employees, or company sales.  

Estimating a fixed-effects model is equivalent to estimating a conventional ordinary least squares 
regression, but includes a dummy variable for each participant. Fixed-effects regression is the 
industry standard for energy efficiency and demand response impact evaluations. 

The Evaluation Team applied a variant of the model known as statistically adjusted engineering 
(SAE) estimation. Under the SAE approach, the engineering estimates of measure savings—
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which are the estimates assigned to each installed measure by SBDI Program implementers and 
recorded in each PA program tracking system—are included as an explanatory variable in the 
regression equation, with billed average daily electricity consumption as the dependent variable. 
The estimated coefficient on the engineering estimate of savings is therefore interpreted as the 
realization rate. That is, the coefficient indicates the percentage of the engineering estimate of 
energy savings that is actually achieved, or realized, on average.  

Algebraically, the general SAE realization rate model is specified as follows: 

  (Equation 1) 

Where: 

 = The average daily consumption of participant ‘i’ in that participant’s 
billing period ‘t.’ Note that billing periods are typically about 30 days, but 
are not homogenous across participants (e.g., one participant’s first billing 
period may be from July 1 to July 28 while another’s is from July 5 to 
August 1). 

 = The fixed effect for participant ‘i.’ This captures the impact of all time-
invariant characteristics of participant ‘i.’ 

and  = The estimated impact of average daily CDDs and HDDs on the average 
daily consumption of participants. 

 = The average daily HDDs per day observed for participant ‘i’ in period ‘t.’ 

 = The average daily CDDs per day observed for participant ‘i’ in period ‘t.’ 

 = The estimated realization rate. 

 = The total average daily deemed savings to be achieved by participant ‘i’ in 
period ‘t.’ This is 0 for all periods prior to the installation of any measures, 
and following installation is the sum of the average daily deemed savings 
across four measure categories.18 

 = Errors; the portion of participant ‘i’s consumption in period ‘t’ that cannot 
be explained by any of the independent variables included in the equation. 
In a well-specified equation, this should be random noise. 

Equation 1 is similar for each of the models we estimated. The Team estimated alternate versions 
of the model for each of the following dimensions:  

 Realization Rate by PA. We estimated this using Equation 1, but only including the data 
which indicate the associated PA for each customer. 

 Realization Rate by Measure Category. The team estimated the overall realization rate 

by measure category using Equation 1, except that four variables replaced the  

                                                 
18 This report frequently refers to the pre-period and the post-period. The pre-period for a given participant 

occurred prior to the first installation of SBDI conservation measures. The post-period for a given participant 
occurred following the last installation of SBDI conservation measures. 
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variable, representing the average daily deemed savings for participant ‘i’ of each of the 
four measure categories: lighting fixtures, lighting controls, refrigeration and other 

 Realization Rate by Customer Size. The Team estimated the overall realization rate by 
customer size using Equation 1 but only including the data for the customer size 
category. 

 Realization Rate by Business Type. The Team estimated the overall realization rate by 
customer business type using Equation 1 but only including the data for the customer 
business type category. 

As with all billing analysis approaches, the SAE fixed-effects regression model implicitly 
assumes that there are no other factors correlated with the savings variables: that is, that all the 
factors affecting consumption were included in the regression equation. Since savings are always 
zero in the pre-period and positive in the post-period, any other missing variable that affects 
energy consumption and varies between the pre- and post-periods would bias the realization rate.  

On average, we expect variables like economic activity to be relatively stable in a short time 
horizon. However, as explained below, this assumption was disproved for the 2009-2011 period 
by increased vacancy rates in the commercial sector.  

Data Screening 
Data screening is a standard feature of all billing analyses. This is the procedure by which 
participants or observations that are deemed to be unreasonable or that might potentially bias 
results are excluded from the analysis. The text below summarizes each of the data screens The 
Evaluation Team applied in estimating the fixed-effects SAE realization rate models, and details 
the number of participants excluded at each screening stage. 

Screen A was for very general and widely accepted screens ensuring that unreasonable data 
(e.g., negative consumption readings) and customers with too few billing periods were excluded 
from further analysis. With Screen A, The Team removed the following from the dataset: 

 Participants that were found to have negative consumption for any billing period. 

 Participants that had fewer than three months of pre-period or post-period billing data. 

 Participants whose post-period average daily consumption was less than 50% of their 
average pre-period consumption, or more than one-and-a-half times their average pre-
period average daily consumption. 

 Observations (meter readings) with meter read dates prior to January 1, 2009 or more 
than one full year prior to participation. 

 Observations that occurred in periods between the first and final installations of 
conservation measures. 

As a result of Screen A, the number of participants included in the sample was reduced by nearly 
22%, from 9,615 participants to 7,500 participants (Table 8). 
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Table 8. Reduction in Sample Participants Following Screen A 
Program 
Administrator 

# of Participants 
Pre-Screen A 

# of Participants 
Post-Screen A 

Change in # of 
Participants 

% of Participants 
Post-Screen A 

Cape Light Compact 461 325 136 4% 
National Grid 3,282 2,643 639 35% 
NSTAR 4,935 3,703 1,232 49% 
Unitil 85 55 30 1% 
WMECO 852 774 78 10% 

Total 9,615 7,500 2,115 100% 

 
In previous versions of the analysis, a “Screen B” was used to eliminate the small number of 
remaining Unitil and CLC participants from the sample. The screen removed these participants 
based on the evaluator’s judgment that these sites experienced additional exogenous effects that 
were not representative of the statewide program. After discussion with the PAs and EEAC 
consultants, Screen B was dropped from the analysis. Removing the screen dropped the 
statewide realization rate from 67% to 66%. To maintain consistency between documents, we 
preserved the screen nomenclature for the remaining screens. Therefore, Screens C and D are the 
second and third participant screens. 

Screen C excluded participants with an engineering estimate of savings greater than 50% of their 
average daily consumption in the pre-period from the sample. 

This screen is typically imposed in deference to simple reasonableness: it is highly unlikely that 
a participant’s savings would reduce their electricity consumption by 50% or more through 
installing the conservation measures in the SBDI Program. To achieve this 50% savings or more, 
a participant would need to replace all of the electricity consuming devices on their premises 
with ones that, on average, save at least half of the consumption of the base measures. This 
assumption is not supported by the measures installed in the program, and would therefore 
suggest either an error in the savings calculation, or that the participant’s consumption data are 
incomplete (e.g., not all meters are accounted for).  

Although weather could account for some changes in consumption, it seems likely in most cases 
where estimated savings exceed 50% of pre-period average consumption that some other 
exogenous change occurred for which The Evaluation Team has insufficient information to 
control. For this reason, we excluded these participants from the sample. 

As a result of Screen C, the number of participants included in the sample fell by approximately 
16%, from 7,500 participants to 6,299 participants. Table 9 shows the change in participants by 
PA. 
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Table 9.Reduction in Sample Participants Following Screen C 
Program 
Administrator 

# of Participants 
Pre-Screen C 

# of Participants 
Post-Screen C 

Change in # of 
Participants 

% of Participants 
Post-Screen C 

Cape Light Compact 325 294 31 5% 
National Grid 2,643 2,245 398 36% 
NSTAR 3,703 3,045 658 48% 
Unitil 55 44 11 1% 
WMECO 774 671 103 11% 

Total 7,500 6,299 1,201 100% 
 
Screen D is considerably more sophisticated than Screens A-C, and The Team relied on a series 
of auxiliary regressions for each individual participant to determine whether to exclude 
additional participants from the sample as outliers. A more in-depth description of the Screen D 
method is contained in Appendix A, but broadly speaking Screen D relies on regression analysis 
and significance testing at the individual participant level. The Evaluation Team excluded 
participants whose post-period consumption was significantly impacted by something other than 
the weather or the installation of conservation measures from further analysis if the following 
occurred: 

 The installation of conservation measures resulted in a statistically significant increase in 
the participant’s weather-normalized average daily consumption 

OR 

 The installation of conservation measures resulted in a statistically significant decrease in 
the participant’s weather-normalized consumption of more than two times the 
engineering estimates of average daily savings. 

The first part of the screen was a straightforward adjustment for electricity consumption 
increasing when the model theory and available data suggest it should decrease. For the second 
part of Screen D, The Team applied symmetry to the first adjustment, since a 200% realization 
rate is the same distance from the expected savings (100% realization rate) as the 0% rate in the 
first bullet. This is shown in Figure 14.  
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Figure 14. Distribution of Individual Participant Realization Rates Prior to Screen D 

Figure 14 also reveals the asymmetry in realization rates across participants. The distribution is 
skewed toward negative or low realization rates following participation, a situation that is not 
entirely resolved by Screen D even though the number of participants included in the sample was 
reduced by nearly 59% (from 5,961 participants to 2,445 participants) using this common sense 
screen. Table 10 shows the change in participants by PA following Screen D. 

Table 10.Reduction in Sample Participants Following Screen D 
Program 
Administrator 

# of Participants 
Pre-Screen D 

# of Participants 
Post-Screen D 

Change in # of 
Participants 

% of Participants 
Post-Screen D 

Cape Light Compact 294 97 197 4% 
National Grid 2,245 873 1,372 34% 
NSTAR 3,045 1,212 1,833 47% 
Unitil 44 18 26 1% 
WMECO 671 360 311 14% 

Total 6,299 2,560 3,739 100% 

 

Results 
For this section of the report, we provide the estimated realization rates for the SBDI Program 
and compare the estimates to other billing analyses of similar programs.  

The overall estimated statewide realization rate is 66%. As shown in  

Figure 15 by the dashed grey line that indicates the overall SBDI Program average, there is some 
variation in the estimates by PA.  
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Figure 15. Realization Rate by PA 
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There are two primary explanations for this relatively low realization rate:  

1. Exogenous factors that The Evaluation Team lacked the data to control for (e.g., 
vacancies in the pre-period), which would lead to an omitted variable and thus biased 
(and unreliable) estimates, and/or 

2. Engineering estimates that are too high, either because they do not account for changes in 
baseline consumption or because of inaccurate estimates of measure inputs, such as 
connected demand reduction or lighting HOU. 

The remainder of this chapter addresses these hypotheses in the context of presenting additional 
results and data. 

Realization Rates by Measure Category 
Table 11 shows the realization rate by measure category. Many participants had more than one 
type of measure installed, so the sum of participants by measure category is larger than the total 
number of participants in the sample. 

Table 11. Estimated Realization Rates by Measure Category* 
Measure Category # of Participants Realization Rate 
Lighting Fixtures 2,397 67% 

Lighting Controls 807 70% 

Refrigeration 504 89% 

Other 263 48% 

Overall Total/Average 2,560 66% 

* Many participants had more than one type of measure installed, thus the overall total is less than the measure category sum. 
 
As expected given the preponderance of lighting measures in the sample, the realization rates for 
the two categories of lighting measures are very close to the overall average realization rate. On 
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the whole, however, the realization rates are lower than what would be expected with reasonably 
accurate engineering estimates and given the results of the meter-based non-controls lighting 
fixture impact evaluation.  

Realization Rate by Customer Size 
Table 12 shows the realization rate by the size of participants’ energy usage, defined by their 
average peak demand. As expected, the average realization rate for the size group with the most 
participants is nearly identical to the overall estimated realization rate of 66%. It is interesting to 
note, however, that the realization rates of the two larger (but less populous) size categories are 
also very close to the overall average realization rate. This indicates that the factors driving 
realization rates down apply consistently across participant size categories. 

Table 12. Realization Rate by Size of Participant Energy Usage 
Participant Size Category # of Participants Realization Rate 
Less Than 50 kW 2,199 66% 

50 to 199 kW 316 67% 

200 to 299 kW 45 66% 

Overall Total/Average 2,560 66% 

 

Realization Rates by Business Type 
Table 13 presents the estimated realization rates by business type, sorted from highest realization 
rate to lowest. The estimated results presented in Table 13 do not unambiguously support either 
one of the earlier-explained hypotheses for the low realization rates. For example, although the 
high realization rate for the Big Box category could support either hypothesis—1) HOU should 
be relatively easy to estimate and 2) big-box stores tend to be relatively resilient to economic 
downturns that lead to vacancies—the lower realization rates for Hospitals and K-12 Schools 
support neither hypothesis. Hospitals and schools tend to be busy regardless of the economic 
climate and should have relatively consistent HOU over time, making this category easier to 
estimate accurately than, for example, the HOU of businesses in the Automobile category. 
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Table 13. Realization Rate by Business Type 
Business Type # of Participants Realization Rate 
Big Box 19 107% 
Unknown 289 96% 
Automobile 193 86% 
Religious 5 84% 
Small Retail 564 83% 
Grocery 93 81% 
Fast Food 23 78% 
Warehouse 47 74% 
Multifamily low-rise 50 71% 
Light Industrial 125 66% 
Hospital 45 66% 
Heavy Industrial 29 66% 
University 19 65% 
Other 260 62% 
Full Service Restaurant 156 61% 
Multi Story Retail 16 58% 
Small Office 508 56% 
Large Refrigerated Space 5 55% 
K-12 Schools 58 53% 
Large Office 37 51% 
Dormitory 2 39% 
Assembly 9 38% 
Hotel 8 14% 
 

Comparisons to Other Billing Analyses for Similar Programs  
The estimated realization rate from billing analysis is much lower than that determined for 
previous studies of the Massachusetts’ SBDI Program: 

 Billing analyses conducted for the Massachusetts small commercial and industrial 
programs from 2003 and 2007 resulted in PA-specific realization rates ranging from 86% 
to 104%.  

 As shown in the Non-Controls Lighting Evaluation: Multi-season Study section of the 
report, the post-installation metering study for lighting fixtures installed in 2010—which 
were the predominant measure in the program—resulted in a statewide energy realization 
rate of 102%. 

The Evaluation Team also reviewed similar billing analyses performed in other states. Figure 16 
shows the results of other billing analyses Cadmus and others conducted for similar small 
commercial energy-efficiency programs in other states. This benchmarking revealed that the 
results of this study are on the low end of the range of other small commercial lighting billing 
analyses.  
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Figure 16. Comparison of Billing Analysis Realization Rates* 
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*Note: Full citations can be found in the References section. 

 

Observations and Recommendations 
The 2012 SBDI Program billing analysis-based savings estimates stand in stark contrast to the 
metering study, and to other billing analyses for similar programs. As noted earlier, these 
differences could be due to omitted variables in the fixed-effects SAE regression model or the 
engineering estimates themselves.  

The lighting HOU estimates and related savings assumptions in the metering study and reviews 
of program tracking data yielded a realization rate of 100%. In other words, the program tracking 
data and the results metering study do not support the hypothesis that the engineering estimates 
are overstated. The Evaluation Team therefore conducted additional research into economic 
activities over the course of the last several years, focusing on the hypothesis that vacancy rates 
influenced participation and pre-and post-installation energy consumption.  

Commercial Sector Vacancy Rates and Their Influence on DSM 
Program Participation 
As shown in Figure 17, during the pre-participation period covered by the billing analysis (2009 
through 2010), commercial office and retail vacancy rates in the Boston metropolitan area 
increased. These represent the two largest business-type groups included in the billing analysis: 
Small Retail (22% of the sample, and an estimated realization rate of 84%), and Small Office 
(21% of the sample, and an estimated realization rate of 56%).  
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Figure 17. Boston Area Vacancy Rates, 2006-2011 

 
Source: KeyPoint Partners (retail) and NAI Hunneman (office). 

 
The relative realization rates for these market segments are consistent with the vacancy trends in 
Figure 17. The office vacancy rate climbed more than 2% from 2009 to 2010 to 14%, then 
leveled off. Retail vacancy rates rose by 3% from 2008 to 2010, then fell by 1% in 2010 before 
leveling off. The data reveal that vacancies were rising during the pre-participation period, 
consistent with the correlation between program participation and high vacancies shown in the 
next section.  

Correlation of Changes in Vacancy with Program Participation and 
Measure Installation 
There is evidence that a higher incidence of business vacancies may be correlated with 
commercial sector customers participating in retrofit and renovation programs in order to be 
more competitive in a difficult economic environment. In a 2011 report prepared for Southern 
California Edison, Cadmus found that the decision to participate in the program and retrofit a 
building was correlated with higher vacancies within that building. Cadmus found that landlords 
with higher vacancies sought to participate in the program, and that once the new measures were 
in place, the building was more likely to be rented. The report listed vacancy rate reductions as a 
primary driver of commercial energy-efficiency program participation in the current economic 
recovery. 

Major factors that drive increases in energy efficiency in non-residential buildings (and 
renovations) include a desire to reduce utility costs as a component of operating costs, 
particularly in the current market with higher vacancy rates (Cadmus 2011, pp. 2-3). Another 
identified driver for participation is making available facilities attractive to other investors. The 
study concluded that the recent real estate collapse and slow recovery has changed the nature of 
commercial real estate marketplace: 

“In the past, owners did not pay much attention to energy efficiency in ‘build-to-
sell’ construction because sales occurred relatively quickly so energy costs did 
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not have a major impact on the owner. With much of this space standing vacant 
and unable to be sold, there are now new opportunities for energy-efficiency 
programs in the renovation market. One expert explained that most of these 
owners have great interest in lowering their operating costs to reduce losses due 
to vacancy. Little capital is available to make these changes so many of these 
owners are looking for ways to reduce upfront costs, such as utility rebate 
programs. This source claimed that owners now have more patience to deal with 
the time program involvement takes due to the huge pressure to lower costs.” 

The implication for the SBDI Program is that major renovations are likely a significant 
opportunity area, particularly in vacant buildings and build-to-sell structures (Cadmus 2011, pp. 
48-49). 

Finally, one building owner interviewed for the Southern California Edison study indicated that a 
more energy-efficient building is typically easier to lease than less efficient buildings. Half of the 
building owners interviewed said that energy-efficient buildings could be rented for above 
market rates. The study revealed a motive for landlords of vacant properties to participate in the 
program, and showed that shortly after participation, more efficient buildings were more likely to 
be leased. 

Note that all of these findings from the 2011 Cadmus report suggest that rather than being 
correlated with any particular time-period, vacancy (and non-vacancy) in a given building tends 
to be correlated with the building owner’s decision to participate in the efficiency program. This 
means that simple annual dummy variables cannot control for these impacts: the only way to do 
so within a regression model would be to use customer-specific pre- and post-installation 
occupancy data. 

Correlation of Change in Vacancy with Measure Installation Biases 
the Realization Rate 
Unfortunately, the SBDI Program tracking data do not contain sufficient customer-specific data 
for The Evaluation Team to control for vacancies. The PAs do not collect data regarding 
participant occupancy or why customers choose to participate, so The Team cannot explicitly 
control for vacancy within the regression model. Not including this variable leads to omitted 
variable bias, which simply means that leaving an explanatory variable that impacts the 
dependent variable (i.e., energy consumption) out of the regression model will bias all of the 
estimated parameters of variables that are included in the model.  

This bias occurs when the effects of the omitted variable get assigned to the parameters on the 
included variables, in particular to the parameter of the independent variable that the omitted 
variable is most correlated with. If no variable is included to control for participant vacancy, and 
vacancies tend to be correlated with program participation, then the parameter estimate on the 
engineering estimate of savings will attempt to reconcile two counter-veiling impacts on 
consumption. In other words, the parameter estimate will reflect both the fact that consumption 
tends to increase following program participation due to reduced vacancy and that consumption 
tends to decrease following program participation due to the installation of conservation 
measures.  
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In effect, the parameter estimate is the net impact of both an increase in vacancy rates and 
participation in the program, and will thus understate the true program realization rate. More 
formally, recall that the most significant operating assumption under which ordinary least 
squares regression operates is that the error term of the regression is uncorrelated with the 
dependent variable. If this is not the case, then the parameter estimates will be biased. As an 
example, suppose that the true model describing commercial consumption is: 

  (Equation 2) 

Where: 

 = The average daily consumption of participant ‘i’ in that participant’s 
billing period ‘t.’ Note that billing periods are typically about 30 days, but 
are not homogenous across participants (e.g., one participant’s first billing 
period may be from July 1 to July 28 while another’s is from July 5 to 
August 1. 

 = The fixed effect for participant ‘i.’ This captures the impact of all time-
invariant characteristics of participant ‘i.’  

and  = The estimated impact of average daily CDDs and HDDs on the average 
daily consumption of participants. 

 = The average daily HDDs per day observed for participant ‘i’ in period ‘t.’ 

 = The average daily CDDs per day observed for participant ‘i’ in period ‘t.’ 

 = The estimated realization rate. 

 = The total average daily deemed savings to be achieved by participant ‘i’ in 
period ‘t.’ This is 0 for all periods prior to the installation of any measures, 
and following installation is the sum of the average daily deemed savings 
across the following four measure categories.19 

 = The estimated impact on the consumption of a business ‘i’ being vacant in 
period ‘t.’ 

Xi,t = A dummy variable equal to 1 if participant ‘i’s property is vacant during 
time period ‘t,’ and 0 otherwise. 

 = Errors; the portion of participant ‘i’s consumption in period ‘t’ that cannot 
be explained by any of the independent variables included in the equation. 
In a well-specified equation, this should be random noise. 

                                                 
19 This report frequently refers to the pre-period and the post-period. The pre-period for a given participant 

occurred prior to the first installation of SBDI conservation measures. The post-period for a given participant 
occurred following the last installation of SBDI conservation measures. 
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The Evaluation Team estimated the model without the vacancy term (see Equation 1) since these 
data were not available. This means that the error term from Equation 1 is actually given by the 
following: 

  (Equation 3) 

Where: 

e  = Random noise. 

X  = Represents whether or not a business is vacant. 

Note that if ‘X’ is indeed correlated with consumption, then the errors must also be correlated 

with consumption. Furthermore, if ‘X’ is correlated with  (if, on average, the installation 
of measures occurs reasonably close in time to when a business building changes from being 

vacant to being occupied), the coefficient ‘ ’ will be downwardly biased, leading to an 
underestimated realization rate. 

Recommendations for Future Impact Evaluation 
Lighting fixture and controls retrofit projects continue to account for the majority of SBDI 
Program savings and should continue to be rigorously evaluated. Impact evaluations will become 
increasingly important as the program evolves to reach new participants and deeper savings for 
returning participants and as program contractors are pushed to reach higher savings goals. In 
their 2013-2015 Energy Efficiency Program Plan, the PAs expect to achieve 86% of the planned 
program savings through lighting retrofit projects.  

For evaluation purposes, metering studies that involve on-site verification of installed equipment 
and long-term metering of key parameters (such as run time) remain a strongly supported 
evaluation method. These studies provide good verification data and program insights from the 
on-site activities, and The Evaluation Team agrees that metering is the preferred approach for 
assessing the SBDI Program in the absence of tracked vacancy data.  

Billing analysis evaluation methods provide the advantages of being low-cost, have a short 
schedule, and include a majority of program participants. They can also incorporate other factors 
influencing energy consumption—such as vacancy rates and operating hours before and after 
program participation—as long as those variables are available in the program tracking data. As 
The Team observed in this analysis, the absence of key variables prevented the isolation of 
impacts attributable to the SBDI Program. Therefore, in order for billing analyses to remain a 
viable option, the PAs need to collect additional data at the time of implementation, including 
answers to the following questions: 

 Is the lighting retrofit a standalone project, or part of a building renovation or addition? If 
a renovation, is lighting going into areas of the building such as attics or basements that 
were previously rarely used? What was the usable square footage before and after the 
renovation or addition? 

 For lighting retrofit, what was the vacancy rate at the time of installation? What is the 
vacancy rate after installation?  

 Have the operating hours changed recently or are they expected to change soon?  
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The collection of post-installation occupancy rates requires additional effort. Data collection may 
be conducted through phone surveys or mail-in cards. If this effort were to be undertaken as a 
normal part of the implementation process, then it could include other useful data such as 
customer satisfaction, future renovation plans, etc. 

For renovation projects, The Evaluation Team will want to confirm the amount of nearly empty 
space (high vacancies) before participation, record how long the entire renovation took, note 
vacancy rates before the renovation project started, and ask the questions listed above for the 
post-installation period. 
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RESULTS 

This chapter summarizes the evaluation findings from 2010-2012 and the recommended impact 
factors for the Massachusetts PAs 2013-2015 SBDI Program, then describes how the evaluation 
results are used in the 2011 Plan Version Technical Reference Manual and are used for 
calculating adjusted gross savings. These findings, results, and recommendations are based on 
the three impact evaluations performed by The Evaluation Team from 2010-2012. 

Evaluation Results for 2013-2015 Planning 
Table 14 shows the final evaluation results recommended by The Evaluation Team for the 2013-
2015 energy-efficiency plan and future years’ reporting. 

Table 14.Recommended SBDI Program Impact Factors for 2013-2015 
Factor Description Lighting Fixtures* Lighting Controls** 
Electric Energy Impacts 
kWh RR Energy realization ratei 96% 43% 
HVACELEC HVAC interaction factor, electric heating 106% 99% 
Total combined energy realization rate (kWh RR x HVACELEC) 102% 42% 
%kWh On-Peak Percent energy savings on-peak 69% 65% 
Electric Demand Impacts 
kW RR Connected kW realization ratei 99% 92% 
CFSP Coincidence factor, summer peaki,ii 66% 17% 
CFWP Coincidence factor, winter peaki,ii 44% 13% 
HVACSP HVAC demand interaction factor, summer on-peak 110% 107% 
HVACWP HVAC demand interaction factor, winter on-peak 100% 96% 
Total combined summer kW realization rate (kW RR x CFSP x HVACSP) 72% 17% 
Total combined winter kW realization rate (kW RR x CFWP x HVACWP) 44% 11% 
Non-Electric Impacts 
HVACGAS HVAC interaction factor, gas heat (MMBtu/kWh)iii -0.001075 -0.000743 
HVACOIL HVAC interaction factor, oil heat (MMBtu/kWh)iii -0.000120 -0.000132 
* Source: Table ES-1 of the Non-Controls Lighting Evaluation for the Massachusetts Small Business Direct Install Program: 
Multi-Season Study report, Appendix B. 
** Source: Table ES-2 of the Small Business Direct Install Program: Pre/Post Lighting Occupancy Sensor Study report, Appendix 
C. 
i This only includes lighting impacts, not HVAC interaction impacts. 
ii Statewide coincidence factors are for on-peak capacity periods. 
iii The HVAC gas and oil impacts are negative values because the reduction in lighting operation reduces waste heat generated 
and results in an increased space heating load. 
 
The Team based our recommended evaluation results on the two meter-based evaluations of 
lighting fixtures and lighting controls: they do not include findings from the program billing 
analysis. 

We did not adopt the results of our billing analysis due to identifying biases that we could not 
remove from the analysis. The Evaluation Team provided a memorandum to the PAs and 
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EEAC’s EM&V consultants discussing this issue and the recommendation to not adopt the 
billing analysis results.20 

For non-lighting measures, which make up less than 10%21 of the SBDI Program annual savings, 
we recommend maintaining the existing impact factors and conducting a future impact 
evaluation of these measures if they have an increased share of the program savings. 

Evaluation Results in the Technical Reference Manual 
The evaluation results listed in Table 14 replace the energy and demand realization rates (RRE, 
RRSP, and RRWP) and summer and winter peak coincidence factors (CFSP and CFWP) in the TRM 
impact factors tables for SBDI measures in the following measure categories:  

 C&I Electric Efficiency Measures – Lighting – Lighting Fixtures 

 C&I Electric Efficiency Measures – Lighting – Lighting Controls 

In addition, the gas and heating oil factors should be updated for the calculation of non-electric 
impacts. 

The following sections describe how evaluation impact factors in Table 14 are used to calculate 
adjusted gross savings and non-electric impacts. 

Electric Impact Formulas 
Program adjusted gross impacts are calculated by applying the total combined energy and 
demand realization rates to the program gross energy and demand tracking estimates, 
respectively:  

Adjusted gross energy impacts are calculated by applying the kWh realization rate (kWh RR) 
and the HVAC electric interaction factor (HVACELEC) to the tracking gross energy savings.  

 

Similarly, summer and winter peak demand impacts are calculated by applying the connected 
demand realization rate (kW RR), peak coincidence factor (CFSP for summer, CFWP for winter) 
and HVAC demand interaction factor (HVACSP for summer, HVACWP for winter) to the 
tracking connected kW savings. 

 

 

The statewide coincidence factors are based on the ISO-NE on-peak capacity periods; the 
WMECO coincidence factors are based on the ISO-NE seasonal peak capacity periods.  

                                                 
20 The memorandum is provided in Appendix C. Memorandum: 2012 Billing Analysis Findings and 

Recommendations. 
21 The Team based this percentage on a review of National Grid’s 2011 program reported savings by measure 

category. 
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The HVAC electric interaction energy and demand impacts are calculated as average values over 
all sites in the 2010 population, so the impact factors should be applied to all sites regardless of 
whether the site is electrically cooled and/or heated. 

Non-Electric Impact Formulas 
Non-electric impacts are claimed for lighting efficiency measures due to the impact of the 
reduced waste heat from lighting retrofits on a customers’ heating consumption. Natural gas and 
heating oil impacts are calculated by applying the gas and oil HVAC interaction factors 
(HVACGAS and HVACOIL) to the adjusted gross kWh: 

 

 

The Team calculated gas and oil heating energy impacts as average values over all sites in the 
2010 population, so the impact factors should be applied to all sites, regardless of the heating 
fuel type at each site or whether the site is heated. 

Conclusions and Recommendations 
Based on the findings of the evaluations performed during 2010-2012, we offer the following 
recommendations for the SBDI Program. 

Tracking Program Data 
The following observations and recommendations focus on what program data the PAs collect 
and how it is tracked for reporting and evaluation purposes.  

The PAs should require that all program implementers provide project savings data in a common 
format, and at a minimum collect the following common data fields for all lighting measures: 

 Building type (ideally from a discrete menu of options) 

 Measure location 

 Space type (ideally from a discrete menu of options) 

 Pre-retrofit quantity of fixtures 

 Pre-retrofit fixture type 

 Pre-retrofit fixture wattage 

 Pre-retrofit operating hours22 

 Post-retrofit quantity of fixtures 

 Post-retrofit fixture type 

                                                 
22  Pre-retrofit hours are only required for lighting controls projects but could be informative for non-controls 

projects that may change operating hours after the SBDI project. The TRM specifies an hours reduction value 
for lighting controls savings calculations, which can be calculated by comparing the pre and post operating 
hours from this list.  
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 Post-retrofit fixture wattage 

 Post-retrofit operating hours 

Energy Savings Calculations 
The following observations and recommendations focus on how program impacts are estimated. 

The PAs should continue efforts to align savings calculation methods. During our review of PA 
tracking data, The Evaluation Team found that the PAs employ different methods for calculating 
energy and demand impacts from their lighting systems and controls projects. Developing 
consistent and transparent calculation methods will improve program tracking and evaluation 
efforts. 

National Grid and WMECO consistently perform savings calculations within their tracking 
databases, using the appropriate Technical Reference Manual algorithms and with project 
parameters being provided by program contractors. CLC and Unitil rely on their program 
contractors to perform the savings calculations limiting those PAs’ ability to ensure complete 
data tracking and monitor the savings calculations. For all prescriptive measures, NSTAR 
accepts the energy and demand savings values calculated by program vendors using the 
established measure codes and savings values. For custom measure applications, NSTAR 
performs verification calculations in its tracking system.    

To ensure complete and consistent tracking of all critical data parameters and to assist in the 
implementation and evaluation verification processes, the PAs should adopt a common data 
collection protocol requiring that program implementers provide a consistent set of data (using 
the suggested list of parameters above) for each project. PAs who do not process these data in a 
data tracking system should require that these data be provided in a spreadsheet or other format 
that facilitates verification of savings calculations.  

Future Evaluation 
The following observations and recommendations focus on using evaluation findings to inform 
future impact evaluations of the statewide SBDI Program. 

Non-Controls Multi-Season Study 
With the non-controls multi-season study, The Evaluation Team verified that the SBDI Program 
is effectively achieving and accurately predicting the energy and demand impacts of lighting 
system retrofit projects, which represent the majority of program impacts. Impact evaluations of 
SBDI lighting systems have consistently verified realization rates near 100%, indicating that the 
program savings estimates accurately predict energy and demand impacts. 
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Because lighting system projects provide a significant percentage of the portfolio energy impacts 
and summer kW savings to the forward capacity markets, the PAs should continue to routinely 
evaluate this measure. The PAs should keep the following information in mind when performing 
metering studies of lighting system HOU:  

 For this statewide program, HOU data collection in one season combined with customer 
reports of seasonal operating hours is sufficient for evaluating annual operating HOU and 
energy impacts for non-controls lighting fixtures. However, for programs with a high 
percentage of seasonal facilities, evaluations should consider monitoring operations 
throughout multiple seasons to better estimate energy impacts.  

 The PAs should continue summer logging to better estimate the coincidence of efficiency 
measures and demand reductions with critical capacity periods. Since precise estimates of 
summer coincidence factors are increasingly important for both program reporting and 
the PAs’ participation in the ISO-NE Forward Capacity Markets, the PAs should not rely 
on winter HOU data to estimate summer peak period demand impacts. 

Pre- and Post-Installation Lighting Occupancy Sensor Study 
The pre- and post-installation of occupancy-based lighting controls study revealed that the 
impacts of lighting controls vary widely. The Team used post-installation metering to verify that 
the control technology operated as expected; however, the impacts on lighting system HOU 
varied based on pre-installation operating patterns and on whether the lighting system operation 
is conducted by a manual switch control.  

The wide-ranging patterns of pre-installation HOU, including some lighting systems that 
operated less frequently before the controls were installed, were a surprise to the PAs and The 
Evaluation Team, and were only detected with pre-installation metering. For future evaluations 
of control-based efficiency measures, the PAs should continue to perform pre- and post-
installation metering studies in order to capture the true impacts.  

Billing Analysis 
If the PAs want to continue using billing analysis as a method for estimating savings achieved by 
the SBDI Program, we strongly recommend that more detailed information be collected from 
program participants, particularly building occupancy and vacancy. When determining what 
additional data to collect from participants, the PAs should carefully consider what exogenous 
changes to commercial building consumption tend to be correlated with participation in an 
energy conservation program. Data regarding all such changes should be collected to ensure that 
defensible savings estimates can be obtained via billing analysis. 

If obtaining such data is unfeasible, The Evaluation Team recommends that the PAs consider 
only using billing analyses in cases where it is highly unlikely that any exogenous factors 
correlate with the implementation of energy conservation measures. In practice, billing analyses 
would likely only be appropriate in cases where participants are highly homogenous and have 
consistent patterns of consumption (e.g., all participant buildings are government offices). 
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APPENDIX A. BILLING ANALYSIS SCREENING 
DETAILS 

The Evaluation Team excluded participants whose post-period consumption was significantly 
impacted by something other than the weather or the installation of conservation measures from 
further analysis if the following occurred: 

 The installation of conservation measures resulted in a statistically significant increase in 
the participant’s weather-normalized average daily consumption 

OR 

 The installation of conservation measures resulted in a statistically significant decrease in 
the participant’s weather-normalized consumption of more than two times the 
engineering estimates of average daily savings. 

The first part of the screen was a straightforward adjustment for electricity consumption 
increasing when the model theory and available data suggest it should decrease. For the second 
part of Screen D, The Team applied symmetry to the first adjustment, since a 200% realization 
rate is the same distance from the expected savings (100% realization rate) as a 0% rate.  

Ultimately, The Team conducted Screen D because if the relationships estimated using only the 
pre-period data cannot be used to reasonably predict the post-period consumption—after 
accounting for the fact that the installed conservation measures may deliver between zero 
savings and twice the deemed savings—then evidence exists that some exogenous factor(s) is 
affecting that participant’s consumption. Without knowing what this exogenous factor(s) is, and 
lacking accurate details about its effect, The Team cannot control for it by including it in our 
regression equation.  

Not controlling for an effect (i.e., not including a variable representing that effect in the 
equation) leads to what econometricians call the omitted variable bias. In essence, in trying to 
minimize the total absolute errors of the equation, the regression will produce spurious estimates 
of the effects of variables included in the equation by ascribing the effects of the omitted variable 
to the included variables.  

The steps for Screen D were as follow: 

Step 1.For each participant and using only that participant’s pre-installation data, The Team 
estimated the following equation: 

  Equation B-1 

All the variables and parameters in Equation B-1 have the same interpretations as in Equation 1, 

except the , which in Equation 1 represents the fixed effect of participant ‘i,’ but in Equation 
B-1 is just the intercept term. Note that The Team re-estimated this equation for each participant 
in the sample, and it only includes values prior to the installation of conservation measures, 
whereas we estimated Equation 1 for all participants at once and included both pre- and post-
period observations. 
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Having estimated this equation, we obtained parameter estimates for all the coefficients, as 
indicated by hats: 

  

  

  

Step 2. In this step, The Team used the parameters we estimated in Step 1 and the observations 
of CDDs and HDDs in the post-period only to calculate predicted consumption for each 
participant in the post-period. What we calculated in this step is the average consumption for 
each customer in each period ‘t’ of the post-period that the relationships estimated in the pre-
period would predict, given the actual HDDs and CDDs observed in those periods. 

Algebraically, for each individual participant, The Team calculated a series of values using 
this equation: 

  Equation B-2 

Step 3.Having calculated predicted values of consumption, and given actual HDDs and CDDs 
and the relationships between HDDs and consumption and CDDs and consumption in the pre-
period, The Team calculated the difference between these values and the actual observed values. 
These differences will be referred to as the residuals and are calculated for each participant as: 

  Equation B-3 

If the pre-period relationships were the perfect predictors of consumption, the difference between 
should be less than by the amount of energy savings produced by the SBDI energy 

efficiency project. 

Step 4.The Team used the following assumption for this step: 

All else equal, the installation of conservation measures will not 
increase a participant’s average daily electricity consumption.  

This assumption leaves the possibility open that measure installation does not change a 
participant’s average daily consumption whatsoever: that the measures installed do not deliver 
any energy conservation. The assumption is only that these measures will not increase 
consumption, all else equal. 

If it can be shown, after controlling for weather, that the average of the residuals calculated for a 
given participant in Equation B-3 is statistically significantly greater than 0, then, as per our 
assumption above, it seems highly likely that there is some exogenous change in the data 
generating process that the calculations are not controlling for and The Team does not have the 
data to control for. In this case, the participant would distort the overall estimated realization rate 
and should be excluded from the sample. 
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More formally, for each participant, The Team tested the following null hypothesis: 

  Equation B-4 

Where: 

 = The average of the residuals calculated in Equation B-3 for the participant. 

If this null hypothesis cannot be rejected, The Team excluded that participant from the sample. 
Note that this test meant that participants that implicitly failed to achieve any statistically 
significant savings after controlling for weather were still included in the sample. The Team only 
excluded those participants that statistically significantly increased their consumption in the post-
period compared to the pre-period, after controlling for weather. 

Step 5.This step was very similar and is incremental to the previous step. The Team used the 
following assumption, which is parallel to the assumption from Step 4: 

All else equal, the installation of conservation measures will not 
decrease a participant’s average daily electricity consumption by 
more than twice the engineering estimate of savings.  

This is a more restrictive assumption than that used in Step 4, but was included to ensure a 
parallel structure and to ensure that no upward bias is imposed on estimates of the realization 
rate. 

In this case, The Team tested the hypothesis as: 

  Equation B-5 

Where: 

 = The total average daily deemed savings to be achieved by participant in 
period. This is 0 for all periods prior to the installation of any measures, 
and following installation is the sum of the average daily deemed savings 
across all four measure categories. 

If it is not possible to reject the hypothesis in Equation B-5, then The Team excluded the 
participant being tested from the sample. 
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EXECUTIVE SUMMARY 

The Massachusetts Small Business Direct Install (SBDI) program provides a turnkey process, 
whereby a single contractor conducts an audit and then recommends and installs energy-saving 
measures for the customer. Eligible measures include lighting equipment upgrades, lighting 
controls, refrigeration controls, and gas-efficiency measures.  

The Cadmus Group, Inc. and Energy & Resource Solutions (ERS) conducted this impact 
evaluation to provide independent estimates of annual energy savings and peak demand impacts 
for a single type of installed measure: replacement of lighting fixtures without controls.1 Based 
on an extrapolation of eight months of project data from 2010, non-controls lighting measures 
implemented through the SBDI program offered by the Massachusetts Energy Efficiency 
Program Administrators (PAs) accounted for 38,938 MWh of energy savings and 10.3 MW of 
connected kW savings in program year (PY) 2010, or 81% of the program’s energy impacts and 
75% of demand impacts.  

This impact evaluation was performed in two parts:  

• The winter study involved a complete analysis of the PAs’ non-controls lighting 
measures implemented in PY 2010, including review of tracking savings calculations, 
verification of lighting fixture installations, and collection of lighting time-of-use (TOU) 
data during winter 2010-2011 for 126 sites sampled across the state.2  

• The multi-season study included a return visit to 28 of the sampled sites for which 
seasonal variation in lighting TOU was expected. Lighting TOU data were collected for 
these sites during summer-fall 2011 and integrated into the winter study for a 
comprehensive analysis of annual operating hours and summer peak coincidence factors. 

Many previous lighting evaluations have relied on TOU data collected during non-summer 
seasons for estimating annual operation and summer peak coincidence factors. The PAs were 
interested in collecting data during the summer to directly measure lighting operation during this 
peak period, develop a better understanding of annual operation for seasonal sites, and improve 
evaluation estimates of the SBDI program impacts.3 

This report presents the results of the multi-season study, compares the multi-season savings 
results to the results of the winter study, and discusses the differences in lighting operation 
observed during the seasons. Cadmus calculated the documentation adjustment based on raw 
program data and the technology and quantity adjustments using data collected on the original 

                                                 

1  Cadmus and ERS are performing a parallel impact evaluation for the lighting controls measures implemented 
through the PAs’ SBDI programs. 

2  The results of the original winter study analysis, completed in summer 2011, were presented in Non-Controls 
Lighting Evaluation for the Massachusetts Small Commercial Direct Install Program. The winter study results 
presented in this report are revised based on corrections to the original analysis and updates to the analysis 
model and methodology.  

3  In this study, seasonal sites are defined as sites with either reported or expected variation in operating schedules 
between seasons (e.g., school or summer camp). 
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site visits. We then used multi-season lighting logger data to evaluate annual operating hours and 
calculate coincidence factors for peak periods, and we applied those data to calculate operation, 
coincidence, and HVAC interaction adjustments to energy and demand savings estimates. 
Results are presented for the following stratifications:  

• Statewide across all electric PAs—NSTAR Electric and Gas, National Grid USA, Cape 
Light Compact (CLC), and Unitil/Fitchburg Gas & Electric, except Western 
Massachusetts Electric Company (WMECO). WMECO included interactive cooling 
benefits directly in gross kWh and kW savings values and used summer and winter 
seasonal demand, unlike the other PAs, which used summer and winter on-peak 
demand.4 Because these differing approaches do not allow for a direct comparison of 
results, WMECO was not included in the statewide or the two kW tier stratifications. 

• Facilities with average demand up to or over 50 kW. For the reasons cited above, 
WMECO was not included in this analysis. 

• Each of the five electric PAs— NSTAR, National Grid, CLC, Unitil, and WMECO. 

Results 
The following sections describe the statewide program impact factors, based on the multi-season 
study results, the impact formulas used to apply the impact factors to tracking energy and 
demand data, and comparisons of the energy and demand realization rates from the multi-season 
and winter studies. 

Multi-Season Study Impact Factors 
The multi-season study results are based on lighting TOU data collected during three seasons and 
direct measurements of lighting coincidence during the summer and winter peak periods. The 
winter study calculates all program impacts based on data collected during the winter season 
only. The Massachusetts PAs will use the results of the multi-season study for future program 
planning and reporting.  

Table ES-1 shows the statewide impact factors from the multi-season study, including 
descriptions and relative precision for each factor.5 The table is followed by the formulas used to 
apply each factor to tracking energy and demand savings to calculate program impacts.  

                                                 

4  Summer on-peak is 1:00 to 5:00 p.m. on non-holiday weekdays in June, July, and August; Winter on-peak is 
5:00 to 7:00 p.m. on non-holiday weekdays in December and January. Summer and winter seasonal peak is 
when the real-time system hourly load is equal to or greater than 90% of the most recent “50/50” system peak 
load forecast for June to August and for December to January, respectively. 

5  Results by kW tier and Program Administrator are provided in the main report. 
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Table ES-1. Summary of Impact Factors, Statewide and WMECO 

Factor Description Statewide WMECO 
kWh RR Energy realization ratei 96% 72% 

HVACELEC HVAC interaction factor, electric heat 106% 102% 

Total combined energy realization rate (kWh RR x HVACELEC) 102% 73%iv 

%kWh On-Peak Percent energy savings on-peak 69% 70% 

kW RR Connected kW realization ratei 99% 98% 

CFSP Coincidence factor, summer peaki,ii 66% 60% 

CFWP Coincidence factor, winter peaki,ii 44% 43% 

HVACSP HVAC demand interaction factor, summer on-peak 110% 111% 

HVACWP HVAC demand interaction factor, winter on-peak 100% 97% 

Total combined summer kW realization rate (kW RR x CFSP x HVACSP) 72% 65% 

Total combined winter kW realization rate (kW RR x CFWP x HVACWP) 44% 41% 

HVACGAS HVAC interaction factor, gas heat (MMBtu/kWh)iii -0.001075 -0.000522 

HVACOIL HVAC interaction factor, oil heat (MMBtu/kWh)iii -0.000120 -0.000252 
 

i Includes lighting impacts only; does not include HVAC interaction impacts. 
ii Statewide coincidence factors are for on-peak capacity periods; WMECO coincidence factors are for seasonal peak periods. 
iii HVAC gas and oil impacts are negative values because the reduction in lighting operation reduces waste heat generated in the 
space and results in an increase the space heating load.  
iv The combined energy realization rate for WMECO is lower than the statewide average due to a different methodology for 
estimating HVAC interactive impacts. If WMECO changes its methodology to match that of the other PAs, this energy realization 
rate is no longer valid. 
 

Electric Impact Formulas 
Adjusted gross energy impacts are calculated by applying the kWh realization rate (kWh RR) 
and the HVAC electric interaction factor (HVACELEC) to the tracking gross energy savings.  

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ ∗ 𝑘𝑊ℎ RR * HVACELEC  

The adjusted gross savings realized during the energy on-peak period is calculated by applying 
the percent kWh on-peak impact factor to the adjusted gross energy savings. 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ On-Peak = 𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ ∗ %kWh On-Peak  

Summer and winter peak demand impacts are calculated by applying the connected demand 
realization rate (kW RR), peak coincidence factor (CFSP for summer, CFWP for winter) and 
HVAC demand interaction factor (HVACSP for summer, HVACWP for winter) to the tracking 
connected kW savings.  

Summer Peak kW = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊 ∗ 𝑘𝑊 RR * CFSP * HVACSP  

Winter Peak kW = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊 ∗ 𝑘𝑊 RR * CFWP * HVACWP 
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The HVAC electric interaction energy and demand impacts are calculated as average values over 
all sites in the 2010 population, so the impact factors should be applied to all sites regardless of 
whether the site is electrically cooled and/or heated. 

Non-Electric Impact Formulas 
Gas and oil heating impacts are calculated by applying the gas and oil HVAC interaction factors 
to the adjusted gross lighting energy savings.  

MMBtu Gas = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊h ∗ kWh RR * HVACGAS 

MMBtu Oil = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊h ∗ kWh RR * HVACOIL 

The gas and oil heating energy impacts are calculated as average values over all sites in the 2010 
population, so the impact factors should be applied to all sites, regardless of the heating fuel type 
at each site or whether the site is heated. 

Comparison of Winter Study and Multi-Season Study Results 
Tables ES-2 through ES-7 on the following pages provide comparisons of the of the multi-season 
study and winter study evaluation results for the following parameters:  

• Gross combined energy savings realization rates.  

• Connected kW savings realization rates, and combined summer and winter demand 
savings realization rates that include all demand adjustments. 

• Summer and winter peak demand coincidence factors and peak HVAC interaction 
factors. 

• Percent energy savings during the energy on-peak period. 

Results are presented for both the winter study (using data only from the winter 2010-2011 
logging period) and the multi-season study (using all data from winter logging and summer-fall 
2011 logging). 

Table ES-2 summarizes the gross combined energy realization rates for both studies and across 
different stratifications. The combined energy realization rate includes HVAC interaction 
impacts and all adjustments to the tracking energy savings. As shown in the table: 

• The statewide energy realization rate was 102% for both studies; integration of the TOU 
data collected for sites during the summer-fall did not impact the statewide energy 
realization rate determined from winter data only. 

• Sites with average demand over 50 kW had higher gross realization rates for electricity 
than sites with average demand up to 50 kW in both studies. 

• Energy realization rates for PAs varied from 80% (for WMECO) to 109% (for CLC) in 
the winter study, and from 73% (for WMECO) to 108% (for NSTAR) in the multi-season 
study.  
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• In both studies, relative precision for the statewide energy realization rates was 10% at 
90% confidence. In the multi-season study, relative precision for PAs ranged from 11% 
(for NSTAR) to 20% (for CLC). 

Table ES-2. Summary of Combined Energy Savings Realization Rates6 

Stratification 

Winter Studyiii Multi-Season Studyiv 
Gross kWh  
Combinedii 

Realization Rate 
Relative Precision at 

90% Confidence 

Gross kWh  
Combinedii 

Realization Rate 
Relative Precision at 

90% Confidence 
Statewidei 102% 10% 102% 10% 
>50 kWi 107% 11% 104% 12% 
≤50 kWi 96% 18% 99% 17% 
CLC 109% 19% 100% 20% 
National Grid 96% 18% 96% 18% 
NSTAR 108% 11% 108% 11% 
Unitil 91% 13% 91% 13% 
WMECO 80% 11% 73% 13% 
i Not including WMECO. 
ii Combined realization rates include all lighting and HVAC evaluation adjustments. 
iii Results based on lighting TOU data collected during winter only. 
iv Results based on all lighting TOU data collected (winter, summer, and fall). 
 
Table ES-3 and Table ES-4 summarize the connected kW realization rate and combined summer 
and winter demand savings realization rates. The combined demand realization rates include the 
effects of all connected kW adjustments, lighting coincidence, and HVAC interactive impacts 
during the summer and winter peak periods. The tables show: 

• Connected kW savings had a 99% gross realization rate across the state and varied from 
98% (for CLC and WMECO) to 102% (for Unitil). The connected kW gross realization 
rate includes documentation, technology, and quantity adjustments, but does not adjust 
for coincidence factors or interactive cooling benefit.  

• The statewide combined summer demand realization rate was 74% in the winter study 
and 72% in the multi-season study. The summer demand realization rate includes the 
connected kW adjustments as well as summer coincidence and HVAC interactive 
adjustments. 

• Relative precision for summer demand was 7% at 80% confidence across the state in the 
winter study and 8% at 80% confidence in the multi-season study. Relative precision for 
the multi-season study results ranged from 5% (for Unitil) to 14% (for CLC, National 
Grid, and WMECO).  

                                                 

6  The results of the original winter study analysis, completed in summer 2011, were presented in Non-Controls 
Lighting Evaluation for the Massachusetts Small Commercial Direct Install Program. The winter study results 
presented in this report are revised based on corrections to the original analysis and updates to the analysis 
model and methodology.  
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• The statewide combined winter demand realization rate was 44% in both the winter study 
and in the multi-season study. The winter demand realization rate includes the connected 
kW adjustments as well as winter coincidence adjustments. 

• Relative precision for winter demand was 12% at 80% confidence across the state in both 
studies. Relative precision for the multi-season study ranged from 14% (for NSTAR) to 
36% (for Unitil).  

Table ES-3. Summary of Combined Demand Savings Realization Rates, Summer6 

 Stratification 

Connected 
kW  

Realization 
Rate 

Winter Studyiii Multi-Season Studyiv 
Summer 

Combinedii 
Demand RR 

Relative Precision at 
80% Confidence 

Summer 
Combinedii 
Demand RR 

Relative Precision at 
80% Confidence 

Statewidei 99% 74% 7% 72% 8% 
>50 kWi 100% 82% 7% 77% 8% 
≤50 kWi 97% 65% 13% 64% 14% 
CLC 98% 80% 9% 69% 14% 
National Grid 99% 66% 12% 62% 14% 
NSTAR 99% 84% 7% 85% 7% 
Unitil 102% 99% 6% 101% 5% 
WMECO 98% 69% 15% 65% 14% 
i Not including WMECO. 
ii Combined realization rates include all lighting and HVAC evaluation adjustments. 
iii Results based on lighting TOU data collected during winter only. 
iv Results based on all lighting TOU data collected (winter, summer, and fall). 
 

Table ES-4. Summary of Combined Demand Savings Realization Rates, Winter6 

 Stratification 

Connected 
kW  

Realization 
Rate 

Winter Studyiii Multi-Season Studyiv 
Winter 

Combinedii 
Demand RR 

Relative Precision at 
80% Confidence 

Winter 
Combinedii 
Demand RR 

Relative Precision at 
80% Confidence 

Statewidei 99% 44% 12% 44% 12% 
>50 kWi 100% 52% 14% 50% 14% 
≤50 kWi 97% 35% 21% 35% 21% 
CLC 98% 36% 21% 30% 27% 
National Grid 99% 38% 20% 38% 21% 
NSTAR 99% 51% 14% 51% 14% 
Unitil 102% 31% 36% 31% 36% 
WMECO 98% 44% 19% 41% 19% 
i Not including WMECO. 
ii Combined realization rates include all lighting and HVAC evaluation adjustments. 
iii Results based on lighting TOU data collected during winter only. 
iv Results based on all lighting TOU data collected (winter, summer, and fall). 
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Table ES-5 and Table ES-6, which summarize summer and winter demand lighting coincidence 
factors and HVAC interactive impacts, show the following: 7 

• The statewide summer coincidence factor was 68% in the winter study and 66% in the 
multi-season study. Multi-season study results for PAs ranged from 58% (for National 
Grid) to 86% (for Unitil). 

• The statewide summer coincident HVAC interaction factor was 110% in both studies. 
Multi-season study results for PAs ranged from 108% (for National Grid) to 115% (for 
Unitil and Cape Light Compact). 

• The statewide winter coincidence factor was 45% in the winter study and 44% in the 
multi-season study. Multi-season study results for PAs ranged from 29% (for Unitil) to 
53% (for NSTAR). 

• The statewide winter coincident HVAC interaction factor was 100% in both studies. 
Multi-season study results were 100% for all PAs except WMECO, which has a 
coincident HVAC interaction factor of 97%. 

Table ES-5. Summary of Peak Coincidence Factors, Summer6,8 

 Stratification 

Winter Studyii Multi-Season Studyiii 

Coincidence Factor 
HVAC Interactive  

Factor Coincidence Factor 
HVAC Interactive  

Factor 
Statewidei 68% 110% 66% 110% 
>50 kWi 73% 111% 69% 111% 
≤50 kWi 63% 108% 62% 108% 
CLC 68% 120% 61% 115% 
National Grid 62% 108% 58% 108% 
NSTAR 77% 112% 77% 112% 
Unitil 84% 115% 86% 115% 
WMECO 64% 111% 60% 111% 
i Not including WMECO 
ii Results based on lighting TOU data collected during winter only. 
iii Results based on all lighting TOU data collected (winter, summer, and fall). 

 

                                                 

7   The HVAC interactive factor is the additional coincident electric demand reduction realized from reduced load 
on the facility cooling system, represented as the percentage of total gross lighting connected kW.  

8  All coincidence factors presented represent the evaluated lighting coincidence during the ISO-New England 
defined summer and winter demand on-peak periods, except the values presented for WMECO. The 
coincidence factors for WMECO are calculated using the ISO-New England definitions of summer and winter 
seasonal peak. 
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Table ES-6. Summary of Peak Coincidence Factors, Winter6,9 

 Stratification 

Winter Studyii Multi-Season Studyiii 

Coincidence Factor 
HVAC Interactive  

Factor Coincidence Factor 
HVAC Interactive  

Factor 
Statewidei 45% 100% 44% 100% 
>50 kWi 52% 100% 50% 100% 
≤50 kWi 37% 100% 37% 100% 
CLC 37% 100% 32% 100% 
National Grid 39% 100% 39% 100% 
NSTAR 53% 100% 53% 100% 
Unitil 29% 100% 29% 100% 
WMECO 47% 96% 43% 97% 
i Not including WMECO 
ii Results based on lighting TOU data collected during winter only. 
iii Results based on all lighting TOU data collected (winter, summer, and fall). 

 
Table ES-7, which summarizes the percentage of energy savings achieved during the energy on-
peak period10, shows that statewide energy savings was 68% on-peak in the winter study and 
69% in the multi-season study. For all stratification groups, the percent energy on-peak values 
are similar between the winter and multi-season studies. 

Table ES-7. Summary of Percent On-Peak kWh11 

 Stratification 
Winter Studyii Multi-Season Studyiii 

%On-Peak kWh %On-Peak kWh 
Statewidei 68% 69% 
>50 kWi 70% 71% 
≤50 kWi 67% 67% 
CLC 67% 69% 
National Grid 69% 70% 
NSTAR 68% 68% 
Unitil 66% 66% 
WMECO 71% 70% 
i Not including WMECO 
ii Results based on lighting TOU data collected during winter only. 
iii Results based on all lighting TOU data collected (winter, summer, and fall). 

 

                                                 

9  All coincidence factors presented represent the evaluated lighting coincidence during the ISO-New England 
defined summer and winter demand on-peak periods, except the values presented for WMECO. The 
coincidence factors for WMECO are calculated using the ISO-New England definitions of summer and winter 
seasonal peak. 

10  Percent on-peak kWh is the ratio of total energy savings during the energy on-peak period (6 a.m. to 10 p.m. on 
non-holiday weekdays throughout the year) divided by the total annual energy savings during all hours 
throughout the year. 

11 Percent on-peak kWh is the ratio of total energy savings during the energy on-peak period (6 a.m. to 10 p.m. on 
non-holiday weekdays throughout the year) divided by the total annual energy savings during all hours 
throughout the year. 
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Findings 
Cadmus’ key conclusions and findings are as follows: 

• Gross kWh realization rates were at least 100% across the state, across sites with average 
demand over 50 kW, and for CLC and NSTAR.  

• The statewide gross kWh realization rate is not impacted by the inclusion of summer 
logging data for sites with expected seasonal variation in TOU. For all stratification 
groups, the energy realization rates from the multi-season study were within the 
confidence intervals of the winter study estimates. 

 For SBDI programs with a majority of non-seasonal facilities, TOU data collection in 
one season is sufficient for evaluating annual energy impacts for non-controls lighting 
fixtures. For programs with a high percentage of seasonal facilities, evaluations 
should monitor operation through multiple seasons to better estimate energy impacts. 

• Connected kW realization rates were very close to 100% statewide, for the two kW tiers, 
and for all PAs. These realization rates result from generally accurate measure tracking 
data.  

 Cadmus suggests the PAs continue their recordkeeping and contractor training 
practices, which resulted in small documentation, technology, and quantity 
adjustments. 

• The estimated statewide winter demand coincidence factor of 44% based on all logging 
data is higher than the 2011 Plan Version Massachusetts Technical Reference Manual 
(TRM) winter demand coincidence factor of 37%.12 The data show no HVAC electric 
demand impact during the winter peak period.  

• Based on winter logging data, the estimated statewide summer demand coincidence 
factor is 68% and the total coincidence and HVAC interaction factor is 75% (CFSP * 
HVACSP), similar to the 2011 Plan Version TRM combined summer demand coincidence 
factor of 77%.13 After logging sites with reported seasonal variation in the summer, we 
calculated a statewide summer demand coincidence factor of 66%, and total coincidence 
and HVAC interaction factor of 73% (CFSP * HVACSP).  

• No correlation was found between summer coincidence factors estimated from winter 
data to summer coincidence factors directly measured in the summer. We used winter and 
summer logging data from sites with expected seasonal variation to evaluate the accuracy 
of using logging data from one season to estimate coincidence factors in another season.  

 While many previous lighting evaluations have relied on data collected during non-
summer seasons to estimate summer coincidence factors, this study includes actual 

                                                 

12  The 2011 Plan Version TRM winter peak coincidence factor of 37% was from the 2007 coincidence factor 
reports completed in spring 2007 and includes both lighting and HVAC interactive effects.  

13  The 2011 Plan Version TRM summer peak coincidence value of 77% is from the NEEP lighting load shape 
project completed in summer 2010. This report relied on winter period data collection for estimates of summer 
peak period coincidence. The previous value of 80% included both lighting and HVAC interactive effects; the 
lighting only coincidence factor was 66%. 
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measurements of lighting coincidence factors for one-fifth of the sampled sites and 
almost all seasonal sites. Since precise estimates of summer coincidence factors are 
increasingly important for both program reporting and the PAs’ participation in the 
ISO-New England Forward Capacity Markets, Cadmus recommends that the PAs 
continue summer logging to better estimate the coincidence of efficiency measures 
and demand reductions with critical capacity periods. 

• As noted, WMECO was analyzed separately and removed from statewide analysis due to 
differing approaches to savings calculations.  

 PAs have begun program changes to assure their programs run in the same manner 
across the state (i.e., similar incentive levels and average kW demand limits in the 
Massachusetts SBDI program). Therefore, Cadmus suggests savings calculations be 
aligned. 
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INTRODUCTION 

The Massachusetts Small Business Direct Install Program (SBDI) primarily seeks to provide 
cost-effective, comprehensive electric and gas retrofit services to small business customers on a 
turnkey basis, using the same delivery model throughout the Commonwealth. Eight 
Massachusetts energy-efficiency program administrators (PAs) participate in the program: 

• Berkshire Gas 
• Cape Light Compact (CLC) 
• Columbia Gas of Massachusetts 
• National Grid USA (National Grid) 
• New England Gas 
• NSTAR Electric and Gas (NSTAR)  
• Unitil/Fitchburg Gas & Electric (Unitil) 
• Western Massachusetts Electric Company (WMECO) 

In 2010, all PAs transitioned to a Direct Install (DI) statewide delivery model, in which PAs 
solicit competitive bids for labor and materials, costs of installing lighting equipment upgrades, 
lighting controls, and non-lighting measures (such as refrigeration controls and gas-efficiency 
measures). Through a turnkey process, a single contractor conducts an audit and identifies and 
installs lighting measures for the customer.  

In April 2010, the Cadmus team (The Cadmus Group, Inc., ERS, Opinion Dynamics, and 
Navigant) was selected to evaluate this program. During the May 2010 kick-off meeting, the PAs 
and the Cadmus team agreed to the need for a lighting fixture evaluation after closer examination 
of an overall Northeast Energy Efficiency Partnership (NEEP) lighting load shape study, which 
was then in progress.  

In September 2010, our team was authorized to begin work on the lighting fixture evaluation 
after the NEEP lighting load shape study was found to focus on load shape and not operating 
hours. This impact evaluation, conducted by Cadmus and ERS, provides independent estimates 
of annual energy savings and peak demand impacts for replacements of lighting fixtures. This 
study: 

• Provides adjustments for efficient fixture savings, but does not address savings from the 
installation of lighting controls. Lighting control measures are being evaluated in a 
parallel study. Realization rates in this study can be applied to all fixture measures and to 
controlled fixtures where savings are calculated using base, uncontrolled hours. 

• Does not quantify freeridership or spillover. The study provides gross (not net) 
realization rates. 

As an additional component to the non-controls lighting impact evaluation, summer logging was 
initiated in 2011 to analyze the impact of summer data on the energy and demand savings 
estimates. Many previous lighting evaluations have relied on time-of-use (TOU) data collected 
during non-summer seasons, which are then used to estimate annual operation and summer peak 
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coincidence factors. The PAs were interested in collecting data during the summer peak periods 
to directly measure lighting operation and better understand annual operation for seasonal sites.14 

This impact evaluation was performed in two parts:  

• The winter study involved a complete analysis of the PA’s non-controls lighting 
measures implemented in PY 2010, including review of tracking savings calculations, 
verification of lighting fixture installations, and collection of lighting TOU data during 
winter 2010-2011 for 126 sites sampled across the state.15 In this report, winter study 
results refer to evaluation results using lighting TOU logger data collected during the 
winter period only. 

• The multi-season study included return visits to 28 of the sampled sites for which 
seasonal variation in lighting operating hours was expected. Lighting TOU data were 
collected for these sites during summer-fall 2011 and integrated into the winter study for 
a comprehensive analysis of annual facility operating hours and improved evaluation 
estimates of the SBDI program impacts. In this report, multi-season study results refer to 
evaluation results using lighting logger data collected during both the winter and 
summer-fall periods. 

This report presents the results of the multi-season study, compares the multi-season savings 
results to the results of the winter study, and discusses the differences in lighting operation 
observed during different seasons. The report summarizes the methodologies used to select the 
sample, conduct site visits, and determine adjustments to energy and demand savings estimates 
across the following groupings:  

• Across the entire state (not including WMECO). Unlike other PAs, WMECO kWh and 
kW savings values included interactive effects due to the impact of lighting upgrades on 
operation of HVAC systems. WMECO also used summer and winter seasonal demand, 
while the other utilities used summer and winter on-peak demand. Consequently, 
WMECO was not included in the analysis at the statewide level and across the two kW 
tiers.  

• For facilities with average demand up to or over 50 kW (not including WMECO).16  

• For each of the five electric PAs: NSTAR, National Grid, WMECO, CLC, and Unitil.  

                                                 

14  In this study, seasonal sites are defined as sites with either reported or expected variation in operating schedules 
between seasons (e.g., school or summer camp). 

15  The results of the original winter study analysis, completed in summer 2011, were presented in Non-Controls 
Lighting Evaluation for the Massachusetts Small Commercial Direct Install Program. This report presents 
updated results to that analysis (referred to in this report as the winter study), including corrections to errors in 
the original analysis model and revisions to the analysis methodology. 

16  For customers without demand meters and no monthly demand in their customer records, kW monthly average 
peak demand was estimated by extrapolating from demand data for customers with demand meters and data in 
the customer records. The extrapolation was based upon a relationship developed between kW monthly average 
demand and kWh savings. 
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EVALUATION METHODS 

In this section, the Cadmus team describes the development of the customer sample, site 
recruitment and data collection activities, data analysis methods, and calculations for the energy 
and demand savings parameters. 

Sampling Plan  
The Cadmus team used the following steps in developing the sampling plan for the winter 2010-
2011 data collection period:  

• Selected 2010 Data. As the 2010 program year was the first year of uniform program 
requirements across all PAs and eligibility and incentive levels differed substantially in 
2009 (hence populations may have been systematically different), 2010 was selected for 
sampling and analysis. Given this study’s timeframe, the sample was not drawn from all 
2010 participants but rather from participants through the end of August or September 
2010, depending on the PA.  

• Stratified by Demand Tier and PA. Stratifying the sample by PA and by demand tier 
provided a bridge between past individual PA evaluation results and the single, statewide 
evaluation. Two different facility demand tiers were selected: 1) greater than 50 kW 
average demand; and 2) less than or equal to 50 kW average demand. Less than 50 kW 
demand represented the “Main Street” kW demand tier,17serving as the focus of several 
pilot DI implementation programs across the state. 

• Estimated Sample Size at 130. With a sample size of 130 sites and stratification by PA, 
the program level estimates were projected to exceed the 90% confidence and ±10% 
precision (90/10) target for statewide energy savings and the 80/10 target for demand, as 
shown in Table 1.18 Additionally, a 130-sample size was projected to obtain 90% 
confidence and ±10% precision across the two demand tiers.  

                                                 

17 These pilots targeted communities with a high density of less than 50kW average demand businesses. During the 
pilots, representatives would walk door to door (i.e., walking down Main Street) and talk to small business 
owners about the direct install opportunity. The pilots offered 100% incentives.  

18 Based on recent work completed by Cadmus in the evaluation of similar programs for WMECO, CL&P, and 
United Illuminating, a coefficient of variation (CV) of 0.5 was found to be appropriate for the sample design for 
energy savings.  
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Table 1. Projected Confidence and Precision at 130 Sites 

PA 
Number of 

Participants19 
Planned 
Sample 

Precision (Energy)  
at 90% Confidence 

Precision (Demand)  
at 80% Confidence 

Statewide (including WMECO) 2,663 130 7% 9% 
Cape Light Compact 101 18 18% 16% 
National Grid 981 36 13% 13% 
NSTAR 1,315 44 12% 11% 
Unitil 14 8 19% 19% 
WMECO 252 24 16% 15% 

 
• Used Stratified Ratio Methodology.20 Within each PA, we used a stratified ratio 

methodology (SRM), which applied the tracking estimate of savings as the stratification 
variable. This methodology is well-suited for small commercial programs, where a 
substantial fraction of projects have comparatively low savings, and a small number of 
projects have very large tracking savings. In these cases, simple random sampling 
methods produce a large coefficient of variations in savings. Using a tracking estimate of 
savings as a stratification variable reduces the coefficient of variation of actual savings in 
each stratum and improves the statistical precision. We selected the sample using the 
probability proportional to savings method, resulting in a larger proportion of higher 
saving sites. In using the stratified ratio methodology, NSTAR, National Grid, and 
WMECO sites were placed into four different strata, based on tracked gross kWh; CLC 
sites were placed into three strata; and Unitil sites were placed into two strata.  

Site Visits and Data Collection 
This section describes the Cadmus team’s site visits and data collection activities, including site 
recruitment, interviews with facility personnel, verification of installed lighting equipment, and 
installation of lighting TOU loggers. 

Site Visit Administration 
Based on the sampling plan, we targeted 130 customer sites to participate in this impact study. 
We contacted customers in the primary sample and replaced sampled sites with backup sites as 
needed to reach the target sample size. A total of 174 customers were contacted to participate in 
this study; 48 of these contacted customers were not available or declined to participate. During 
recruitment for evaluation site visits, Cadmus and ERS recorded reasons contacted program 
participants did not agree to a site visit, as shown in Table 2.  

                                                 

19  This was the total number of participants collected from the PAs, as of fall 2010, upon which to draw the 
sample.  

20  For more information, see Chapter 13 of The California Evaluation Framework, Prepared for the California 
Public Utilities Commission and the Project Advisory Group, 2006. 
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Table 2. Reasons for Not Visiting Participant Site 

Reason for Not Reaching Participant 
Number of Primary 
Choice Participants 

Number of Backup 
Choice Participants Subtotal Total 

Five or More Call Attempts – CLC 5 1 6 

23 
Five or More Call Attempts – National Grid 5 2 7 
Five or More Call Attempts – Unitil 1 0 1 
Five or More Call Attempts – WMECO 3 6 9 
Refused or Canceled Appointment – CLC 3 2 5 

15 
Refused or Canceled Appointment – National Grid 1 2 3 
Refused or Canceled Appointment – Unitil 2 0 2 
Refused or Canceled Appointment – WMECO 3 2 5 
Wrong Number – CLC 0 2 2 

3 
Wrong Number – National Grid 1 0 1 
Wrong Number – Unitil 0 0 0 
Wrong Number – WMECO 0 0 0 
Other Reason – National Grid 5 0 5 

7 Other Reason – NSTAR 0 1 1 
Other Reason – WMECO 0 1 1 
Total 48 

 
A total of 126 site visits were completed for this evaluation. Table 3 compares the number of site 
visits completed for each PA to the planned sample detailed in Table 1. 

Table 3. Site Visits Completed, Winter Study 
PA Planned Sample Actual Sample 

Cape Light Compact 18 15 
National Grid 36 38 
NSTAR 44 44 
Unitil 8 6 
WMECO 24 23 
Total 130 126 

 

Interviews and Verification 
On November 29, 2010, Cadmus and ERS began visiting selected sites to interview customers 
regarding lighting operating hours, verify installed lighting equipment, and install lighting TOU 
loggers. We recorded the following data through interviews and inspections at each site: 

• Average hours per week the facility operated in each season (winter: December-
February; spring: March-May; summer: June-August; fall: September-November).  

• Heating fuel type and whether a site was cooled. 

• Ballast makes and model checked and recorded, if accessible. One ballast was checked at 
each site. 

For all measures accessible at the site, Cadmus and ERS technicians verified the types and 
quantities of installed fixtures and recorded the space type.  

B-22



Massachusetts Energy Efficiency Program Administrators June 14, 2012 

The Cadmus Group, Inc. / Energy Services 16 

Logger Installation 
Cadmus and ERS installed loggers at each site, using the following methodology:  

• We selected measures for logging based on the stratified ratio estimation technique we 
implemented in our site database. This approach used the same statistical technique used 
to select sites for sampling. The site sample frame was the line-by-line measure inventory 
provided by the vendors; measures were sorted from least to most savings, and the 
stratum boundaries were set so the sum of savings was approximately equivalent for up to 
five strata. One logger was assigned per stratum. A random number was assigned to each 
measure, which was used to specify which measures in a stratum would be logged.  

• At the site, technicians placed a HOBO U9 or Dent TOU lighting logger on at least one 
measure per stratum. On average, approximately four loggers were placed at each site.  

• At the site, technicians calibrated the HOBO U9 and Dent loggers by turning the target 
fixture off and on and by adjusting logger sensitivity. Loggers were placed to minimize 
interference from secondary light sources, such as windows or other light fixtures. 
Loggers were secured in place with magnets, zip ties, or 3M Command Strips.  

• Two to three months after installation, technicians retrieved the lighting loggers.  

Ballast Inspection Results 
Many lighting upgrades, such as Super T8 or High Performance T8, rely on a specific 
combination of select lamp and high-efficiency ballast models to achieve maximum savings. To 
check ballast model numbers, technicians inspected one ballast per site, either by removing 
fixture covers to access the ballast or by examining spare ballasts in storage. At many sites, 
ballasts were not accessible. The technicians recorded ballast model numbers at 73 sites and 
reviewed the following:  

• Whether the ballast matched that specified in the device description field of the  
PA data. 

• Whether the ballast was listed on the Consortium for Energy Efficiency’s (CEE) High-
Performance and Reduced Wattage T8 Ballasts. 

The technicians reported that appropriate ballasts were installed at all 73 sites, and energy 
savings calculations were correct in all cases.  

Multi-Season Study 
Cadmus returned to 28 of the customer sites to perform TOU logging during summer and early 
fall of 2011. Of the 126 customer sites visited during the winter logging period, nearly one-fifth 
of the customers reported seasonal variation in their operating hours.21 In the initial presentation 
of results in May 2011, we recommended that the PAs consider logging these sites again in the 

                                                 

21  Seasonal variation is indicated by differences in the customer’s reported operating hours during each of the four 
seasons (winter: December-February; spring: March-May; summer: June-August; fall: September-November). 
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summer to better understand operating hours throughout the year and evaluate summer peak 
coincidence based on data collected during the summer peak period.22  

In July 2011, the Cadmus team contacted 30 sites to request their participation in the summer 
logging. This included all 22 sites for which seasonal variation was reported during the initial 
site visit in 2010. We also reviewed the list of all participants in the winter study to identify any 
other sites that might have seasonal variation and selected an additional eight sites, basing our 
selection on facility type and observations of the field staff who performed the initial site visits. 
In some cases, we found that business hours may be the same across seasons but the business 
may be busier during the summer, so areas that are used occasionally during other seasons may 
have higher lighting use in summer. All but two of the selected businesses agreed to additional 
site visits and logging; one was unavailable due to recent tornado damage and one chose not to 
participate.  

The summer logging sites include several schools, summer camps, an exhibition center, a 
country club, a boating supply store, and several businesses on Cape Cod. Table 4 shows the 
number of sites in the summer-fall, by PA, compared to the total number of sites in the 
evaluation sample.  

Table 4. Number of Sites in Seasonal Logging 

PA 
Sites Logged  

in Winter 
Sites Logged  

in Summer-Fall 
Cape Light Compact 15 9 
National Grid 38 9 
NSTAR 44 2 
Unitil 6 1 
WMECO 23 7 
Total 126 28 

 
 

 

 

 

 

 

 

                                                 

22  Many previous lighting studies have relied on data collected during non-summer peak months to predict 
summer peak coincidence factors. 
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Table 5 lists each of the sites by PA and facility type. 

Table 5. Summer-Fall Logging Sites 

Site ID PA Facility Type 
3 Cape Light Small Retail 
4 Cape Light Small Retail 
5 Cape Light Multi Story Retail 
7 Cape Light Hotel 
9 Cape Light Grocery 

11 Cape Light Restaurant - Seated 
13 Cape Light  Other 
14 Cape Light Small Retail 
15 Cape Light Warehouse 
17 National Grid K-12 Schools 
19 National Grid Automobile 
22 National Grid K-12 Schools 
23 National Grid K-12 Schools 
26 National Grid K-12 Schools 
28 National Grid Other  
31 National Grid K-12 Schools 
39 National Grid Small Office 
52 National Grid K-12 Schools 
57 NSTAR Small Retail 
76 NSTAR Warehouse 
98 Unitil Multi Story Retail 

109 WMECO Other 
110 WMECO Other 
112 WMECO Big Box 
116 WMECO Big Box 
119 WMECO Dormitory 
121 WMECO Small Retail 
122 WMECO Dormitory 

 
The Cadmus team visited these 28 sites in July and August 2011 to install lighting TOU loggers 
and then again in October and November 2011 to remove loggers. While the main focus of this 
additional logging was to collect data during summer, which is the critical demand season in 
Massachusetts, this logging was extended into the fall so the evaluation results could be based on 
actual operating data from parts of three seasons. On the July or August site visits, field staff 
asked again for the customers’ estimates of average weekly operating hours in each season 
(winter: December-February; spring: March-May; summer: June-August; fall: September-
November). Verification of other data, such as lighting equipment types and counts, was not 
repeated in the summer logging, as no changes were expected since the winter 2010-2011 site 
visits. 
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Loggers were installed on the same measures as in the winter study, and at least three additional 
loggers were installed per site to ensure a comprehensive study of each facility’s lighting system 
operation. On average, five loggers per site were deployed for the summer logging. 

Logger Data Analysis  
Cadmus analyzed the TOU logger data to determine the following parameters for each logged 
lighting measure:  

• Annual hours of operation. 

• Percent time the measure was on during summer and winter on-peak and seasonal peak 
capacity periods. 

• Percent time the measure was on during the energy peak period. 

Annual Operating Hours 
Cadmus used the following procedure to analyze lighting logger data: 

• Downloaded data from Dent and HOBO U9 loggers into a SAS database. 

• Used SAS to develop a spreadsheet detailing the TOU for each logged measure in each 
season included in the study.  

• Analyzed the SAS output to determine the evaluated annual operating hours for each 
logged measure, taking into account any seasonal variation reported by the customer and 
all logger data collected throughout the year. See Appendix B for details on this 
methodology. 

• For each measure that was logged, calculated a realization rate for annual operating hours 
that is equal to the evaluated annual operating hours value divided by the estimated 
operating hours value in the tracking data. We then calculated an operating hours 
realization rate for each site by taking an average of all realization rates for logged 
measures at the site, weighted by the connected wattage for each logged measure. The 
site operating hours realization rate was applied to any measures that were not logged to 
calculate the evaluated operating hours for each measure.23 

Coincidence Factors 
As defined in the 2011 Plan Version TRM, coincidence factors represent “the fraction of the 
connected load reduction expected to occur at the same time as a particular system peak 
period.”24  

The TRM defined electric demand reductions during the four peak periods as follows: 

• Summer On-Peak: average demand reduction from 1:00 to 5:00 p.m. on non-holiday 
weekdays in June, July, and August. 

                                                 

23  All exit signs were assigned 8,760 evaluated annual operating hours regardless of the calculated site-level 
operating hours realization rate. 

24  Massachusetts Technical Reference Manual- 2011 Program Year Plan Version. October 2010. page 19. 
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• Winter On-Peak: average demand reduction from 5:00 to 7:00 p.m. on non-holiday 
weekdays in December and January. 

• Summer Seasonal Peak: demand reduction when the real-time system hourly load is 
equal to or greater than 90% of the most recent “50/50” system peak load forecast for 
June to August. 

• Winter Seasonal Peak: demand reduction when the real-time system hourly load is equal 
to or greater than 90% of the most recent “50/50” system peak load forecast for 
December to January. 

To establish these coincidence factors, non-holiday weekday logger data were used to calculate 
the percentage of time each lighting fixture was on during the peak periods defined above. For 
example, Figure 1 shows the percent of time a lighting measure was on over the course of a day. 
For this measure, the percent summer on-peak (1:00 p.m. to 5:00 p.m., or hours 14 through 17) is 
14% and the percent winter on-peak (5:00 p.m. to 7:00 p.m., or hours 18 and 19) is 0%. 

Figure 1. Summer and Winter Peak Periods vs.  
Logger Data for an Example Measure 

 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Percent Time On 0% 0% 0% 0% 0% 0% 0% 14% 55% 61% 71% 68% 56% 38% 17% 2% 0% 0% 0% 0% 0% 0% 0% 0%
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Cadmus used summer on-peak and winter on-peak coincidence factors for the coincidence 
adjustment for all PAs, except WMECO, which uses seasonal summer and winter peak 
coincidence factors. We calculated the seasonal peak coincidence factors for WMECO using 
logger data and ISO-NE seasonal peak hour data, as detailed in Appendix C. 
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Percent Energy On-Peak 
Using logger data, total percent of on-peak energy was calculated using the following 
definitions:  

• Winter Peak Energy kWh: 6:00 a.m. to 10:00 p.m. weekdays except holidays, October  
to May. 

• Summer Peak Energy kWh savings: 6:00 a.m. to 10:00 p.m. weekdays except holidays, 
June to September. 

• Percent Energy Savings On-Peak: the sum of the summer and winter peak kWh, divided 
by total annual kWh savings. 

Logger Data Adjustments 
All logger data were reviewed to determine how well they represented operation at the measure 
location and site. Logger data were removed from the analysis for these reasons:  

• Data were corrupted or the logger was moved during the logging period. 

• Loggers placed on lighting fixtures with new occupancy controls were not included in 
this non-controls lighting study.  

Cadmus reviewed all sites to assess whether the remaining lighting measures and logger data 
were sufficient to determine average operation and coincidence adjustments for the site.  

For each site, we calculated the following metrics to analyze how the final set of logged 
measures represented all non-controls lighting measures at that site: 

• Percentage of total non-controls connected kW logged 

• Percentage of total non-controls kWh savings logged 

• Percentage of non-controls measures logged 

We determined an appropriate threshold for each metric through an iterative process of 
examining sites that would not meet the criteria at varying threshold values. This site-by-site 
review involved comparing the list of logged measures at each site to the list of all measures at 
that site and determining whether the logged measures provided a fair representation of the 
overall site operation. The factors considered in this comparison included the site facility type 
and the connected kW, reported annual hours, space type, and kWh savings claimed for each 
measure. The final threshold value for each metric was determined as the value that excluded 
sites with non-representative data and included sites with representative logger data. 

Based on this site-by-site review, Cadmus established the following criteria for including sites in 
the operation and coincidence adjustment calculations. Sites were removed from these 
adjustments if they did not meet at least one of the following: 

• At least 15% of the total site non-controls connected kW was logged. 
• At least 15% of the total site non-controls kWh savings was logged. 
• At least 30% of the total site non-controls measures was logged.  
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The 15% connected kW and 15% kWh savings metrics are the primary filters for representative 
sites. The 30% threshold for total percentage of measures logged was added to include two 
additional sites for which one of three measures was logged (Site #4 and Site #38). Although 
those sites did not meet the 15% site connected kW or 15% site kWh savings criteria, we 
determined, based on review of the space type and location of the logged measured, that the 
logged measures at both sites fairly represented the overall site operation.  

In the multi-season study, 27 sites did not meet these criteria, so the operation and coincidence 
adjustments for these sites were excluded from the analysis (see Table 6). Fifteen sites excluded 
from the winter study were revisited in the summer and sufficient data were collected to include 
them in the multi-season analysis.  

Table 6. Sites Excluded from Multi-Season Operation  
and Coincidence Adjustments25 

Site ID PA Site ID PA 
2 Cape Light 73 NSTAR 

8 Cape Light 77 NSTAR 

12 Cape Light 83 NSTAR 

16 National Grid 87 NSTAR 

34 National Grid 88 NSTAR 

36 National Grid 90 NSTAR 

40 National Grid 91 NSTAR 

45 National Grid 94 NSTAR 

46 National Grid 96 NSTAR 

50 National Grid 99 Unitil 

67 NSTAR 117 WMECO 

69 NSTAR 120 WMECO 

70 NSTAR 125 WMECO 

72 NSTAR   

 

Evaluation Adjustments 
The Cadmus team used the collected data to determine a series of evaluation adjustments at the 
measure level for all non-controls lighting measures within each sampled site. These 
adjustments—Documentation, Technology, Quantity, Operation, Coincidence and HVAC 
interaction adjustments—are applied to the tracked energy and connected kW savings values in 
order to determine overall energy and demand savings. Each adjustment is cascaded off the 
previously calculated adjusted savings value and highlights the quality of each step of the 
tracking system energy and demand savings calculations.26  

                                                 

25 For these sites, collected data are used to estimate the documentation, technology, and quantity adjustments but 
logger data were not sufficient to estimate site-level operation or coincidence adjustments. 

26 The order of adjustments influences individual adjustment values. The smaller adjustments— documentation, 
quantity, and operation—were done first, followed by the larger operation and interactive adjustments. 
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For energy savings, the total evaluation adjustment is the sum of the documentation, technology, 
quantity, operational, and HVAC interactive adjustments. This sum is applied to reported energy 
savings to determine the realized energy savings. 

For demand savings, the connected kW adjustment is the sum of the documentation, technology, 
and quantity adjustments. The coincidence and HVAC interactive adjustments are then applied 
to the adjusted connected kW savings to determine the total evaluation adjustment for demand 
savings coincident with the summer and winter peak periods. The total adjusted kW savings is 
applied to the reported kW reduction to determine the realized peak demand savings. 

The following sections describe the each evaluation adjustment; further details on the calculation 
methodologies for each evaluation adjustment are provided in Appendix C. 

Documentation Adjustment  
The document adjustment reflected any changes in savings due to discrepancies caused by data 
transcription or entry errors, rounding errors, miscalculation of savings, or differences in 
methodology. 

To estimate the documentation adjustment, Cadmus and ERS reviewed project files provided by 
the PAs and the savings algorithms outlined in the 2011 Plan Version Massachusetts TRM and 
then used quantities, fixture types, and operating hours to recalculate tracking estimates of 
savings. Fixture wattages were obtained using Massachusetts Device Codes and Rated Lighting 
System Wattage Tables, designated for the 2010 Retrofit program for NSTAR, WMECO, and 
Unitil. PA-specific wattage rating tables were used for National Grid and CLC. Tracking system 
discrepancies and documentation errors were reflected in this adjustment.  

We then compared calculated and reported savings values. Any discrepancy was therefore the 
documentation adjustment.  

WMECO included interactive cooling benefits in its reported annual electricity savings and 
summer demand savings. Other PAs did not. We made a large documentation adjustment for 
WMECO to align the PA methods; however, savings were reintroduced into WMECO’s savings 
values through a cooling adjustment. It should be noted that the documentation adjustment did 
not indicate a documentation error, but rather a different approach.  

Technology Adjustment 
The technology adjustment reflected the change in savings if Cadmus identified a different 
lighting technology (fixture type and wattage) at the site than originally recorded in the tracking 
system. Causes for technology adjustments include incorrect recording of the type or wattage of 
the installed lighting fixtures. 

We compared the reported fixture type for each measure to the fixtures installed. We then 
calculated the technology adjusted energy savings by replacing the reported fixture wattage with 
the verified fixture wattage. The technology adjustment is the difference between the technology 
adjusted kWh savings and the documentation adjusted kWh savings. 
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Quantity Adjustment 
The quantity adjustment reflected the change in savings if Cadmus identified a different quantity 
of lighting fixtures at the site than was originally recorded in the tracking system. We recorded 
the quantities of installed lighting fixtures for each sampled measure and compared those values 
to the quantities reported by the PAs.  

We then calculated the quantity adjusted energy savings by replacing the reported fixture 
quantity with the verified fixture quantity. The quantity adjustment is the difference between the 
quantity adjusted kWh savings and the technology adjusted kWh savings. 

Operation Adjustment 
The operation adjustment reflected the change in savings due to differences in operating hours 
measured at the site, compared to those reported in the tracking system. An operation adjustment 
is caused by a discrepancy between the reported and actual annual hours of operation for the 
lighting measure.  

We collected logger data for selected measures at each site, which were then analyzed to 
determine annual operating hours for each measure. We then calculated the operation adjusted 
energy savings by replacing the reported annual operating hours with the evaluated annual 
operating hours. The operation adjustment is the difference between the operation adjusted kWh 
savings and the quantity adjusted kWh savings. 

Coincidence Factor Adjustment  
Coincidence factors were used to calculate demand savings coincident with the peak capacity 
periods. Summer and winter coincidence factors were determined for each measure using the 
logger data as described in the Logger Data Analysis section of this report. 

To determine the coincidence factor adjustment for summer and winter peak periods, Cadmus 
applied the summer and winter coincidence factors, respectively, to the adjusted connected kW 
savings. The calculated value represents the fraction of the connected kW reduction that is 
coincident with the peak period. The coincidence adjustment is the difference between the 
calculated coincident kW savings and the quantity adjusted, or connected kW savings. 

Cooling and Heating (HVAC Interaction) Adjustments 
Cooling and heating adjustments reflect the energy and demand impacts on a facility’s HVAC 
equipment due to the impact of the lighting energy and demand reductions on the facility’s 
cooling and heating loads. 

During site visits, Cadmus noted the heating fuel type and whether the facility had air 
conditioning. Cadmus reviewed cooling benefit and heating penalty calculations found in 
technical resource manuals from Massachusetts, Vermont, New York State, Colorado, and 
Connecticut, and in previous lighting evaluations performed in Massachusetts and New 
Hampshire. The key assumption for lighting-HVAC interaction calculations is the fraction of 
annual lighting energy that contributes to the heating or cooling load of the conditioned space—
this is known as the lighting waste heat factor. These factors varied across the different manuals 
and studies we examined.  
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For the cooling benefit, Cadmus also examined studies in similar climates and we found most 
studies showed factors of 0.1 to 0.13 kWh cooling benefit per kWh of lighting savings (for 
measures installed in conditioned spaces). The New York manual provided cooling benefit 
factors for the small business sector and specific building types and climate zones. We chose 
factors for Poughkeepsie because this city has a cooling degree day value very close to the 
average in Massachusetts. These factors were assigned to each of the Massachusetts building 
types, and the appropriate factor based on building type was applied to each site in the study 
which indicated that the facility space was air-conditioned. The table of cooling energy and 
demand factors by building type is provided in Appendix C. 

Energy and demand savings due to reduced impact on the cooling systems are calculated as: 

 

Where: 

kWhELEC COOL  = total annual electric cooling energy impact, kWh 
kWPRE   = total power of the lighting fixtures replaced, kW 
kWPOST  = total power of the new lighting fixtures installed, kW 
Hours   = lighting annual operating hours 
HVACc = HVAC system interaction factor for annual energy consumption27  

 

Where: 

kWHVAC,SP  = total annual peak period cooling demand impact, kWh 
CFsp   = coincidence factor for summer peak period 
HVACd = HVAC system interaction factor for utility summer peak28 

 

Cadmus calculated the heating energy and demand impact based on an estimated lighting waste 
heat factor for Boston from American Society of Heating, Refrigerating and Air-Conditioning 
Engineers (ASHRAE) and estimated average heating system efficiency for each heating fuel.  
This method is consistent with the non-electric benefits analysis referenced in the 2011 Plan 
Version TRM and used to develop the TRM heating energy interaction factors for commercial 
interior lighting efficiency measures.29  

For each site which indicated space heating with electricity, natural gas, or oil, the appropriate 
heating energy impact was calculated using the formulas below: 

                                                 

27  New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs. 2010. page 
291. www.dps.ny.gov/TechManualNYRevised10-15-10.pdf. 

28  New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs. 2010. page 
291. www.dps.ny.gov/TechManualNYRevised10-15-10.pdf. 

29    Memo: Non-Electric Benefits Analysis Update. 2008. http://www.env.state.ma.us/dpu/docs/electric/09-
119/112009clcrag1-22j.pdf.  
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Where: 

kWhELEC HEAT  = total annual electric heating energy impact, kWh 
MMBtuGAS  = total annual impact on consumption of heating natural gas, MMBtu 
MMBtuOIL  = total annual impact on consumption of heating oil, MMBtu 
-1  = negative value to mark a savings penalty; increased energy is required to 

supplement the reduction in lighting waste heat. 
0.27 = ASHRAE heating factor for lighting waste heat for Boston30 
Eff  = average heating system efficiency (1.0 for electric heating systems, 0.75 

for gas/oil heating systems) 
3.413  = conversion factor: 1 kWh = 3.413 kBtu 
1000  = conversion factor: 1 MMBtu = 1000 kBtu 
 

Savings Parameters 

Adjusted Gross kWh 
The adjusted gross savings for energy are the tracking gross energy savings corrected for 
documentation, technology, quantity, operation and HVAC interaction. Thus, the adjusted gross 
energy savings reflect the overall adjustment to tracking gross energy savings.  

The lighting and HVAC interactive adjustments are calculated as separate impact factors. The 
gross kWh realization rate was calculated as the adjusted gross lighting energy savings (that is, 
the tracking gross energy savings plus the sum of the documentation, technology, quantity, and 
operation adjustments) divided by the tracking gross energy savings. The HVAC energy 
interaction adjustment factor is calculated as the total adjusted energy savings (the adjusted gross 
lighting savings plus the sum of the HVAC interactive adjustments) divided by the adjusted 
gross lighting energy savings. 

The total adjusted gross energy savings are calculated as the product of the tracking gross kWh 
savings, the kWh realization rate, and the HVAC interactive factor for energy: 

                                                 

30  “Calculating lighting and HVAC interactions,” Table 1. ASHRAE Journal. November 1993. 
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𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ ∗ 𝑘𝑊ℎ RR * HVACELEC  

Adjusted Connected kW Savings 
The adjusted connected kW savings reflect the connected kW gross savings corrected for 
documentation, technology, and quantity. Adjusted connected kW savings do not include 
coincidence factor or HVAC interactive adjustments. The connected kW realization rate was 
calculated as the adjusted connected kW savings divided by the reported connected kW gross 
savings.  

The connected kW realization rate is applied to the tracking gross kW savings to calculate the 
adjusted connected kW savings. 

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 Connected 𝑘𝑊 = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊 ∗ 𝑘𝑊 RR 

Coincidence and HVAC Interaction Factors 
Coincidence factors for demand savings reflect the average expected coincidence of the 
maximum lighting demand reduction (that is, adjusted connected kW savings) during the 
summer and winter peak periods. The HVAC demand interactive factors reflect the peak period 
demand impact on the facility heating and cooling systems due to the coincident lighting demand 
reduction.  

The summer and winter coincidence factors were calculated as the summer and winter 
coincidence adjusted kW savings (the adjusted connected kW savings plus the coincidence 
adjustments) divided by the adjusted connected kW savings. The HVAC interaction factor for 
each peak period was calculated as the total coincident demand reduction (including HVAC 
interactive impacts) divided by the coincident lighting demand reduction. 

The coincidence and HVAC interaction factors are applied to the adjusted connected kW savings 
to determine the total demand impact of the lighting retrofit coincident with each peak demand 
period.  

Summer Peak kW = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊 ∗ 𝑘𝑊 RR * CFSP * HVACSP  

Winter Peak kW = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊 ∗ 𝑘𝑊 RR * CFWP * HVACWP 

Percent Energy On-Peak 
The percent energy on-peak factor reflects the percentage of the annual energy savings that occur 
during the energy on-peak period. Cadmus used lighting TOU logger data to determine lighting 
fixture operating hours during the energy on-peak and off-peak periods. Total percent energy 
savings on-peak is calculated as the total energy savings during the on-peak energy period 
divided by the total annual energy savings. 

Similar to demand coincidence factors, the percent energy on-peak value is applied to adjusted 
gross annual energy savings to determine the total energy reduction that occurs during the energy 
peak period.  

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ On-Peak = 𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ ∗ %kWh On-Peak  
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RESULTS 

In tables 7 through 26, the Cadmus team presents its detailed results of the lighting fixture 
analysis for the statewide program, two facility demand tiers, and each PA. The first section 
describes the multi-season study impact factors and formulas for use in calculating adjusted 
gross energy, demand, and non-electric impacts. The second section provides a comparison of 
the overall combined energy and demand realization rates from the multi-season study and the 
winter season study. 

Multi-Season Study Impact Factors  
Table 7 shows the energy, demand, and non-electric impact factors for the statewide program, by 
kW tier, and for each PA. These impact factors are based on the PA’s 2010 program tracking 
data and the lighting TOU data collected in winter 2010-2011 for all sampled sites and in 
summer-fall 2011 for sampled sites with expected seasonal variation in operating hours. 

Table 7. Impact Factors 

Factor Statewide > 50 kW < 50 kW CLC National Grid NSTAR Unitil WMECOiv 

kWh RRi 96% 98% 94% 93% 92% 102% 93% 72% 

HVACELEC 106% 106% 105% 107% 104% 107% 98% 102% 

%kWh On-Peak 69% 71% 67% 69% 70% 68% 66% 70% 

kW RRi 99% 100% 97% 98% 99% 99% 102% 98% 

CFSPi, ii 66% 69% 62% 61% 58% 77% 86% 60% 

CFWPi, ii 44% 50% 37% 32% 39% 53% 29% 43% 

HVACSP 110% 111% 108% 115% 108% 112% 115% 111% 

HVACWP 100% 100% 100% 100% 100% 100% 100% 97% 

HVACGASiii -0.001075 -0.001050 -0.001110 -0.000768 -0.001141 -0.001026 -0.000681 -0.000522 

HVACOILiii -0.000120 -0.000129 -0.000106 -0.000200 -0.000104 -0.000127 -0.000197 -0.000252 
 

i Includes lighting impacts only; does not include HVAC interaction impacts. 
ii Statewide coincidence factors are for on-peak capacity periods; WMECO coincidence factors are for seasonal peak periods. 
iii HVAC gas and oil impacts are negative values because the reduction in lighting operation reduces waste heat generated in the 
space and results in an increase the space heating load.  
iv The energy realization rate for WMECO is lower than the statewide average due to a different methodology for estimating HVAC 
interactive impacts. If WMECO changes its methodology to match that of the other PAs, this energy realization rate is no longer 
valid. 
 

Electric Impact Formulas 
Adjusted gross energy impacts are calculated by applying the kWh realization rate (kWh RR) 
and the HVAC electric interaction factor (HVACELEC) to the tracking gross energy savings.  

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ ∗ 𝑘𝑊ℎ RR * HVACELEC  

The adjusted gross savings realized during the energy on-peak period is calculated by applying 
the percent kWh on-peak impact factor to the adjusted gross energy savings. 
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𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ On-Peak = 𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ ∗ %kWh On-Peak  

Summer and winter peak demand impacts are calculated by applying the connected demand 
realization rate (kW RR), peak coincidence factor (CFSP for summer, CFWP for winter) and 
HVAC demand interaction factor (HVACSP for summer, HVACWP for winter) to the tracking 
connected kW savings.  

Summer Peak kW = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊 ∗ 𝑘𝑊 RR * CFSP * HVACSP  

Winter Peak kW = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊 ∗ 𝑘𝑊 RR * CFWP * HVACWP 

The HVAC electric interaction energy and demand impacts are calculated as average values over 
all sites in the 2010 population, so the impact factors should be applied to all sites regardless of 
whether the site is electrically cooled and/or heated. 

Non-Electric Impact Formulas 
Gas and oil heating impacts are calculated by applying the gas and oil HVAC interaction factors 
to the tracking gross energy savings.  

MMBtu Gas = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊h ∗ kWh RR * HVACGAS 

MMBtu Oil = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊h ∗ kWh RR * HVACOIL 

The gas and oil heating energy impacts are calculated as average values over all sites in the 2010 
population, so the impact factors should be applied to all sites regardless each site’s heating fuel 
type. 

Comparison of Multi-Season and Winter Study Results  
The energy and demand savings values for both the winter study and the multi-season study are 
presented for comparison:  

• Winter study results refer to evaluation results using lighting logger data collected during 
the winter period only31; and 

• Multi-season study results refer to evaluation results using lighting logger data collected 
during both the winter and summer-fall periods. 

Adjustment factors for tracked energy savings, fuel savings, and summer and winter demand are 
reported, as are relative confidence and precision. Total tracked gross energy and demand 
savings in each table are extrapolated values, based on roughly eight months of PA data from the 
2010 program year. Appendix A contains a site-by-site listing of adjustments. 

                                                 

31  The results of the original winter study analysis, completed in summer 2011, were presented in Non-Controls 
Lighting Evaluation for the Massachusetts Small Commercial Direct Install Program. The winter study results 
presented in this report are revised based on corrections to the original analysis and updates to the analysis 
model and methodology.  
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Statewide  
Cadmus calculated statewide results for energy and demand based on the data from the winter 
logging period (winter study) and based on a full set of data from both the winter and summer 
logging periods (multi-season study). As shown in Table 8, the statewide combined realization 
rate for energy savings was 102% for both studies.  

Table 8. Statewide Energy Savings Results32 

 Statewidei Winter Study Multi-Season Study 
Electric Impacts kWh % Gross kWh % Gross 

Tracked Gross Savings 33,245,153  33,245,153   

Documentation Adjustment -16,792 -0.051% -16,792 -0.051% 

Technology Adjustment -123,744 -0.372% -123,744 -0.372% 

Quantity Adjustment 55,846 0.168% 55,846 0.168% 
Operation Adjustment -1,116,131 -3.357% -1,207,862 -3.633% 
HVAC Interactive Adjustment (Cooling) 2,024,060 6.088% 2,010,364 6.047% 
HVAC Interactive Adjustments (Heating) -204,569 -0.615% -211,038 -0.635% 
Total Adjusted Gross Savings 33,863,823 102% 33,751,927 102% 
Relative Precision @ 90% Confidence 10% 10% 

Non-Electric Impacts MMBtu MMBtu/kWh MMBtu MMBtu/kWh 
HVAC Interactive Adjustments (Heating, Gas) -34,328 -0.001071 -34,356 -0.001075 
HVAC Interactive Adjustments (Heating, Oil) -4,026 -0.000126 -3,819 -0.000120 
i Not including WMECO 

 
As shown in Table 9, the statewide gross realization rate for connected kW is 99%. This result is 
always the same for both studies because the logger data do not impact the connected kW 
adjustments. The statewide summer and winter peak combined kW realization rates vary 
between the two studies:  

• The winter study estimated 74% for summer demand, based on the coincidence factor of 
68%; and 44% for winter demand, based on the coincidence factor of 45%.33 

• The multi-season study estimated 71% for summer demand, based on the coincidence 
factor of 66%; and 43% for winter demand, based on the coincidence factor of 44%.  

Minor documentation, technology, and quantity adjustments were offset by larger 
operational/coincident and interactive adjustments. This pattern of adjustments repeated across 
the different demand tiers and PAs. The analysis met the 90% confidence ±10% relative 
precision (90/10) goal for energy savings and the 80/10 goal for summer peak demand savings.  

                                                 

32  The results of the original winter study analysis, completed in summer 2011, were presented in Non-Controls 
Lighting Evaluation for the Massachusetts Small Commercial Direct Install Program. The winter study results 
presented in this report are revised based on corrections to the original analysis and updates to the analysis 
model and methodology.  

33    Both summer and winter demand were adjusted to connected kW savings (not summer and winter demand 
savings). 
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Table 9. Statewide Connected kW and Demand Savings Results31 
Statewidei Winter Study Multi-Season Study 

Electric Impacts kW % Gross kW % Gross 
Tracked Connected kW Savings 9,034   9,034   

Documentation Adjustment 3 0.030% 3 0.030% 

Technology Adjustment -80 -0.889% -80 -0.889% 

Quantity Adjustment -13 -0.145% -13 -0.145% 
Adjusted Connected kW Savings 8,943 99% 8,943 99% 

  Summer Peak Winter Peak Summer Peak Winter Peak 
Coincidence Adjustment -2,834 -31.7% -4,929 -55.1% -3,044 -34.0% -5,000 -55.9% 
HVAC Interactive Adjustment 601 6.7% -3 -0.029% 584 6.5% -2 -0.027% 
Total Adjusted Gross Savings 6,688 74% 3,962 44% 6,458 72% 3,890 44% 
Relative Precision @ 80% Confidence 7% 12% 8% 12% 
i Not including WMECO 
 

By Facility Demand Tiers 
Cadmus examined data at two facility demand tiers: over 50 kW and up to 50 kW average 
demand. The lower-demand tier represented the size of a “Main Street” program participant, the 
subject of a series of pilot studies conducted by the PAs. These two demand tiers analyses did 
not include WMECO data for the reasons discussed in the statewide analysis. 

Facilities Over 50 kW Average Demand 
As shown in Table 10, the gross combined energy realization rates for sites over 50 kW were 
107% in the winter study and 104% in the multi-season study, which uses data from all seasons.  

Table 10. Energy Savings Results for Facilities with Average Demand Over 50 kW 

 > 50 kWi Winter Study Multi-Season Study 
Electric Impacts kWh % Gross kWh % Gross 

Tracked Gross Savings 14,984,102  14,984,102   

Documentation Adjustment -9,731 -0.065% -9,731 -0.065% 

Technology Adjustment 14,153 0.094% 14,153 0.094% 

Quantity Adjustment 103,955 0.694% 103,955 0.694% 
Operation Adjustment -14,622 -0.098% -428,215 -2.858% 
HVAC Interactive Adjustments (Cooling) 1,018,552 6.798% 1,007,240 6.722% 
HVAC Interactive Adjustments (Heating) -126,867 -0.847% -126,867 -0.847% 
Total Adjusted Gross Savings 15,969,543 107% 15,544,638 104% 
Relative Precision @ 90% Confidence 11% 12% 

Non-Electric Impacts MMBtu MMBtu/kWh MMBtu MMBtu/kWh 
HVAC Interactive Adjustments (Heating, Gas) -15,634 -0.001037 -15,397 -0.001050 
HVAC Interactive Adjustments (Heating, Oil) -2,057 -0.000136 -1,893 -0.000129 
i Not including WMECO 
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As shown in Table 11, the connected kW realization rate was 100% and the summer and winter 
peak combined kW realization rates vary between the two studies:  

• The winter study estimated 82% for summer demand (based on the coincidence factor of 
73%) and 52% for winter demand (based on the coincidence factor of 52%). 34 

• The multi-season study estimated 77% for summer demand (based on the coincidence 
factor of 69%) and 50% for winter demand (based on the coincidence factor of 50%).  

Table 11. Connected kW and Demand Savings Results for  
Facilities with Average Demand Over 50 kW 

> 50 kWi Winter Study Multi-Season Study 

Electric Impacts kW % Gross kW % Gross 
Tracked Connected kW Savings 3,979   3,979   

Documentation Adjustment 4 0.045% 4 0.045% 

Technology Adjustment -7 -0.076% -7 -0.076% 

Quantity Adjustment 46 0.515% 46 0.515% 
Adjusted Connected kW Savings 4,023 100% 4,023 100% 

  Summer Peak Winter Peak Summer Peak Winter Peak 
Coincidence Adjustment -1,076 -26.8% -1,949 -48.4% -1,243 -30.9% -2,027 -50.4% 
HVAC Interactive Adjustment 334 8.3% 0 0.000% 315 7.8% 0 0.000% 
Total Adjusted Gross Savings 3,264 82% 2,071 52% 3,081 77% 1,994 50% 
Relative Precision @ 80% Confidence 7% 14% 8% 14% 
i Not including WMECO 
 
Minor documentation, technology, and quantity adjustments were offset by larger operational/ 
coincident and interactive adjustments. Realization rates were higher in the over-50 kW demand 
tier than the up-to-50 kW demand tier. The analysis met the 80/10 goal for summer demand 
savings, but did not meet the 90/10 goal for energy savings.  

                                                 

34  Both summer and winter demand were adjusted to connected kW savings (not summer and winter demand 
savings). 
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Facilities Up To 50 kW Average Demand 
As shown in Table 12, the gross combined energy realization rates for sites up to 50 kW were 
96% in the winter study and 99% in the multi-season study, which uses data from all seasons.  

Table 12. Energy Savings Results for Facilities with  
Average Demand Up to 50 kW 

 ≤ 50 kWi Winter Study Multi-Season Study 
Electric Impacts kWh % Gross kWh % Gross 

Tracked Gross Savings 17,843,707   17,843,707   

Documentation Adjustment -5,584 -0.031% -5,584 -0.031% 

Technology Adjustment -177,274 -0.993% -177,274 -0.993% 

Quantity Adjustment -94,927 -0.532% -94,927 -0.532% 
Operation Adjustment -1,335,034 -7.482% -834,437 -4.676% 
HVAC Interactive Adjustments (Cooling) 917,891 5.144% 918,687 5.149% 
HVAC Interactive Adjustments (Heating) -54,844 -0.307% -62,938 -0.353% 
Total Adjusted Gross Savings 17,093,935 96% 17,587,234 99% 
Relative Precision @ 90% Confidence 18% 17% 

Non-Electric Impacts MMBtu MMBtu/kWh MMBtu MMBtu/kWh 
HVAC Interactive Adjustments (Heating, Gas) -18,169 -0.001119 -18,579 -0.001110 
HVAC Interactive Adjustments (Heating, Oil) -1,777 -0.000109 -1,777 -0.000106 
i Not including WMECO 
 
As shown in Table 13, the connected kW realization rate was 97% and the summer and winter 
peak combined kW realization rates are similar between the two studies:  

• The winter study estimated 65% for summer demand (based on the coincidence factor of 
63%) and 35% for winter demand (based on the coincidence factor of 37%). 35 

• The multi-season study estimated 64% for summer demand (based on the coincidence 
factor of 62%) and 35% for winter demand (based on the coincidence factor of 37%).  

Minor documentation, technology, and quantity adjustments were offset by larger operational/ 
coincident and interactive adjustments. The analysis did not meet the 90/10 goal for energy 
savings or the 80/10 goal for demand savings.  

                                                 

35  Both summer and winter demand were adjusted to connected kW savings (not summer and winter demand 
savings). 
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Table 13. Connected kW and Demand Savings Results for  
Facilities with Average Demand Up to 50 kW 

≤ 50 kWi Winter Study Multi-Season Study 

Electric Impacts kW % Gross kW % Gross 
Tracked Connected kW Savings 4,785   4,785   

Documentation Adjustment 1 0.012% 1 0.012% 

Technology Adjustment -164 -1.814% -164 -1.814% 

Quantity Adjustment -81 -0.896% -81 -0.896% 
Adjusted Connected kW Savings 4,541 97% 4,541 97% 

  Summer Peak Winter Peak Summer Peak Winter Peak 
Coincidence Adjustment -1,688 -37.2% -2,839 -62.5% -1,717 -37.8% -2,841 -62.6% 
HVAC Interactive Adjustment 226 5.0% -3 -0.061% 225 5.0% -3 -0.059% 
Total Adjusted Gross Savings 3,115 65% 1,661 35% 3,084 64% 1,660 35% 
Relative Precision @ 80% Confidence 13% 21% 14% 21% 
i Not including WMECO 
 

By Program Administrator 

Cape Light Compact 
Results for Cape Light Compact (CLC) are shown in Table 14 and Table 15. The gross 
combined energy realization rate is 109% in the winter study and 100% in the multi-season 
study. The connected kW realization rate is 98%, and the summer and winter peak combined 
demand realization rates vary between the two studies:  

• The winter study shows 80% for summer demand (based on a 68% coincidence factor) 
and 36% for winter demand (based on a 37% coincidence factor).  

• The multi-season study shows 69% for summer demand (based on a 61% coincidence 
factor) and 30% for winter demand (based on a 32% coincidence factor).  
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Table 14. Cape Light Compact Energy Savings Results 

Cape Light Compact Winter Study Multi-Season Study 
Electric Impacts kWh % Gross kWh % Gross 

Tracked Gross Savings 1,373,859   1,373,859   

Documentation Adjustment -10,008 -0.728% -10,008 -0.728% 

Technology Adjustment -8,034 -0.585% -8,034 -0.585% 

Quantity Adjustment -18,060 -1.315% -18,060 -1.315% 
Operation Adjustment 67,665 4.925% -58,033 -4.224% 
HVAC Interactive Adjustments (Cooling) 123,281 8.973% 117,380 8.544% 
HVAC Interactive Adjustments (Heating) -28,542 -2.078% -28,542 -2.078% 
Total Adjusted Gross Savings 1,500,161 109% 1,368,561 100% 
Relative Precision @ 90% Confidence 19% 20% 

Non-Electric Impacts MMBtu MMBtu/kWh MMBtu MMBtu/kWh 
HVAC Interactive Adjustments (Heating, Gas) -1,097 -0.000780 -983 -0.000768 
HVAC Interactive Adjustments (Heating, Oil) -256 -0.000182 -256 -0.000200 

 

Table 15. Cape Light Compact Connected kW and Demand Savings Results 

Cape Light Compact Winter Study Multi-Season Study 
Electric Impacts kW % Gross kW % Gross 

Tracked Connected kW Savings 406   406   

Documentation Adjustment -10 -0.115% -10 -0.115% 

Technology Adjustment -45 -0.494% -45 -0.494% 

Quantity Adjustment -97 -1.072% -97 -1.072% 
Adjusted Connected kW Savings 254 98% 254 98% 

 Summer Peak Winter Peak Summer Peak Winter Peak 
Coincidence Adjustment -82 -32.1% -159 -62.5% -99 -38.9% -173 -68.0% 
HVAC Interactive Adjustment 35 13.6% 0 0.000% 24 9.4% 0 0.000% 
Total Adjusted Gross Savings 324 80% 145 36% 279 69% 123 30% 
Relative Precision @ 80% Confidence 9% 21% 14% 27% 
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National Grid 
Results for National Grid are shown in Table 16 and Table 17. The gross combined energy 
realization rate is 96% in the winter study and does not change when summer data is integrated 
for the multi-season study. The connected kW realization rate is 99%, and the summer and 
winter peak combined demand realization rates vary between the two studies:  

• The winter study shows 66% for summer demand (based on a 62% coincidence factor) 
and 38% for winter demand (based on a 39% coincidence factor).  

• The multi-season study shows 62% for summer demand (based on a 58% coincidence 
factor) and 38% for winter demand (based on a 39% coincidence factor).  

Table 16. National Grid Energy Savings Results 

National Grid Winter Study Multi-Season Study 
Electric Impacts kWh % Gross kWh % Gross 

Tracked Gross Savings 18,364,654   18,364,654   

Documentation Adjustment 7,845 0.043% 7,845 0.043% 

Technology Adjustment -25,866 -0.141% -25,866 -0.141% 

Quantity Adjustment 8,528 0.046% 8,528 0.046% 
Operation Adjustment -1,558,063 -8.484% -1,543,223 -8.403% 
HVAC Interactive Adjustments (Cooling) 750,024 4.084% 734,708 4.001% 
HVAC Interactive Adjustments (Heating) 0 0.000% 0 0.000% 
Total Adjusted Gross Savings 17,547,121 96% 17,546,646 96% 
Relative Precision @ 90% Confidence 18% 18% 

Non-Electric Impacts MMBtu MMBtu/kWh MMBtu MMBtu/kWh 
HVAC Interactive Adjustments (Heating, Gas) -19,058 -0.001135 -19,177 -0.001141 
HVAC Interactive Adjustments (Heating, Oil) -1,996 -0.000119 -1,752 -0.000104 

 

Table 17. National Grid Connected kW and Demand Savings Results 

National Grid Winter Study Multi-Season Study 
Electric Impacts kW % Gross kW % Gross 

Tracked Connected kW Savings 5,049   5,049   

Documentation Adjustment 3 0.062% 3 0.062% 

Technology Adjustment -25 -0.494% -25 -0.494% 

Quantity Adjustment -17 -0.332% -17 -0.332% 
Adjusted Connected kW Savings 5,010 99% 5,010 99% 

 Summer Peak Winter Peak Summer Peak Winter Peak 
Coincidence Adjustment -1,919 -38.3% -3,046 -60.8% -2,089 -41.7% -3,068 -61.2% 
HVAC Interactive Adjustment 238 4.7% 0 0.000% 232 4.6% 0 0.000% 
Total Adjusted Gross Savings 3,316 66% 1,941 38% 3,139 62% 1,919 38% 
Relative Precision @ 80% Confidence 12% 20% 14% 21% 
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NSTAR 
Results for NSTAR are shown in Table 18 and Table 19. The gross combined energy realization 
rate is 108% in the winter study and does not change when summer data is integrated for the 
multi-season study. The connected kW realization rate is 99%, and the summer and winter peak 
combined demand realization rates are similar between the two studies:  

• The winter study shows 84% for summer demand (based on a 77% coincidence factor) 
and 51% for winter demand (based on a 53% coincidence factor).  

• The multi-season study shows 85% for summer demand (based on a 77% coincidence 
factor) and 51% for winter demand (based on a 53% coincidence factor).  

Table 18. NSTAR Energy Savings Results 

 NSTAR Winter Study Multi-Season Study 
Electric Impacts kWh % Gross kWh % Gross 

Tracked Gross Savings 12,778,635   12,778,635   

Documentation Adjustment -12,498 -0.098% -12,498 -0.098% 

Technology Adjustment -74,131 -0.580% -74,131 -0.580% 

Quantity Adjustment 43,683 0.342% 43,683 0.342% 
Operation Adjustment 222,894 1.744% 243,303 1.904% 
HVAC Interactive Adjustments (Cooling) 998,799 7.816% 1,000,904 7.833% 
HVAC Interactive Adjustments (Heating) -135,825 -1.063% -140,767 -1.102% 
Total Adjusted Gross Savings 13,821,559 108% 13,839,131 108% 
Relative Precision @ 90% Confidence 11% 11% 

Non-Electric Impacts MMBtu MMBtu/kWh MMBtu MMBtu/kWh 
HVAC Interactive Adjustments (Heating, Gas) -13,318 -0.001028 -13,313 -0.001026 
HVAC Interactive Adjustments (Heating, Oil) -1,649 -0.000127 -1,649 -0.000127 
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Table 19. NSTAR Connected kW and Demand Savings Results 

NSTAR Winter Study Multi-Season Study 
Electric Impacts kW % Gross kW % Gross 

Tracked Connected kW Savings 3,397   3,397   

Documentation Adjustment36 0 0.000% 0 0.000% 

Technology Adjustment -69 -1.363% -69 -1.363% 

Quantity Adjustment 5 0.104% 5 0.104% 
Adjusted Connected kW Savings 3,333 99% 3,333 99% 

 Summer Peak Winter Peak Summer Peak Winter Peak 
Coincidence Adjustment -779 -23.4% -1,579 -47.4% -770 -23.1% -1,581 -47.4% 
HVAC Interactive Adjustment (Cooling) 296 8.9% -2 -0.067% 298 8.9% -2 -0.067% 
Total Adjusted Gross Savings 2,862 84% 1,742 51% 2,872 85% 1,741 51% 
Relative Precision @ 80% Confidence 7% 14% 7% 14% 

 
NSTAR was the only PA with a positive operational adjustment in both studies, which drove up 
its realization rates compared to other PAs.  

Data for NSTAR projects revealed a discrepancy between the reported fixture code and the 
installed ballast model. Based on information collected on site visits and communications with 
NSTAR staff, Cadmus believes the tracking energy savings values were based on the correct 
fixture wattage and, therefore, no documentation adjustment was necessary. In the future, 
however, NSTAR should pay increased attention to ensuring entries for the fixture code and 
wattage exactly match the lamp and ballast models. 

                                                 

36  The documentation adjustment for NSTAR is set to zero for this evaluation due to unavailable tracking data for 
the installed fixture codes. Cadmus detected a discrepancy between the tracking data for installed fixture codes 
and installed fixtures wattages and discovered that the fixture wattages had been recorded incorrectly in 
NSTAR’s tracking system. Because the fixture codes were not available, we were unable to make a 
documentation adjustment. We verified that the recorded fixture wattages were appropriate and used those 
values to represent tracking data for other adjustments. 
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Unitil 
Results for Unitil are shown in Table 20 and Table 21. The gross combined energy realization 
rate is 91% in the winter study and does not change when summer data are integrated for the 
multi-season study. The connected kW realization rate is 102%, and the summer and winter peak 
combined demand realization rates are similar between the two studies:  

• The winter study shows 99% for summer demand (based on a 84% coincidence factor) 
and 29% for winter demand (based on a 53% coincidence factor).  

• The multi-season study shows 101% for summer demand (based on a 86% coincidence 
factor) and 29% for winter demand (based on a 53% coincidence factor).  

Table 20. Unitil Energy Savings Results 

Unitil Winter Study Multi-Season Study 
Electric Impacts kWh % Gross kWh % Gross 

Tracked Gross Savings  728,005   728,005   

Documentation Adjustment -6,578 -0.904% -6,578 -0.904% 

Technology Adjustment 0 0.000% 0 0.000% 

Quantity Adjustment 12,427 1.707% 12,427 1.707% 
Operation Adjustment -57,895 -7.953% -54,910 -7.542% 
HVAC Interactive Adjustments (Cooling) 42,108 5.784% 42,353 5.818% 
HVAC Interactive Adjustments (Heating) -56,572 -7.771% -56,572 -7.771% 
Total Adjusted Gross Savings 661,495 91% 664,725 91% 
Relative Precision @ 90% Confidence 13% 13% 

Non-Electric Impacts MMBtu MMBtu/kWh MMBtu MMBtu/kWh 
HVAC Interactive Adjustments (Heating, Gas) -462 -0.000684 -462 -0.000681 
HVAC Interactive Adjustments (Heating, Oil) -131 -0.000194 -134 -0.000197 

 

Table 21. Unitil Connected kW and Demand Savings Results 

Unitil Winter Study Multi-Season Study 
Electric Impacts kW % Gross kW % Gross 

Tracked Connected kW Savings 183   183   

Documentation Adjustment 19 0.367% 19 0.367% 

Technology Adjustment 0 0.000% 0 0.000% 

Quantity Adjustment 99 1.960% 99 1.960% 
Adjusted Connected kW Savings 301 102% 301 102% 

  Summer Peak Winter Peak Summer Peak Winter Peak 
Coincidence Adjustment -49 -16.4% -214 -71.2% -43 -14.4% -214 -71.2% 
HVAC Interactive Adjustment 38 12.7% 0 0.000% 39 13.1% 0 0.000% 
Total Adjusted Gross Savings 181 99% 57 31% 185 101% 57 31% 
Relative Precision @ 80% Confidence 6% 36% 5% 36% 
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Western Massachusetts Electric Company (WMECO) 
Results for WMECO are shown in Table 22 and Table 23. The gross combined energy 
realization rate is 80% in the winter study and 74% when summer data are integrated for the 
multi-season study. The connected kW realization rate is 98%, and the summer and winter peak 
combined demand realization rates vary between the two studies:  

• The winter study shows 69% for summer demand (based on a 64% coincidence factor) 
and 46% for winter demand (based on a 47% coincidence factor).  

• The multi-season study shows 65% for summer demand (based on a 60% coincidence 
factor) and 29% for winter demand (based on a 43% coincidence factor).  

Table 22. WMECO Energy Savings Results 

WMECO Winter Study Multi-Season Study 
Electric Impacts kWh % Gross kWh % Gross 

Tracked Gross Savings 5,540,334   5,540,334   

Documentation Adjustment -1,034,477 -18.672% -1,034,477 -18.672% 

Technology Adjustment -25,788 -0.465% -25,788 -0.465% 

Quantity Adjustment -14,762 -0.266% -14,762 -0.266% 
Operation Adjustment -108,325 -1.955% -473,779 -8.551% 
HVAC Interactive Adjustments (Cooling) 225,616 4.072% 207,152 3.739% 
HVAC Interactive Adjustments (Heating) -153,181 -2.765% -119,430 -2.156% 
Total Adjusted Gross Savings 4,429,416 80% 4,079,250 73% 
Relative Precision @ 90% Confidence 11% 13% 

Non-Electric Impacts MMBtu MMBtu/kWh MMBtu MMBtu/kWh 
HVAC Interactive Adjustments (Heating, Gas) -2,154 -0.000494 -2,082 -0.000522 
HVAC Interactive Adjustments (Heating, Oil) -1,212 -0.000278 -1,006 -0.000252 

 

Table 23. WMECO Connected kW and Demand Savings Results 

WMECO Winter Study Multi-Season Study 

Electric Impacts kW % Gross kW % Gross 
Tracked Connected kW Savings 1,308   1,308   

Documentation Adjustment -24 -0.477% -24 -0.477% 

Technology Adjustment -49 -0.965% -49 -0.965% 

Quantity Adjustment -13 -0.258% -13 -0.258% 
Adjusted Connected kW Savings 1,222 98% 1,222 98% 

  Summer Peak Winter Peak Summer Peak Winter Peak 
Coincidence Adjustment -442 -36.2% -644 -52.7% -486 -39.7% -693 -56.7% 
HVAC Interactive Adjustment 86 7.0% -21 -1.716% 83 6.8% -18 -1.443% 
Total Adjusted Gross Savings 904 69% 574 44% 855 65% 525 41% 
Relative Precision @ 80% Confidence 15% 19% 14% 19% 
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WMECO’s approach varied from the other PAs by:  

• Using seasonal peak coincidence factors, rather than on-peak factors, to calculate summer 
and winter demand. Other PAs applied on-peak coincidence factors close to those 
specified in the 2011 Plan Version TRM. The coincidence adjustment for WMECO 
reflected the seasonal summer and winter peak. 

• Adjusting gross kWh and kW savings to include cooling benefits, which led to larger 
documentation adjustments in this analysis.  
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Comparison of Seasonal Logging Results 
Collecting logger data in winter, summer, and fall allowed Cadmus to evaluate the seasonal 
variation of certain facility types and consider the accuracy of data collected over a period of 
several weeks in one season, as is often done in program evaluations.  

For each logged measure in the multi-season study, we calculated the following:37 

• Annual operating hours and electricity savings based on winter logging, summer and fall 
logging, and the value calculated based on all three seasons of data. 

• Summer and winter coincidence factors and peak demand savings based on winter 
logging and summer logging. 

Measure-Level Review 
This section compares the measure-level estimates of key parameters—annual operating hours 
and seasonal coincidence factors—based on three sets of lighting logger data: winter only; 
summer-fall only; and all data from winter, summer, and fall. 

Figure 2 compares the annual hours estimated from winter logging data (blue points) and annual 
hours estimated from summer-fall logging data (red points) to the annual hours estimated from 
all three seasons of data logged in this study. We assumed that the multi-season estimate of 
annual hours is the best estimate of actual annual operating hours, so the accuracy of single-
season estimated hours is measured by comparing against this value. The dashed line in the 
figure represents a perfect match of the winter or summer-fall data to the three-season hours, and 
fitted lines are shown for the two sets of seasonal data. The fitted lines for both winter and 
summer-fall show a close match between the seasonal data and the three-season data (the slope is 
close to 1). The summer-fall data show a higher regression coefficient than the winter data set, 
but it also includes data from two seasons. 

The data demonstrate that a single season of logger data can be used with information on 
seasonal business variation reported by customers to calculate a reasonable estimate of annual 
operating hours for seasonal sites. 

                                                 

37  Each value in this list was calculated when possible. For some measures, not all values could be calculated, 
such as the additional measures that were logged in the summer but not in the winter. 
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Figure 2. Comparison of Estimated Annual Operating Hours38 

 

                                                 

38  Data are shown for all measures that were logged during both the summer and winter data collection periods. 
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Figure 3 compares the actual summer on-peak coincidence factors measured during the summer 
logging period to the estimated summer on-peak coincidence factor based on logger data from 
the winter season. The data show no correlation between the actual and estimated values for 
summer coincidence and demonstrate that winter logger data do not provide a good basis for 
estimating summer peak coincidence for seasonal sites. 

Figure 3. Comparison of Actual and Estimated Summer Coincidence Factors39 

 

 

                                                 

39  Data are shown for all measures that were logged during both the summer and winter data collection periods. 
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Figure 4 compares the actual winter on-peak coincidence factors measured during the winter 
logging period to the estimated winter on-peak coincidence factor based on logger data from the 
summer season. The data show some correlation between the actual and estimated values (that is, 
low winter coincidence factors are typically estimated to be low). However, the data show that 
summer logging does not provide a good consistent estimate of winter peak coincidence for 
seasonal sites. 

Figure 4. Comparison of Actual and Estimated Winter Coincidence Factors 
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Site-Level Review 
Table 24 and Figure 5 are comparisons of site-level combined energy realization rates from the 
winter study and the final results from the multi-season study. The combined energy realization 
rates include all lighting and HVAC interactive adjustments. While the difference between 
winter and multi-season study site-level realization rates ranged from -17% to 688%, only three 
sites had a variation greater than ±20%.  

The 13 sites in this table are those for which Cadmus had sufficient logger data to estimate 
annual operation (that is, make operation adjustments) in both the winter and multi-season 
studies.  

Table 24. Comparison of Energy Savings Results for Multi-Season Study Sites40 

Site ID PA 
 

Facility Type 

Combined kWh Realization Ratei 
Winter Data 

Only All Data %Diff 
3 Cape Light Small Retail 111% 115% 4% 
4 Cape Light Small Retail 219% 213% -3% 
9 Cape Light Grocery 106% 115% 8% 

11 Cape Light Restaurant – Seated 105% 96% -9% 
19 National Grid Automobile 105% 100% -4% 
23 National Grid K-12 Schools 58% 70% 20% 
26 National Grid K-12 Schools 91% 97% 7% 
28 National Grid Other  28% 38% 39% 
39 National Grid Small Office 10% 82% 688% 
57 NSTAR Small Retail 29% 64% 123% 
76 NSTAR Warehouse 80% 79% -1% 
98 Unitil Multi Story Retail 107% 112% 4% 

121 WMECO Small Retail 132% 110% -17% 
i The combined kWh realization rate includes all energy adjustments (documentation, technology, quantity, operation, 
and HVAC interaction). 

 

 

                                                 

40  For the multi-season study, we revisited all sites with expected seasonal operation regardless of the available 
winter logger data. For many summer-fall logging sites, the collected winter data were not sufficient to estimate 
annual lighting operation, so no site-level energy or demand adjustments were calculated based on the winter 
data, and winter and multi-season study results cannot be compared. 
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Figure 5. Comparison of Energy Realization Rates for Multi-Season Study Sites 

 

For a majority of the seasonal sites, the data show the site-level combined kWh realization rates 
estimated based on winter data only (winter study) are similar to the combined kWh realization 
rates estimated from three seasons of data (multi-season study). The three sites most impacted by 
the summer-fall logging show increases in the site kWh realization rate in the multi-season 
study.  

• Site 28 is a preschool for which the customer reported lower operating hours during the 
summer months compared to winter, spring, and fall months. Additional logging during 
the summer-fall season showed the summer operation hours were higher than reported by 
the customer. 

• Site 39 is a small office facility with heavy business during the spring and summer 
seasons. Additional logging during the summer-fall seasons showed that the fall 
operating hours were higher than reported by the customer. 

• Site 57 is a small retail facility for which the customer reported similar operation 
throughout the year. Although the customer did not report seasonal variation, this site 
was included in the summer logging sample because the evaluation team expected 
seasonal variation at this site based on the business type. Additional logging during the 
summer-fall seasons showed that the summer and fall operating hours were three times 
longer than the winter operating hours. 
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Table 25 and Figure 6 and Figure 7 compare the site-level summer and winter combined demand 
realization rates from the winter study and the multi-season study. The combined demand 
realization rates include connected kW adjustments, coincidence adjustments, and HVAC 
interaction adjustments. In the winter study, winter peak demand was measured directly from 
winter logger data and summer demand was estimated based on coincidence measured in the 
winter during summer on-peak hours (1 p.m. to 5 p.m. on non-holiday weekdays). 41  

In the multi-season study, whenever available, winter logger data were used to determine winter 
demand and summer logger data were used for summer demand.42  

Table 25. Comparison of Peak Demand Savings Results for Multi-Season Study Sites 

Site 
ID PA 

 
Facility Type 

Summer Combined kW RRi Winter Combined kW RRi 
Winter 
Data 
Only All Data %Diff 

Winter 
Data 
Only All Data %Diff 

3 Cape Light Small Retail 119% 120% 1% 98% 99% 0% 
4 Cape Light Small Retail 49% 17% -66% 97% 97% 0% 
9 Cape Light Grocery 104% 107% 3% 85% 88% 3% 
11 Cape Light Restaurant - Seated 30% 29% -1% 0% 0% 0% 
19 National Grid Automobile 58% 16% -72% 15% 19% 22% 
23 National Grid K-12 Schools 51% 50% -2% 12% 12% 0% 
26 National Grid K-12 Schools 65% 19% -70% 18% 18% 0% 
28 National Grid Other  7% 9% 20% 6% 6% 0% 
39 National Grid Small Office 2% 85% 5,496% 0% 0% 0% 
57 NSTAR Small Retail 37% 120% 225% 0% 0% 0% 
76 NSTAR Warehouse 85% 85% 1% 5% 4% -15% 
98 Unitil Multi Story Retail 84% 103% 22% 10% 10% 0% 
121 WMECO Small Retail 84% 67% -20% 42% 41% -4% 
i The combined kW realization rates include all demand adjustments (documentation, technology, quantity, coincidence, and 
HVAC interaction). 
 
The accuracy of summer demand savings predictions based on winter logging varied widely 
from site to site, with the difference for summer demand savings realization rates ranging from  
-72% to 5,496%. For three sites, the summer demand realization rate decreased by 66% or more 
in the multi-season study; for two sites, the summer demand realization rate more than doubled 
in the multi-season study. 

                                                 

41  For sites with reported seasonal variation greater than 15%, the summer coincidence was not estimated in the 
winter study and therefore did not contribute to the overall summer demand results in the winter study. 

42  Some measures at sites included in the multi-season study only have good logger data for one season. For these 
measures, the demand is estimated from the logger data in the other season if the reported seasonal variation in 
facility operation is no more than 15%. These measures explain variances in site-level winter peak demand 
estimates for the two studies. 
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Figure 6. Comparison of Summer Demand Realization Rates for Summer Logging Sites 

 

 
The actual (based on summer data) and estimated (based on winter data) summer demand 
realization rates are within 3% for 5 of 13 sites―and show differences greater than 65% for 5 of 
13 sites. As with the comparison of actual and estimated summer coincidence factors, these data 
show that winter logger data are an unpredictable estimator of summer demand savings. 

Figure 7. Comparison of Winter Demand Realization Rates for Summer Logging Sites 

 

 
The comparison of winter study and multi-season study winter demand realization rates shows 
similar results for both studies. When winter logger data were available, they were used for the 
winter coincidence factors; therefore, the addition of summer logger data in the multi-season 
study had little impact on winter demand savings. 
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Observations on Seasonal Variation  
Overall, the addition of summer logging had varied impacts on the estimates of annual operating 
hours, coincidence factors, and site-level energy and demand realization rates for sites with 
seasonal variation. At the statewide program level, the addition of summer logging data for about 
20% of the sites had no impact on the energy realization rates but did change the summer 
coincidence factors and demand realization rates. 

Cadmus used the multi-season study data to consider how accurately annual operating hours and 
seasonal coincidence factors can be predicted using logger data from one season. The results of 
this study suggest that a single season of logger data can be combined with customer reported 
seasonal operating hours to develop reasonable estimates of annual operation for lighting fixtures 
on average, but that seasonal coincidence factors should be based only on direct measurements 
during their respective seasons. 

Variations in the site-level operating hours from the winter study to the multi-season study are 
due in part to inconsistencies between the customer reported and actual variation of operation 
across seasons. However, our finding that adding a season of logger data did not impact the 
program level energy realization rates suggests that most customers are providing reasonable 
estimates of seasonal variation. Similarly, our finding of a 102% energy realization rate for the 
statewide program suggests that most customers and contractors are also providing reasonable 
estimates of total annual operating hours.  

Lighting Coincidence Profiles 
Lighting coincidence daily profiles show the average coincidence of the total connected lighting 
load during each hour of the day. The hourly lighting coincidence factor represents the average 
percentage of time during an hour that the lights are operating, or the average percentage of the 
full connected kW savings realized in that hour. Table 26 shows the hourly lighting coincidence 
factors and relative precision at 80% confidence for summer weekdays and winter weekdays: 

• The summer weekday profile represents a non-holiday weekday in June, July, or August, 
based on summer logging for seasonal sites and winter logging for non-seasonal sites.  

• The winter weekday profile represents a non-holiday weekday in December or January, 
based on winter logging for all sites. 
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Table 26. Hourly Lighting Coincidence Factors 

Hour 

Summer Weekdayi Winter Weekdayii 

Coincidence Factor Relative Precision @ 80% Coincidence Factor Relative Precision @ 80% 
0 17% 32% 17% 32% 

1 15% 34% 15% 33% 

2 14% 36% 15% 35% 

3 14% 36% 15% 34% 

4 17% 31% 17% 30% 

5 25% 22% 25% 22% 

6 41% 15% 39% 17% 

7 54% 12% 52% 13% 

8 65% 9% 66% 9% 

9 72% 8% 73% 8% 

10 73% 8% 74% 8% 

11 73% 8% 75% 7% 

12 72% 9% 74% 8% 

13 71% 9% 74% 7% 

14 70% 9% 72% 8% 

15 66% 9% 67% 8% 

16 57% 11% 57% 11% 

17 48% 14% 48% 14% 

18 40% 17% 41% 17% 

19 36% 19% 36% 19% 

20 33% 21% 33% 21% 

21 28% 23% 28% 23% 

22 24% 26% 24% 26% 

23 21% 28% 21% 28% 
i Non-holiday weekdays in June, July, and August. 
ii Non-holiday weekdays in January and December. 
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Figure 8 shows the average summer and winter weekday hourly profiles for lighting coincidence 
and the relative precision. As expected, the coincidence factors are highest during the daytime 
operating hours for a typical non-residential facility and lowest overnight during the hours from 
midnight to 4 a.m. The relative precision is within 8% to 36% over all of the hours, with low 
relative precision in the early morning and high relative precision during the daytime. 

Figure 8. Weekday Lighting Coincidence Profiles 

 

 
These coincidence profiles can be used to determine the lighting coincidence for a single hour or 
group of hours. For example, the lighting coincidence for the ISO-NE Summer On-Peak capacity 
period―defined as from 1 p.m. to 5 p.m. on non-holiday weekdays in June, July, and August―is 
calculated as the average of the hourly coincidence factors for the hours 13 through 16. 
Similarly, the lighting coincidence for the ISO-NE Winter On-Peak capacity period ―defined as 
from 5 p.m. to 7 p.m. on non-holiday weekdays in December and January―is calculated as the 
average of the hourly coincidence factors for the hours 17 and 18. 
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CONCLUSIONS AND FINDINGS 

Cadmus offers the following conclusions and findings: 

• Gross kWh realization rates were at least 100% across the state, across sites with average 
demand over 50 kW, and for CLC and NSTAR.  

• The statewide gross kWh realization rate is not impacted by the inclusion of summer 
logging data for sites with expected seasonal variation in their hours of operation. For all 
stratification groups, the energy realization rates from the multi-season study were within 
the confidence intervals of the winter study estimates. 

 For SBDI programs with a majority of non-seasonal facilities, TOU data collection in 
one season is sufficient for evaluating annual energy impacts for non-controls lighting 
fixtures. For programs with a high percentage of seasonal facilities, evaluations 
should monitor operation through multiple seasons to better estimate energy impacts. 

• Connected kW realization rates were very close to 100% statewide, for the two kW tiers, 
and for all PAs. These realization rates result from generally accurate measure tracking 
data.  

 Cadmus suggests the PAs continue their recordkeeping and contractor training 
practices, which resulted in small documentation, technology, and quantity 
adjustments. 

• We estimated the statewide winter demand coincidence factor at 44% based on all 
logging data, higher than the previous Massachusetts Technical Reference Manual 
(TRM) winter demand coincidence factor of 37%.43 The data show no HVAC demand 
impact during the winter peak periods. 

• Based on winter logging data, we estimated a statewide summer demand coincidence 
factor at 68% and a total coincidence and HVAC interaction factor of 75% (CFSP * 
HVACSP)—similar to the 2011 Plan Version TRM summer demand coincidence factor of 
77%.44 After logging sites with reported seasonal variation in the summer, we calculated 
a statewide summer demand coincidence factor of 66% and a total coincidence and 
HVAC interaction factor of 73% (CFSP * HVACSP).  

• We used winter and summer logging data from sites with expected seasonal variation to 
evaluate the accuracy of using logging data from one season to estimate coincidence 
factors in another season. No correlation was found between summer coincidence factors 
estimated from winter data to summer coincidence factors directly measured in the 
summer. 

                                                 

43  The 2011 Plan Version TRM winter peak coincidence factor of 37% was from the 2007 coincidence factor 
reports completed in spring 2007 and includes both lighting and HVAC interactive effects.  

44  The 2011 Plan Version TRM summer peak coincidence value of 77% is from the NEEP lighting load shape 
project completed in summer 2010. This report relied on winter period data collection for estimates of summer 
peak period coincidence. The previous value of 80% included both lighting and HVAC interactive effects; the 
lighting only coincidence factor was 66%. 
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 While many previous lighting evaluations have relied on data collected during non-
summer seasons to estimate summer coincidence factors, this study includes actual 
measurements of lighting coincidence factors for one-fifth of the sampled sites and 
almost all seasonal sites. Since precise estimates of summer coincidence factors are 
increasingly important for both program reporting and the PAs’ participation in the 
ISO-New England Forward Capacity Markets, Cadmus recommends that the PAs 
continue summer logging to better estimate the coincidence of efficiency measures 
and demand reductions with critical capacity periods. 

• As noted, WMECO was analyzed separately and removed from statewide analysis due to 
differing approaches to savings calculations.  

 PAs have begun program changes to assure their programs run in the same manner 
across the state (i.e., similar incentive levels and average kW demand limits in the 
Massachusetts SBDI program). Therefore, Cadmus suggests savings calculations be 
aligned. 
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APPENDIX A: SITE RESULTS 

Tables A-1, A-2, and A-3 present adjustments to gross annual energy savings, gross summer 
peak demand savings, and gross winter peak demand savings, respectively, for the 126 sites 
included in the winter study sample. The 26 sites revisited for summer logging are indicated with 
bold font. 

Table A-1 presents tracked energy savings, along with the documentation, technology, quantity, 
operational, and HVAC interactive adjustments to arrive at gross kWh. Non-electric impacts on 
the sites’ gas or oil heating systems are also included.  

Table A-2 and Table A-3 present tracked connected kW reductions, along with documentation, 
technology, quantity, coincidence, and HVAC interactive adjustments to arrive at gross kW.  

In all tables, an “NA” in the operation or coincidence adjustment columns indicates sites that 
were excluded from the operation adjustment calculations because the available TOU logger data 
did not fairly represent the non-controls lighting measures implemented at the site (see Logger 
Data Analysis). 
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Table A-1. Adjustments to Gross Annual Energy Savings, by Site 

Site 
ID PA 

Tracking 
kWh 

 Winter Study Multi-Season Study 
Document 

(kWh) 
Technology 

(kWh) 
Quantity 

(kWh) 
Operation 

(kWh) 
Cool 
(kWh) 

Heat 
(kWh) 

Gross 
kWh %Diff 

Heat 
(MMBtu) 

Operation 
(kWh) 

Cool 
(kWh) 

Heat 
(kWh) 

Gross 
kWh %Diff 

Heat 
(MMBtu) 

1 CLC 13,573 28 0 0 -483 1,509 0 14,627 8% -16 -483 1,509 0 14,627 8% -16 
2 CLC 25,291 -900 0 -1,581 NA 0 0 22,810 -10% 0 NA 0 0 22,810 -10% 0 
3 CLC 6,810 94 0 -63 -90 776 0 7,527 11% -8 181 808 0 7,830 15% -9 
4 CLC 5,370 1 0 0 5,198 1,216 0 11,785 119% -13 4,891 1,180 0 11,442 113% -13 
5 CLC 32,554 -215 0 0 NA 0 0 32,338 -1% -40 -145 0 0 32,193 -1% -40 
6 CLC 14,005 36 0 0 -4,060 1,098 0 11,078 -21% -12 -4,060 1,098 0 11,078 -21% -12 
7 CLC 38,495 63 0 0 NA 3,740 -10,411 31,888 -17% 0 NA 3,740 -10,411 31,888 -17% 0 
8 CLC 1,753 5 -247 0 NA 174 0 1,685 -4% -2 NA 174 0 1,685 -4% -2 
9 CLC 41,524 -385 0 0 -2,532 5,598 0 44,205 6% 0 581 6,049 0 47,770 15% 0 
10 CLC 4,789 13 0 -321 -1,663 310 0 3,129 -35% -3 -1,663 310 0 3,129 -35% -3 
11 CLC 4,339 12 -83 0 -77 377 0 4,568 5% -5 -463 342 0 4,147 -4% -5 
12 CLC 19,408 -673 0 0 NA 2,154 0 20,889 8% -23 NA 2,154 0 20,889 8% -23 
13 CLC 2,572 3 0 -314 NA 203 0 2,464 -4% -3 -1,312 85 0 1,035 -60% -1 
14 CLC 8,791 11 0 0 NA 854 0 9,655 10% -11 -3,403 524 0 5,922 -33% -7 
15 CLC 13,391 -758 0 263 NA 0 0 12,896 -4% -16 -1,939 0 0 10,957 -18% -13 
16 National Grid 4,850 0 0 0 NA 558 0 5,408 12% -6 NA 558 0 5,408 12% -6 
17 National Grid 34,431 0 0 0 NA 0 0 34,431 0% -42 -23,938 0 0 10,493 -70% -13 
18 National Grid 8,530 0 0 0 4,452 0 0 12,981 52% -16 4,452 0 0 12,981 52% -16 
19 National Grid 20,832 0 0 0 996 0 0 21,827 5% -27 83 0 0 20,914 0% -26 
20 National Grid 130,915 0 0 3,242 -55,637 0 0 78,520 -40% -96 -55,637 0 0 78,520 -40% -96 
21 National Grid 12,565 34 0 0 20,738 0 0 33,337 165% -41 20,738 0 0 33,337 165% -41 
22 National Grid 14,202 0 1,763 -997 NA 0 0 14,968 5% -18 -3,863 0 0 11,105 -22% -14 
23 National Grid 11,934 0 0 -302 -4,688 0 0 6,944 -42% -9 -3,273 0 0 8,359 -30% -10 
24 National Grid 35,180 0 2,364 -7,704 -4,437 2,464 0 27,866 -21% -31 -4,437 2,464 0 27,866 -21% -31 
25 National Grid 10,472 0 0 0 -6,372 451 0 4,551 -57% -5 -6,372 451 0 4,551 -57% -5 
26 National Grid 1,780 0 0 0 -157 0 0 1,623 -9% -2 -51 0 0 1,729 -3% -2 
27 National Grid 20,365 0 0 278 -2,582 2,077 0 20,138 -1% -22 -2,582 2,077 0 20,138 -1% -22 
28 National Grid 2,850 0 0 0 -2,122 62 0 789 -72% -1 -1,841 86 0 1,094 -62% -1 
29 National Grid 68,108 240 0 8,772 -17,112 5,101 0 65,109 -4% -74 -17,112 5,101 0 65,109 -4% -74 
30 National Grid 53,345 61 0 -166 4,707 5,621 0 63,568 19% -71 4,707 5,621 0 63,568 19% -71 
31 National Grid 40,869 0 -5,615 1,919 NA 0 0 37,173 -9% -46 -2,817 0 0 34,356 -16% -42 
32 National Grid 1,058 0 0 0 -136 0 0 923 -13% -1 -136 0 0 923 -13% -1 
33 National Grid 39,691 0 0 1,688 -3,239 0 0 38,140 -4% -47 -3,239 0 0 38,140 -4% -47 
34 National Grid 29,703 0 0 -919 NA 3,310 0 32,093 8% -35 NA 3,310 0 32,093 8% -35 
35 National Grid 21,504 0 0 -44 2,722 2,660 0 26,842 25% -30 2,722 2,660 0 26,842 25% -30 
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Site 
ID PA 

Tracking 
kWh 

 Winter Study Multi-Season Study 
Document 

(kWh) 
Technology 

(kWh) 
Quantity 

(kWh) 
Operation 

(kWh) 
Cool 
(kWh) 

Heat 
(kWh) 

Gross 
kWh %Diff 

Heat 
(MMBtu) 

Operation 
(kWh) 

Cool 
(kWh) 

Heat 
(kWh) 

Gross 
kWh %Diff 

Heat 
(MMBtu) 

36 National Grid 47,735 0 0 -1,968 NA 5,034 0 50,801 6% -56 NA 5,034 0 50,801 6% -56 
37 National Grid 89,295 0 0 0 -30,366 6,777 0 65,706 -26% -72 -30,366 6,777 0 65,706 -26% -72 
38 National Grid 4,937 0 -158 -949 -1,358 0 0 2,472 -50% -3 -1,358 0 0 2,472 -50% -3 
39 National Grid 14,378 0 0 0 -12,891 0 0 1,487 -90% -2 -2,657 0 0 11,722 -18% -14 
40 National Grid 8,718 0 105 2,457 NA 0 0 11,280 29% -14 NA 0 0 11,280 29% -14 
41 National Grid 84,636 0 1,835 3,636 -866 8,656 0 97,897 16% -110 -866 8,656 0 97,897 16% -110 
42 National Grid 4,090 0 -4 -1,880 -2,431 0 0 -224 -105% 0 -2,431 0 0 -224 -105% 0 
43 National Grid 94,324 0 0 360 -8,786 0 0 85,899 -9% -106 -8,786 0 0 85,899 -9% -106 
44 National Grid 101,232 167 4,772 -1,776 113,454 0 0 217,849 115% -268 113,454 0 0 217,849 115% -268 
45 National Grid 14,973 0 0 0 NA 1,722 0 16,694 12% -18 NA 1,722 0 16,694 12% -18 
46 National Grid 273 0 0 0 NA 25 0 298 9% 0 NA 25 0 298 9% 0 
47 National Grid 139,583 0 0 0 -84,127 5,379 0 60,835 -56% -68 -84,127 5,379 0 60,835 -56% -68 
48 National Grid 52,281 0 -5,350 0 -41,266 504 0 6,169 -88% -7 -41,266 504 0 6,169 -88% -7 
49 National Grid 65,895 0 0 -683 -50,292 1,447 0 16,368 -75% -18 -50,292 1,447 0 16,368 -75% -18 
50 National Grid 17,102 0 0 0 NA 0 0 17,102 0% -21 NA 0 0 17,102 0% -21 
51 National Grid 30,180 0 0 0 357 0 0 30,537 1% -38 357 0 0 30,537 1% -38 
52 National Grid 48,454 70 0 0 NA 4,125 0 52,649 9% -60 -16,086 2,757 0 35,196 -27% -40 
53 National Grid 13,686 0 -36 0 -242 0 0 13,408 -2% -16 -242 0 0 13,408 -2% -16 
54 NSTAR 53,076 -1,455 3,713 2,035 4,276 8,938 0 70,583 33% -76 4,276 8,938 0 70,583 33% -76 
55 NSTAR 3,921 0 0 0 727 418 0 5,066 29% -6 727 418 0 5,066 29% -6 
56 NSTAR 38,015 0 -98 -586 -15,085 0 0 22,246 -41% -27 -15,085 0 0 22,246 -41% -27 
57 NSTAR 924 0 0 0 -612 36 -84 264 -71% 0 -227 80 -188 589 -36% 0 
58 NSTAR 725 0 0 0 -196 51 0 581 -20% -1 -196 51 0 581 -20% -1 
59 NSTAR 102,350 0 0 1,466 7,341 0 0 111,158 9% -137 7,341 0 0 111,158 9% -137 
60 NSTAR 6,434 0 -84 1,060 1,777 891 0 10,077 57% -11 1,777 891 0 10,077 57% -11 
61 NSTAR 10,252 -2 -2,319 -180 -201 732 0 8,283 -19% -9 -201 732 0 8,283 -19% -9 
62 NSTAR 6,233 1 0 0 -4,603 147 0 1,778 -71% -2 -4,603 147 0 1,778 -71% -2 
63 NSTAR 13,191 0 0 0 -729 0 0 12,462 -6% -15 -729 0 0 12,462 -6% -15 
64 NSTAR 37,553 -1 0 4,725 -23,351 0 0 18,926 -50% -23 -23,351 0 0 18,926 -50% -23 
65 NSTAR 2,638 1 -8 0 -1,542 106 0 1,194 -55% -1 -1,542 106 0 1,194 -55% -1 
66 NSTAR 4,603 -27 629 -387 781 0 0 5,599 22% -7 781 0 0 5,599 22% -7 
67 NSTAR 85,852 1 0 1,363 NA 8,460 -23,548 72,128 -16% 0 NA 8,460 -23,548 72,128 -16% 0 
68 NSTAR 27,550 0 0 -368 0 2,637 0 29,819 8% -33 0 2,637 0 29,819 8% -33 
69 NSTAR 24,407 -1 0 0 NA 2,367 0 26,773 10% -30 NA 2,367 0 26,773 10% -30 
70 NSTAR 2,626 0 0 0 NA 289 0 2,915 11% -3 NA 289 0 2,915 11% -3 
71 NSTAR 10,223 0 -218 0 -516 920 0 10,410 2% -12 -516 920 0 10,410 2% -12 
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(kWh) 
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Heat 
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kWh %Diff 

Heat 
(MMBtu) 

Operation 
(kWh) 

Cool 
(kWh) 

Heat 
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Gross 
kWh %Diff 

Heat 
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72 NSTAR 58,134 2 0 -224 NA 5,617 0 63,529 9% -71 NA 5,617 0 63,529 9% -71 
73 NSTAR 70,895 -6 0 505 NA 6,925 0 78,320 10% -88 NA 6,925 0 78,320 10% -88 
74 NSTAR 12,178 1 1,223 -109 -237 1,501 0 14,557 20% -16 -237 1,501 0 14,557 20% -16 
75 NSTAR 8,589 0 0 0 501 818 0 9,908 15% 0 501 818 0 9,908 15% 0 
76 NSTAR 86,154 1 0 0 -16,861 0 0 69,294 -20% -85 -17,710 0 0 68,445 -21% -84 
77 NSTAR 47 0 0 0 NA 4 0 52 10% 0 NA 4 0 52 10% 0 
78 NSTAR 33,022 -2 92 -433 -25,017 0 0 7,662 -77% -9 -25,017 0 0 7,662 -77% -9 
79 NSTAR 9,310 1 0 0 -958 810 0 9,162 -2% -10 -958 810 0 9,162 -2% -10 
80 NSTAR 1,802 0 0 0 -92 188 -462 1,436 -20% 0 -92 188 -462 1,436 -20% 0 
81 NSTAR 89,569 0 0 -7,484 32,067 0 0 114,151 27% -140 32,067 0 0 114,151 27% -140 
82 NSTAR 43,282 240 0 0 39,821 8,084 0 91,427 111% -102 39,821 8,084 0 91,427 111% -102 
83 NSTAR 2,382 0 0 0 NA 214 0 2,597 9% -3 NA 214 0 2,597 9% -3 
84 NSTAR 3,444 0 0 0 -866 374 0 2,952 -14% -3 -866 374 0 2,952 -14% -3 
85 NSTAR 4,794 -1 0 -1,602 59 374 0 3,624 -24% -4 59 374 0 3,624 -24% -4 
86 NSTAR 23,081 0 -4,895 592 -5,710 0 0 13,068 -43% -16 -5,710 0 0 13,068 -43% -16 
87 NSTAR 50,190 -2 0 -509 NA 5,465 0 55,143 10% -61 NA 5,465 0 55,143 10% -61 
88 NSTAR 26,614 0 0 0 NA 0 0 26,614 0% -33 NA 0 0 26,614 0% -33 
89 NSTAR 6,564 0 0 772 -1,113 0 0 6,223 -5% -8 -1,113 0 0 6,223 -5% -8 
90 NSTAR 2,298 0 0 0 NA 0 0 2,298 0% -3 NA 0 0 2,298 0% -3 
91 NSTAR 106,351 2 772 -1,066 NA 10,288 0 116,346 9% -130 NA 10,288 0 116,346 9% -130 
92 NSTAR 123,944 0 0 0 7,927 12,791 0 144,663 17% -162 7,927 12,791 0 144,663 17% -162 
93 NSTAR 92,776 0 0 642 127,216 21,402 0 242,036 161% -271 127,216 21,402 0 242,036 161% -271 
94 NSTAR 1,801 -1 0 0 NA 198 0 1,998 11% -2 NA 198 0 1,998 11% -2 
95 NSTAR 114,580 -2 0 -698 7,444 11,768 0 133,092 16% -149 7,444 11,768 0 133,092 16% -149 
96 NSTAR 14,056 0 0 759 NA 1,437 0 16,252 16% -18 NA 1,437 0 16,252 16% -18 
97 NSTAR 1,576 1 0 -87 4,783 0 0 6,272 298% 0 4,783 0 0 6,272 298% 0 
98 Unitil 5,288 0 0 0 -205 585 0 5,668 7% -6 13 610 0 5,911 12% -7 
99 Unitil 21,412 46 0 0 NA 0 -5,793 15,664 -27% 0 NA 0 -5,793 15,664 -27% 0 
100 Unitil 6,904 -964 0 0 -94 0 0 5,846 -15% -7 -94 0 0 5,846 -15% -7 
101 Unitil 6,248 0 0 0 -2,823 0 0 3,425 -45% -4 -2,823 0 0 3,425 -45% -4 
102 Unitil 18,993 245 0 1,147 -2,526 2,054 0 19,912 5% -22 -2,526 2,054 0 19,912 5% -22 
103 Unitil 15,710 0 0 126 1,421 1,674 0 18,931 21% -21 1,421 1,674 0 18,931 21% -21 
104 WMECO 2,819 -914 0 0 -589 0 0 1,316 -53% -2 -589 0 0 1,316 -53% -2 
105 WMECO 31,421 -6,296 -2,971 0 7,350 3,280 0 32,784 4% -35 7,350 3,280 0 32,784 4% -35 
106 WMECO 5,082 0 0 0 691 0 0 5,773 14% -4 691 0 0 5,773 14% -4 
107 WMECO 22,724 -5,176 0 0 -4,060 1,551 0 15,039 -34% -17 -4,060 1,551 0 15,039 -34% -17 
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108 WMECO 6,023 -1,185 -84 -393 -371 0 0 3,989 -34% -5 -371 0 0 3,989 -34% -5 
109 WMECO 40,780 -10,615 0 0 NA 2,802 0 32,967 -19% -35 -7,816 2,044 0 24,393 -40% -26 
110 WMECO 9,021 -2,605 0 0 NA 604 0 7,020 -22% -8 NA 604 0 7,020 -22% -8 
111 WMECO 19,527 -8,417 0 0 174 975 0 12,259 -37% -10 174 975 0 12,259 -37% -10 
112 WMECO 42,079 -8,890 -1,228 443 NA 0 -8,739 23,666 -44% 0 -16,553 0 -4,269 11,582 -72% 0 
113 WMECO 18,123 1,308 0 120 -11,624 0 0 7,927 -56% -8 -11,624 0 0 7,927 -56% -8 
114 WMECO 87,609 -16,565 0 0 13,862 8,717 0 93,624 7% -93 13,862 8,717 0 93,624 7% -93 
115 WMECO 18,730 -1,316 707 0 -922 1,922 0 19,122 2% -21 -922 1,922 0 19,122 2% -21 
116 WMECO 64,657 -12,308 0 0 NA 7,534 0 59,884 -7% -64 -23,267 4,161 0 33,243 -49% -35 
117 WMECO 5,352 140 0 0 NA 0 -1,483 4,009 -25% 0 NA 0 -1,483 4,009 -25% 0 
118 WMECO 22,514 -12,131 0 0 -560 0 0 9,823 -56% -12 -560 0 0 9,823 -56% -12 
119 WMECO 3,350 -1,540 0 0 NA 0 0 1,810 -46% -2 NA 0 0 1,810 -46% -2 
120 WMECO 35,858 -14,987 0 0 NA 0 0 20,871 -42% -24 NA 0 0 20,871 -42% -24 
121 WMECO 4,500 519 0 0 918 0 0 5,937 32% -7 -77 0 0 4,942 10% -6 
122 WMECO 1,241 -273 0 -38 NA 0 0 930 -25% -1 -743 0 0 187 -85% 0 

123 WMECO 109,425 -33,234 0 0 3,843 7,763 -21,609 66,189 -40% 0 3,843 7,763 -21,609 66,189 -40% 0 
124 WMECO 226,227 -12,414 0 0 0 0 0 213,813 -5% 0 0 0 0 213,813 -5% 0 
125 WMECO 337 -56 0 0 NA 32 0 313 -7% 0 NA 32 0 313 -7% 0 
126 WMECO 19,865 5,558 0 0 -2,685 3,269 0 26,007 31% -28 -2,685 3,269 0 26,007 31% -28 
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Site ID PA 

Tracking  
Connected  

kW 

   Winter Study Multi-Season Study 
Documentation 

(kW) 
Technology 

(kW) 
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(kW) 
Coincidence 

(kW) 
Cooling 

(kW) 
Gross  

kW %Diff 
Coincidence 

(kW) 
Cooling 

(kW) 
Gross  

kW %Diff 
1 CLC 4.61 0.00 0.00 0.00 -0.01 0.92 5.52 20% -0.01 0.92 5.52 20% 
2 CLC 5.54 -0.02 0.00 -0.38 NA 0.00 5.14 -7% NA 0.00 5.14 -7% 
3 CLC 1.64 0.02 0.00 -0.02 -0.01 0.33 1.95 19% 0.00 0.33 1.97 20% 
4 CLC 1.23 0.00 0.00 0.00 -0.73 0.10 0.60 -51% -1.06 0.03 0.20 -83% 
5 CLC 9.98 -0.05 0.00 0.00 NA 0.00 9.93 -1% -1.44 0.00 8.49 -15% 
6 CLC 5.21 0.00 0.00 0.00 -0.86 0.87 5.23 0% -0.86 0.87 5.23 0% 
7 CLC 29.40 0.00 0.00 0.00 NA 0.00 29.40 0% NA 0.00 29.40 0% 
8 CLC 0.54 0.00 -0.07 0.00 NA 0.00 0.47 -14% NA 0.00 0.47 -14% 
9 CLC 6.69 0.00 0.00 0.00 -0.87 1.16 6.98 4% -0.72 1.19 7.16 7% 

10 CLC 2.29 0.00 0.00 -0.17 -0.87 0.25 1.51 -34% -0.87 0.25 1.51 -34% 
11 CLC 1.46 0.00 -0.03 0.00 -1.07 0.07 0.44 -70% -1.08 0.07 0.43 -71% 
12 CLC 6.71 -0.16 0.00 0.00 NA 0.00 6.55 -2% NA 0.00 6.55 -2% 
13 CLC 1.44 0.00 0.00 -0.05 NA 0.00 1.39 -4% -1.18 0.04 0.25 -82% 
14 CLC 3.48 0.00 0.00 0.00 NA 0.00 3.48 0% -1.29 0.44 2.62 -25% 
15 CLC 5.29 0.00 0.00 0.13 NA 0.00 5.41 2% -2.10 0.00 3.31 -37% 
16 National Grid 1.03 0.00 0.00 0.00 NA 0.00 1.03 0% NA 0.00 1.03 0% 
17 National Grid 11.39 0.09 0.00 0.00 NA 0.00 11.48 1% -10.61 0.00 0.87 -92% 
18 National Grid 3.55 0.00 0.00 0.00 -0.03 0.00 3.53 -1% -0.03 0.00 3.53 -1% 
19 National Grid 10.49 0.00 0.00 0.00 -4.44 0.00 6.05 -42% -8.77 0.00 1.72 -84% 
20 National Grid 20.02 0.00 0.00 0.50 -1.99 0.00 18.52 -7% -1.99 0.00 18.52 -7% 
21 National Grid 4.39 0.01 0.00 0.00 0.00 0.00 4.40 0% 0.00 0.00 4.40 0% 
22 National Grid 4.64 0.00 0.76 -0.36 NA 0.00 5.05 9% -3.33 0.00 1.72 -63% 
23 National Grid 5.09 0.00 0.00 -0.13 -2.37 0.00 2.59 -49% -2.44 0.00 2.53 -50% 
24 National Grid 11.89 0.00 0.79 -2.57 -2.74 1.47 8.85 -26% -2.74 1.47 8.85 -26% 
25 National Grid 4.07 0.00 0.00 0.00 -2.74 0.27 1.60 -61% -2.74 0.27 1.60 -61% 
26 National Grid 0.78 0.00 0.00 0.00 -0.28 0.00 0.51 -35% -0.63 0.00 0.15 -81% 
27 National Grid 4.59 0.00 0.00 0.09 -0.01 0.93 5.61 22% -0.01 0.93 5.61 22% 
28 National Grid 1.25 0.00 0.00 0.00 -1.17 0.02 0.09 -93% -1.16 0.02 0.11 -91% 
29 National Grid 22.33 0.07 0.00 2.62 -7.99 3.41 20.44 -8% -7.99 3.41 20.44 -8% 
30 National Grid 12.58 0.01 0.00 -0.04 -0.89 2.33 13.99 11% -0.89 2.33 13.99 11% 
31 National Grid 11.43 0.00 -1.61 0.47 NA 0.00 10.29 -10% -3.45 0.00 6.84 -40% 
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32 National Grid 0.34 0.00 0.00 0.00 -0.09 0.00 0.25 -26% -0.09 0.00 0.25 -26% 
33 National Grid 16.58 0.00 0.00 0.70 -5.23 0.00 12.06 -27% -5.23 0.00 12.06 -27% 
34 National Grid 9.52 0.00 0.00 -0.27 NA 0.00 9.25 -3% NA 0.00 9.25 -3% 
35 National Grid 3.42 0.00 0.00 -0.04 -0.33 0.61 3.66 7% -0.33 0.61 3.66 7% 
36 National Grid 11.40 0.00 0.00 -0.15 NA 0.00 11.25 -1% NA 0.00 11.25 -1% 
37 National Grid 26.40 0.00 0.00 0.00 -11.84 2.91 17.47 -34% -11.84 2.91 17.47 -34% 
38 National Grid 1.68 0.00 -0.03 -0.16 -0.60 0.00 0.89 -47% -0.60 0.00 0.89 -47% 
39 National Grid 5.21 0.00 0.00 0.00 -5.13 0.00 0.08 -98% -0.80 0.00 4.42 -15% 
40 National Grid 2.61 0.00 0.04 0.70 NA 0.00 3.36 28% NA 0.00 3.36 28% 
41 National Grid 16.03 0.00 0.34 0.67 -2.52 2.90 17.41 9% -2.52 2.90 17.41 9% 
42 National Grid 0.86 0.00 0.00 -0.94 0.00 0.00 -0.09 -110% 0.00 0.00 -0.09 -110% 
43 National Grid 17.76 0.00 0.00 0.06 -0.73 0.00 17.09 -4% -0.73 0.00 17.09 -4% 
44 National Grid 29.60 0.05 1.31 -0.52 -3.10 0.00 27.34 -8% -3.10 0.00 27.34 -8% 
45 National Grid 4.95 0.00 0.00 0.00 NA 0.00 4.95 0% NA 0.00 4.95 0% 
46 National Grid 0.11 0.00 0.00 0.00 NA 0.00 0.11 0% NA 0.00 0.11 0% 
47 National Grid 50.21 0.00 0.00 0.00 -42.30 1.58 9.49 -81% -42.30 1.58 9.49 -81% 
48 National Grid 27.06 0.00 -3.52 0.00 -22.90 0.13 0.77 -97% -22.90 0.13 0.77 -97% 
49 National Grid 9.49 0.00 0.00 -0.08 -5.28 0.82 4.95 -48% -5.28 0.82 4.95 -48% 
50 National Grid 7.04 0.00 0.00 0.00 NA 0.00 7.04 0% NA 0.00 7.04 0% 
51 National Grid 8.73 0.00 0.00 0.00 -0.65 0.00 8.08 -7% -0.65 0.00 8.08 -7% 
52 National Grid 18.74 0.03 0.00 0.00 NA 0.00 18.77 0% -12.32 1.29 7.75 -59% 
53 National Grid 5.53 0.00 -0.02 0.00 -1.49 0.00 4.03 -27% -1.49 0.00 4.03 -27% 
54 NSTAR 10.56 0.00 0.73 0.40 -0.26 2.28 13.70 30% -0.26 2.28 13.70 30% 
55 NSTAR 0.87 0.00 0.00 0.00 0.00 0.17 1.05 20% 0.00 0.17 1.05 20% 
56 NSTAR 5.63 0.00 -0.06 -0.10 -1.18 0.00 4.29 -24% -1.18 0.00 4.29 -24% 
57 NSTAR 0.17 0.00 0.00 0.00 -0.12 0.01 0.06 -63% 0.00 0.03 0.20 20% 
58 NSTAR 0.28 0.00 0.00 0.00 -0.12 0.03 0.19 -30% -0.12 0.03 0.19 -30% 
59 NSTAR 47.95 0.00 0.00 0.71 -19.53 0.00 29.12 -39% -19.53 0.00 29.12 -39% 
60 NSTAR 1.43 0.00 -0.03 0.17 -0.33 0.25 1.50 5% -0.33 0.25 1.50 5% 
61 NSTAR 4.12 0.00 -0.89 -0.06 -0.83 0.47 2.81 -32% -0.83 0.47 2.81 -32% 
62 NSTAR 1.42 0.00 0.00 0.00 -0.96 0.09 0.55 -61% -0.96 0.09 0.55 -61% 
63 NSTAR 4.20 0.00 0.00 0.00 -0.08 0.00 4.12 -2% -0.08 0.00 4.12 -2% 
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64 NSTAR 11.11 0.00 0.00 1.40 -6.61 0.00 5.90 -47% -6.61 0.00 5.90 -47% 
65 NSTAR 1.00 0.00 0.00 0.00 -0.78 0.04 0.26 -74% -0.78 0.04 0.26 -74% 
66 NSTAR 2.00 0.00 0.28 -0.17 -0.03 0.00 2.07 4% -0.03 0.00 2.07 4% 
67 NSTAR 10.38 0.00 0.00 0.16 NA 0.00 10.54 2% NA 0.00 10.54 2% 
68 NSTAR 3.15 0.00 0.00 -0.04 0.00 0.62 3.72 18% 0.00 0.62 3.72 18% 
69 NSTAR 7.01 0.00 0.00 0.00 NA 0.00 7.01 0% NA 0.00 7.01 0% 
70 NSTAR 1.01 0.00 0.00 0.00 NA 0.00 1.01 0% NA 0.00 1.01 0% 
71 NSTAR 1.95 0.00 -0.04 0.00 -0.38 0.31 1.83 -6% -0.38 0.31 1.83 -6% 
72 NSTAR 16.82 0.00 0.00 -0.09 NA 0.00 16.73 -1% NA 0.00 16.73 -1% 
73 NSTAR 23.47 0.00 0.00 0.24 NA 0.00 23.71 1% NA 0.00 23.71 1% 
74 NSTAR 1.51 0.00 0.14 -0.04 -0.02 0.32 1.92 27% -0.02 0.32 1.92 27% 
75 NSTAR 1.07 0.00 0.00 0.00 0.00 0.21 1.28 20% 0.00 0.21 1.28 20% 
76 NSTAR 24.76 0.00 0.00 0.00 -3.82 0.00 20.94 -15% -3.70 0.00 21.06 -15% 
77 NSTAR 0.04 0.00 0.00 0.00 NA 0.00 0.04 0% NA 0.00 0.04 0% 
78 NSTAR 9.00 0.00 0.02 -0.21 -7.19 0.00 1.63 -82% -7.19 0.00 1.63 -82% 
79 NSTAR 3.58 0.00 0.00 0.00 -0.85 0.55 3.28 -8% -0.85 0.55 3.28 -8% 
80 NSTAR 0.69 0.00 0.00 0.00 -0.19 0.10 0.60 -14% -0.19 0.10 0.60 -14% 
81 NSTAR 25.35 0.00 0.00 -2.10 -1.71 0.00 21.54 -15% -1.71 0.00 21.54 -15% 
82 NSTAR 12.59 0.00 0.00 0.00 -0.91 2.34 14.02 11% -0.91 2.34 14.02 11% 
83 NSTAR 0.64 0.00 0.00 0.00 NA 0.00 0.64 0% NA 0.00 0.64 0% 
84 NSTAR 0.58 0.00 0.00 0.00 0.00 0.12 0.69 20% 0.00 0.12 0.69 20% 
85 NSTAR 1.32 0.00 0.00 -0.56 -0.04 0.14 0.87 -34% -0.04 0.14 0.87 -34% 
86 NSTAR 9.48 0.00 -2.17 0.26 -3.85 0.00 3.71 -61% -3.85 0.00 3.71 -61% 
87 NSTAR 14.02 0.00 0.00 -0.14 NA 0.00 13.88 -1% NA 0.00 13.88 -1% 
88 NSTAR 9.32 0.00 0.00 0.00 NA 0.00 9.32 0% NA 0.00 9.32 0% 
89 NSTAR 1.99 0.00 0.00 0.23 -0.16 0.00 2.06 4% -0.16 0.00 2.06 4% 
90 NSTAR 1.11 0.00 0.00 0.00 NA 0.00 1.11 0% NA 0.00 1.11 0% 
91 NSTAR 21.05 0.00 0.27 -0.17 NA 0.00 21.15 0% NA 0.00 21.15 0% 
92 NSTAR 25.13 0.00 0.00 0.00 -2.50 4.53 27.16 8% -2.50 4.53 27.16 8% 
93 NSTAR 28.68 0.00 0.00 0.25 -0.94 5.60 33.59 17% -0.94 5.60 33.59 17% 
94 NSTAR 0.92 0.00 0.00 0.00 NA 0.00 0.92 0% NA 0.00 0.92 0% 
95 NSTAR 20.45 0.00 0.00 -0.05 -0.60 3.96 23.77 16% -0.60 3.96 23.77 16% 
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96 NSTAR 2.70 0.00 0.00 0.15 NA 0.00 2.85 5% NA 0.00 2.85 5% 
97 NSTAR 0.76 0.00 0.00 -0.04 0.00 0.00 0.72 -6% 0.00 0.00 0.72 -6% 
98 Unitil 2.03 0.00 0.00 0.00 -0.61 0.28 1.71 -16% -0.29 0.35 2.09 3% 
99 Unitil 10.32 0.00 0.00 0.00 NA 0.00 10.32 0% NA 0.00 10.32 0% 

100 Unitil 1.98 0.00 0.00 0.00 -0.01 0.00 1.97 -1% -0.01 0.00 1.97 -1% 
101 Unitil 2.40 0.00 0.00 0.00 -1.08 0.00 1.33 -45% -1.08 0.00 1.33 -45% 
102 Unitil 7.45 0.10 0.00 0.45 -0.86 1.43 8.57 15% -0.86 1.43 8.57 15% 
103 Unitil 1.98 0.00 0.00 0.06 -0.13 0.38 2.29 16% -0.13 0.38 2.29 16% 
104 WMECO 1.24 -0.23 0.00 0.00 -0.60 0.00 0.41 -67% -0.60 0.00 0.41 -67% 
105 WMECO 14.92 -0.34 -1.93 0.00 -5.05 1.52 9.10 -39% -5.05 1.52 9.10 -39% 
106 WMECO 2.00 -1.02 0.00 0.00 -0.10 0.00 0.87 -56% -0.10 0.00 0.87 -56% 
107 WMECO 4.06 0.95 0.00 0.00 -2.68 0.47 2.80 -31% -2.68 0.47 2.80 -31% 
108 WMECO 1.98 0.00 -0.04 -0.17 -0.84 0.00 0.94 -53% -0.84 0.00 0.94 -53% 
109 WMECO 10.01 -1.34 0.00 0.00 NA 0.00 8.67 -13% -3.68 1.00 5.99 -40% 
110 WMECO 6.00 0.36 0.00 0.00 NA 0.00 6.36 6% NA 0.00 6.36 6% 
111 WMECO 7.32 -3.46 0.00 0.00 -1.42 0.49 2.94 -60% -1.42 0.49 2.94 -60% 
112 WMECO 3.09 5.44 -0.36 0.13 NA 0.00 8.30 169% -3.93 0.00 4.37 41% 
113 WMECO 9.72 1.38 0.00 0.30 -9.79 0.00 1.61 -83% -9.79 0.00 1.61 -83% 
114 WMECO 27.03 -3.14 0.00 0.00 -4.88 3.80 22.82 -16% -4.88 3.80 22.82 -16% 
115 WMECO 7.93 0.80 0.36 0.00 -3.33 1.15 6.92 -13% -3.33 1.15 6.92 -13% 
116 WMECO 11.02 2.42 0.00 0.00 NA 0.00 13.44 22% -7.18 1.25 7.51 -32% 
117 WMECO 1.39 0.02 0.00 0.00 NA 0.00 1.40 1% NA 0.00 1.40 1% 
118 WMECO 4.22 -1.73 0.00 0.00 -0.50 0.00 2.00 -53% -0.50 0.00 2.00 -53% 
119 WMECO 1.40 -0.49 0.00 0.00 NA 0.00 0.91 -35% NA 0.00 0.91 -35% 
120 WMECO 6.72 -1.12 0.00 0.00 NA 0.00 5.60 -17% NA 0.00 5.60 -17% 
121 WMECO 1.58 0.34 0.00 0.00 -0.60 0.00 1.33 -16% -0.86 0.00 1.06 -33% 
122 WMECO 0.67 -0.02 0.00 -0.03 NA 0.00 0.62 -7% -0.54 0.00 0.08 -88% 
123 WMECO 23.20 -2.67 0.00 0.00 -2.33 3.64 21.85 -6% -2.33 3.64 21.85 -6% 
124 WMECO 18.44 13.14 0.00 0.00 0.00 0.00 31.58 71% 0.00 0.00 31.58 71% 
125 WMECO 0.08 0.00 0.00 0.00 NA 0.00 0.08 0% NA 0.00 0.08 0% 
126 WMECO 4.08 2.64 0.00 0.00 -1.43 1.06 6.34 55% -1.43 1.06 6.34 55% 
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Table A-3. Adjustments to Gross Winter Peak Demand Savings, by Site 

Site ID PA 

Tracking  
Connected  

kW 

   Winter Study Multi-Season Study 
Documentation 

(kW) 
Technology 

(kW) 
Quantity 

(kW) 
Coincidence  

(kW) 
Heating 

(kW) 
Gross  

kW %Diff 
Coincidence  

(kW) 
Heating 

(kW) 
Gross  

kW %Diff 
1 CLC 4.61 0.00 0.00 0.00 -2.37 0.00 2.24 -51% -2.37 0.00 2.24 -51% 
2 CLC 5.54 -0.02 0.00 -0.38 NA NA 5.14 -7% NA NA 5.14 -7% 
3 CLC 1.64 0.02 0.00 -0.02 -0.03 0.00 1.61 -2% -0.02 0.00 1.62 -1% 
4 CLC 1.23 0.00 0.00 0.00 -0.04 0.00 1.19 -3% -0.04 0.00 1.19 -3% 
5 CLC 9.98 -0.05 0.00 0.00 NA NA 9.93 -1% -8.06 0.00 1.86 -81% 
6 CLC 5.21 0.00 0.00 0.00 -4.57 0.00 0.65 -88% -4.57 0.00 0.65 -88% 
7 CLC 29.40 0.00 0.00 0.00 NA NA 29.40 0% NA NA 29.40 0% 
8 CLC 0.54 0.00 -0.07 0.00 NA NA 0.47 -14% NA NA 0.47 -14% 
9 CLC 6.69 0.00 0.00 0.00 -0.99 0.00 5.70 -15% -0.83 0.00 5.86 -12% 

10 CLC 2.29 0.00 0.00 -0.17 -1.96 0.00 0.17 -93% -1.96 0.00 0.17 -93% 
11 CLC 1.46 0.00 -0.03 0.00 -1.43 0.00 0.01 -100% -1.43 0.00 0.01 -100% 
12 CLC 6.71 -0.16 0.00 0.00 NA NA 6.55 -2% NA NA 6.55 -2% 
13 CLC 1.44 0.00 0.00 -0.05 NA NA 1.39 -4% -1.20 0.00 0.19 -87% 
14 CLC 3.48 0.00 0.00 0.00 NA NA 3.48 0% -3.33 0.00 0.14 -96% 
15 CLC 5.29 0.00 0.00 0.13 NA NA 5.41 2% -3.12 0.00 2.29 -57% 
16 National Grid 1.03 0.00 0.00 0.00 NA NA 1.03 0% NA NA 1.03 0% 
17 National Grid 11.39 0.09 0.00 0.00 NA NA 11.48 1% -8.91 0.00 2.56 -77% 
18 National Grid 3.55 0.00 0.00 0.00 -0.71 0.00 2.84 -20% -0.71 0.00 2.84 -20% 
19 National Grid 10.49 0.00 0.00 0.00 -8.88 0.00 1.61 -85% -8.54 0.00 1.95 -81% 
20 National Grid 20.02 0.00 0.00 0.50 -2.80 0.00 17.71 -12% -2.80 0.00 17.71 -12% 
21 National Grid 4.39 0.01 0.00 0.00 -0.05 0.00 4.35 -1% -0.05 0.00 4.35 -1% 
22 National Grid 4.64 0.00 0.76 -0.36 NA NA 5.05 9% -4.18 0.00 0.87 -81% 
23 National Grid 5.09 0.00 0.00 -0.13 -4.37 0.00 0.60 -88% -4.37 0.00 0.60 -88% 
24 National Grid 11.89 0.00 0.79 -2.57 -5.97 0.00 4.15 -65% -5.97 0.00 4.15 -65% 
25 National Grid 4.07 0.00 0.00 0.00 -3.66 0.00 0.41 -90% -3.66 0.00 0.41 -90% 
26 National Grid 0.78 0.00 0.00 0.00 -0.64 0.00 0.14 -82% -0.64 0.00 0.14 -82% 
27 National Grid 4.59 0.00 0.00 0.09 -0.01 0.00 4.67 2% -0.01 0.00 4.67 2% 
28 National Grid 1.25 0.00 0.00 0.00 -1.18 0.00 0.07 -94% -1.18 0.00 0.07 -94% 
29 National Grid 22.33 0.07 0.00 2.62 -23.75 0.00 1.27 -94% -23.75 0.00 1.27 -94% 
30 National Grid 12.58 0.01 0.00 -0.04 -2.60 0.00 9.96 -21% -2.60 0.00 9.96 -21% 
31 National Grid 11.43 0.00 -1.61 0.47 NA NA 10.29 -10% -7.87 0.00 2.41 -79% 
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Site ID PA 

Tracking  
Connected  

kW 

   Winter Study Multi-Season Study 
Documentation 

(kW) 
Technology 

(kW) 
Quantity 

(kW) 
Coincidence  

(kW) 
Heating 

(kW) 
Gross  

kW %Diff 
Coincidence  

(kW) 
Heating 

(kW) 
Gross  

kW %Diff 
32 National Grid 0.34 0.00 0.00 0.00 -0.09 0.00 0.25 -25% -0.09 0.00 0.25 -25% 
33 National Grid 16.58 0.00 0.00 0.70 -16.99 0.00 0.30 -98% -16.99 0.00 0.30 -98% 
34 National Grid 9.52 0.00 0.00 -0.27 NA NA 9.25 -3% NA NA 9.25 -3% 
35 National Grid 3.42 0.00 0.00 -0.04 -0.30 0.00 3.08 -10% -0.30 0.00 3.08 -10% 
36 National Grid 11.40 0.00 0.00 -0.15 NA NA 11.25 -1% NA NA 11.25 -1% 
37 National Grid 26.40 0.00 0.00 0.00 -15.31 0.00 11.09 -58% -15.31 0.00 11.09 -58% 
38 National Grid 1.68 0.00 -0.03 -0.16 -1.49 0.00 0.00 -100% -1.49 0.00 0.00 -100% 
39 National Grid 5.21 0.00 0.00 0.00 -5.21 0.00 0.00 -100% -5.21 0.00 0.00 -100% 
40 National Grid 2.61 0.00 0.04 0.70 NA NA 3.36 28% NA NA 3.36 28% 
41 National Grid 16.03 0.00 0.34 0.67 -1.51 0.00 15.52 -3% -1.51 0.00 15.52 -3% 
42 National Grid 0.86 0.00 0.00 -0.94 -0.26 0.00 -0.34 -140% -0.26 0.00 -0.34 -140% 
43 National Grid 17.76 0.00 0.00 0.06 -0.69 0.00 17.14 -4% -0.69 0.00 17.14 -4% 
44 National Grid 29.60 0.05 1.31 -0.52 -4.36 0.00 26.08 -12% -4.36 0.00 26.08 -12% 
45 National Grid 4.95 0.00 0.00 0.00 NA NA 4.95 0% NA NA 4.95 0% 
46 National Grid 0.11 0.00 0.00 0.00 NA NA 0.11 0% NA NA 0.11 0% 
47 National Grid 50.21 0.00 0.00 0.00 -44.10 0.00 6.11 -88% -44.10 0.00 6.11 -88% 
48 National Grid 27.06 0.00 -3.52 0.00 -22.90 0.00 0.64 -98% -22.90 0.00 0.64 -98% 
49 National Grid 9.49 0.00 0.00 -0.08 -5.19 0.00 4.22 -56% -5.19 0.00 4.22 -56% 
50 National Grid 7.04 0.00 0.00 0.00 NA NA 7.04 0% NA NA 7.04 0% 
51 National Grid 8.73 0.00 0.00 0.00 -3.95 0.00 4.78 -45% -3.95 0.00 4.78 -45% 
52 National Grid 18.74 0.03 0.00 0.00 NA NA 18.77 0% -11.04 0.00 7.73 -59% 
53 National Grid 5.53 0.00 -0.02 0.00 -3.88 0.00 1.64 -70% -3.88 0.00 1.64 -70% 
54 NSTAR 10.56 0.00 0.73 0.40 -0.41 0.00 11.27 7% -0.41 0.00 11.27 7% 
55 NSTAR 0.87 0.00 0.00 0.00 0.00 0.00 0.87 0% 0.00 0.00 0.87 0% 
56 NSTAR 5.63 0.00 -0.06 -0.10 -0.99 0.00 4.49 -20% -0.99 0.00 4.49 -20% 
57 NSTAR 0.17 0.00 0.00 0.00 -0.17 0.00 0.00 -100% -0.17 0.00 0.00 -100% 
58 NSTAR 0.28 0.00 0.00 0.00 -0.22 0.00 0.06 -80% -0.22 0.00 0.06 -80% 
59 NSTAR 47.95 0.00 0.00 0.71 -47.33 0.00 1.32 -97% -47.33 0.00 1.32 -97% 
60 NSTAR 1.43 0.00 -0.03 0.17 -0.36 0.00 1.22 -15% -0.36 0.00 1.22 -15% 
61 NSTAR 4.12 0.00 -0.89 -0.06 -2.63 0.00 0.54 -87% -2.63 0.00 0.54 -87% 
62 NSTAR 1.42 0.00 0.00 0.00 -0.97 0.00 0.45 -68% -0.97 0.00 0.45 -68% 
63 NSTAR 4.20 0.00 0.00 0.00 -2.92 0.00 1.28 -70% -2.92 0.00 1.28 -70% 
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Site ID PA 

Tracking  
Connected  

kW 

   Winter Study Multi-Season Study 
Documentation 

(kW) 
Technology 

(kW) 
Quantity 

(kW) 
Coincidence  

(kW) 
Heating 

(kW) 
Gross  

kW %Diff 
Coincidence  

(kW) 
Heating 

(kW) 
Gross  

kW %Diff 
64 NSTAR 11.11 0.00 0.00 1.40 -8.28 0.00 4.23 -62% -8.28 0.00 4.23 -62% 
65 NSTAR 1.00 0.00 0.00 0.00 -0.77 0.00 0.22 -78% -0.77 0.00 0.22 -78% 
66 NSTAR 2.00 0.00 0.28 -0.17 -1.54 0.00 0.57 -72% -1.54 0.00 0.57 -72% 
67 NSTAR 10.38 0.00 0.00 0.16 NA NA 10.54 2% NA NA 10.54 2% 
68 NSTAR 3.15 0.00 0.00 -0.04 0.00 0.00 3.10 -1% 0.00 0.00 3.10 -1% 
69 NSTAR 7.01 0.00 0.00 0.00 NA NA 7.01 0% NA NA 7.01 0% 
70 NSTAR 1.01 0.00 0.00 0.00 NA NA 1.01 0% NA NA 1.01 0% 
71 NSTAR 1.95 0.00 -0.04 0.00 -0.18 0.00 1.74 -11% -0.18 0.00 1.74 -11% 
72 NSTAR 16.82 0.00 0.00 -0.09 NA NA 16.73 -1% NA NA 16.73 -1% 
73 NSTAR 23.47 0.00 0.00 0.24 NA NA 23.71 1% NA NA 23.71 1% 
74 NSTAR 1.51 0.00 0.14 -0.04 -0.01 0.00 1.60 6% -0.01 0.00 1.60 6% 
75 NSTAR 1.07 0.00 0.00 0.00 0.00 0.00 1.07 0% 0.00 0.00 1.07 0% 
76 NSTAR 24.76 0.00 0.00 0.00 -23.64 0.00 1.12 -95% -23.82 0.00 0.94 -96% 
77 NSTAR 0.04 0.00 0.00 0.00 NA NA 0.04 0% NA NA 0.04 0% 
78 NSTAR 9.00 0.00 0.02 -0.21 -8.66 0.00 0.16 -98% -8.66 0.00 0.16 -98% 
79 NSTAR 3.58 0.00 0.00 0.00 -3.56 0.00 0.03 -99% -3.56 0.00 0.03 -99% 
80 NSTAR 0.69 0.00 0.00 0.00 -0.57 -0.03 0.12 -83% -0.57 -0.03 0.12 -83% 
81 NSTAR 25.35 0.00 0.00 -2.10 -2.48 0.00 20.77 -18% -2.48 0.00 20.77 -18% 
82 NSTAR 12.59 0.00 0.00 0.00 -0.93 0.00 11.66 -7% -0.93 0.00 11.66 -7% 
83 NSTAR 0.64 0.00 0.00 0.00 NA NA 0.64 0% NA NA 0.64 0% 
84 NSTAR 0.58 0.00 0.00 0.00 0.00 0.00 0.58 0% 0.00 0.00 0.58 0% 
85 NSTAR 1.32 0.00 0.00 -0.56 -0.38 0.00 0.38 -71% -0.38 0.00 0.38 -71% 
86 NSTAR 9.48 0.00 -2.17 0.26 -6.29 0.00 1.28 -86% -6.29 0.00 1.28 -86% 
87 NSTAR 14.02 0.00 0.00 -0.14 NA NA 13.88 -1% NA NA 13.88 -1% 
88 NSTAR 9.32 0.00 0.00 0.00 NA NA 9.32 0% NA NA 9.32 0% 
89 NSTAR 1.99 0.00 0.00 0.23 -0.61 0.00 1.62 -19% -0.61 0.00 1.62 -19% 
90 NSTAR 1.11 0.00 0.00 0.00 NA NA 1.11 0% NA NA 1.11 0% 
91 NSTAR 21.05 0.00 0.27 -0.17 NA NA 21.15 0% NA NA 21.15 0% 
92 NSTAR 25.13 0.00 0.00 0.00 -5.76 0.00 19.37 -23% -5.76 0.00 19.37 -23% 
93 NSTAR 28.68 0.00 0.00 0.25 0.00 0.00 28.93 1% 0.00 0.00 28.93 1% 
94 NSTAR 0.92 0.00 0.00 0.00 NA NA 0.92 0% NA NA 0.92 0% 
95 NSTAR 20.45 0.00 0.00 -0.05 -1.93 0.00 18.47 -10% -1.93 0.00 18.47 -10% 
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Site ID PA 

Tracking  
Connected  

kW 

   Winter Study Multi-Season Study 
Documentation 

(kW) 
Technology 

(kW) 
Quantity 

(kW) 
Coincidence  

(kW) 
Heating 

(kW) 
Gross  

kW %Diff 
Coincidence  

(kW) 
Heating 

(kW) 
Gross  

kW %Diff 
96 NSTAR 2.70 0.00 0.00 0.15 NA NA 2.85 5% NA NA 2.85 5% 
97 NSTAR 0.76 0.00 0.00 -0.04 0.00 0.00 0.72 -6% 0.00 0.00 0.72 -6% 
98 Unitil 2.03 0.00 0.00 0.00 -1.83 0.00 0.20 -90% -1.83 0.00 0.20 -90% 
99 Unitil 10.32 0.00 0.00 0.00 NA NA 10.32 0% NA NA 10.32 0% 

100 Unitil 1.98 0.00 0.00 0.00 -0.53 0.00 1.45 -27% -0.53 0.00 1.45 -27% 
101 Unitil 2.40 0.00 0.00 0.00 -2.09 0.00 0.32 -87% -2.09 0.00 0.32 -87% 
102 Unitil 7.45 0.10 0.00 0.45 -7.23 0.00 0.77 -90% -7.23 0.00 0.77 -90% 
103 Unitil 1.98 0.00 0.00 0.06 -0.05 0.00 1.99 0% -0.05 0.00 1.99 0% 
104 WMECO 1.24 -0.23 0.00 0.00 -0.86 0.00 0.15 -88% -0.86 0.00 0.15 -88% 
105 WMECO 14.92 -0.34 -1.93 0.00 -7.56 0.00 5.08 -66% -7.56 0.00 5.08 -66% 
106 WMECO 2.00 -1.02 0.00 0.00 -0.28 0.00 0.69 -65% -0.28 0.00 0.69 -65% 
107 WMECO 4.06 0.95 0.00 0.00 -3.73 0.00 1.28 -69% -3.73 0.00 1.28 -69% 
108 WMECO 1.98 0.00 -0.04 -0.17 -1.36 0.00 0.41 -79% -1.36 0.00 0.41 -79% 
109 WMECO 10.01 -1.34 0.00 0.00 NA NA 8.67 -13% -5.15 0.00 3.52 -65% 
110 WMECO 6.00 0.36 0.00 0.00 NA NA 6.36 6% NA NA 6.36 6% 
111 WMECO 7.32 -3.46 0.00 0.00 -2.48 0.00 1.39 -81% -2.48 0.00 1.39 -81% 
112 WMECO 3.09 5.44 -0.36 0.13 NA NA 8.30 169% -8.30 0.00 0.00 -100% 
113 WMECO 9.72 1.38 0.00 0.30 -9.58 0.00 1.82 -81% -9.58 0.00 1.82 -81% 
114 WMECO 27.03 -3.14 0.00 0.00 -7.31 0.00 16.58 -39% -7.31 0.00 16.58 -39% 
115 WMECO 7.93 0.80 0.36 0.00 -6.66 0.00 2.43 -69% -6.66 0.00 2.43 -69% 
116 WMECO 11.02 2.42 0.00 0.00 NA NA 13.44 22% -8.05 0.00 5.39 -51% 
117 WMECO 1.39 0.02 0.00 0.00 NA NA 1.40 1% NA NA 1.40 1% 
118 WMECO 4.22 -1.73 0.00 0.00 -1.13 0.00 1.37 -68% -1.13 0.00 1.37 -68% 
119 WMECO 1.40 -0.49 0.00 0.00 NA NA 0.91 -35% NA NA 0.91 -35% 
120 WMECO 6.72 -1.12 0.00 0.00 NA NA 5.60 -17% NA NA 5.60 -17% 
121 WMECO 1.58 0.34 0.00 0.00 -1.25 0.00 0.67 -58% -1.28 0.00 0.64 -59% 
122 WMECO 0.67 -0.02 0.00 -0.03 NA NA 0.62 -7% -0.62 0.00 0.00 -100% 
123 WMECO 23.20 -2.67 0.00 0.00 -2.07 -4.98 18.46 -20% -2.07 -4.98 18.46 -20% 
124 WMECO 18.44 13.14 0.00 0.00 0.00 0.00 31.58 71% 0.00 0.00 31.58 71% 
125 WMECO 0.08 0.00 0.00 0.00 NA NA 0.08 0% NA NA 0.08 0% 
126 WMECO 4.08 2.64 0.00 0.00 -2.51 0.00 4.20 3% -2.51 0.00 4.20 3% 
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APPENDIX B: LOGGER ANALYSIS CALCULATIONS 

Calculation of Annual Operating Hours 
Cadmus and ERS collected logger data during winter, summer, and fall. Some measures were 
logged during one season, while other measures were logged during parts of two or three 
seasons. The method for selecting sites for summer logging is detailed in the Evaluation Methods 
section of this report. 

On each site visit, technicians asked the customer to report the facility’s average operating hours 
per week in each season (winter: December-February; spring: March-May; summer: June-
August; fall: September-November). Cadmus combined all available logger data and the 
seasonal hours reported by the customer to calculate annual lighting operating hours for each 
measure, as described in the following steps: 

• Used logger data to determine the average operating hours in each logged season on (1) 
weekdays, (2) Saturdays, and (3) Sundays or federal holidays.  

• Calculated the operating hours in each logged season by combining the weekday, 
Saturday, and Sunday/holiday hours according to the number of occurrences of each day 
type on the 2010 calendar.  

• Divided the total operating hours for each logged season by the number of weeks in the 
season to calculate the average operating hours per week in each logged season. 

• Extrapolated logger data to calculate the average operating hours per week in the 
remaining seasons by multiplying average operating hours in the logged season by the 
ratio of reported operation in that season to reported operation in the logged season. 

 When using winter data to calculate use in other seasons, we removed logger data 
collected from December 19 to January 2 because business operation around the 
Christmas and New Year holidays tends not to represent the rest of the year. 

 For measures that were logged both in the original site visit and the multi-season 
study, we calculated spring operating hours with both winter and summer data, then 
we averaged the two to determine the best estimate for spring. 

• Calculated the operating hours in each season that were not logged by multiplying the 
average hours per week by the number of weeks in the season. 

• Summed the operating hours in each season to determine the annual operating hours for 
each logged measure. 
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Using the methodology described above, the formula for annual operating hours for measures 
that were logged only in the original winter study is: 

 

For sites without reported seasonal variation, this formula is simplified as: 

 

The annual operating hours formula for measures that were logged both in the original site visit 
and the multi-season study is: 

 

Where: 

 

 

Calculation of Seasonal Peak Coincidence Factor  
This section details the methodology Cadmus used to calculate seasonal peak coincidence 
factors, using logger data and ISO-NE seasonal peak hour data. 

After each summer and winter month, since June 2010, ISO-NE publishes a report showing all 
seasonal peak hours occurring in the month.45 ISO-NE reported 161 seasonal peak hours 
between June and August 2010, and 99 seasonal peak hours in December 2010. As shown in 
Figure B1, ISO-NE data were used to determine a frequency distribution for the time of day in 
each season when seasonal peak hours occurred. As ISO-NE did not report seasonal peak data in 
January 2010, only December data were used for timing winter seasonal peak occurrences. 

                                                 

45 Forward Capacity Market Seasonal Peak Hour Reports:  
http://iso-ne.com/markets/othrmkts_data/fcm/reports/snlph/2010/index.html 

B-77

http://iso-ne.com/markets/othrmkts_data/fcm/reports/snlph/2010/index.html


Massachusetts Energy Efficiency Program Administrators June 14, 2012 

The Cadmus Group, Inc. / Energy Services 71 

 

Figure B1. Time Distribution of 2010 System Peak Occurrences 
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For each logger, Cadmus compared the average percentage that  lights were operated during each 
hour of the day corresponding with any 2010 seasonal peak occurrences, then calculated the 
seasonal peak coincidence factors by taking a weighted percentage of logger data and the 
frequency of seasonal peak occurrence during each hour. An example of these calculations for 
one logger is shown in the following tables. 
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Table B1. Sample Calculation of Lighting Coincidence Factor for Summer Seasonal Peak 
Hour 

Ending 
Percentage of Logged Lights 

On During Hour 
Weighting Based on  
2010 ISO Peak Data 

Summer Seasonal Peak 
Coincidence Factor 

10:00 7.3% 1.2% 

62% 

11:00 26.1% 2.5% 

12:00 58.4% 6.2% 

13:00 69.1% 10.6% 

14:00 70.8% 11.2% 

15:00 70.7% 12.4% 

16:00 70.8% 13.0% 

17:00 67.1% 13.7% 

18:00 62.5% 11.2% 

19:00 61.0% 7.5% 

20:00 53.7% 4.3% 

21:00 33.3% 4.3% 

22:00 6.3% 1.9% 

 

Table B2. Sample Calculation of Lighting Coincidence Factor for Winter Seasonal Peak 
Hour 

Ending 
Percentage of Logged Lights 

On During Hour 
Weighting Based on  
2010 ISO Peak Data 

Winter Seasonal Peak 
Coincidence Factor 

9:00 2.9% 3.0% 

40% 

10:00 3.5% 2.0% 

11:00 10.1% 3.0% 

12:00 29.0% 1.0% 

13:00 54.2% 1.0% 

14:00 65.5% 1.0% 

15:00 62.2% 1.0% 

16:00 53.9% 1.0% 

17:00 50.4% 15.2% 

18:00 47.8% 19.2% 

19:00 46.6% 18.2% 

20:00 41.2% 18.2% 

21:00 28.9% 15.2% 

22:00 11.1% 1.0% 
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APPENDIX C: ANALYSIS CALCULATIONS 

Energy and demand savings impacts are calculated at the measure-level, site-level and program 
level using collected data and the analysis methodology described below. Field-verified 
installation data and time-of-use (TOU) data are used to calculate a series of evaluation 
adjustments at the measure level; measure-level results are summed to determine site results; and 
site results are weighted to determine program impacts. 

This section describes the calculations of measure-level evaluation adjustments, site-by-site 
results, and calculation of program impacts. 

Evaluation Adjustments 
This section details the methodology Cadmus used to calculate evaluation adjustments for all 
non-controls lighting measures. 

Documentation Adjustment 
The documentation adjusted energy and demand savings are calculated using the pre-retrofit 
(“pre”) and post-retrofit (“post”) quantity, fixture code, and operating hours data provided for 
each measure by the PAs. The pre and post fixture wattages are looked up from the statewide 
wattage tables using the reported fixture code.46 

 

 

The documentation adjustment is calculated as the difference between the documentation 
adjusted savings and the tracking savings provided by the PAs: 

 

 

Technology Adjustment 
The technology adjusted energy and demand savings are calculated by updating the post-retrofit 
fixture type from PA tracking information with the actual post-retrofit fixture type verified 
during site visits. The verified post-retrofit fixture wattage is looked up using the statewide 
wattage tables and the verified post-retrofit fixture type or code.  

 

 
                                                 

46 Statewide wattage tables were used for Unitil, and WMECO; PA-specific wattage tables were used for CLC and 
National Grid. For NSTAR, a discrepancy between tracked fixture code and fixture wattage was identified; 
since the fixture code was tracked incorrectly, we used the tracked fixture kW directly, effectively setting the 
documentation adjustment to zero. 
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The technology adjustment is calculated as the difference between the technology adjusted 
savings and the documentation adjusted savings: 

 

 

Quantity Adjustment 
The quantity adjusted energy and demand savings are calculated by updating the post-retrofit 
fixture quantity from PA tracking information with the actual post-retrofit fixture quantity 
verified during site visits.  

 

 

The quantity adjustment is calculated as the difference between the quantity adjusted savings and 
the technology adjusted savings: 

 

 

Note: The quantity adjusted demand reduction ( ) is equal to the adjusted gross connected 
kW reduction ( ); it is the connected kW reduction reported by the PAs with appropriate 
documentation, technology, and quantity adjustments applied.  

Operation Adjustment 
The operation adjusted energy savings are calculated by updating the estimated annual operating 
hours of the post-retrofit lighting fixtures with the annual operating hours estimated from the 
TOU logger data.  

 

• For measures that were logged, the operating hours ( ) is calculated using 
the time-of-use logger data as described in Appendix B. 

• For measures that were not logged, the measure operating hours is estimated as a 
weighted average of the hours realization rates for the logged measures at the same site, 
using the measure connected kW as the weighting factor: 
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Where:   
Hoursverified,j = Verified annual hours for non-logged measure j 
Hourstracking,j = Tracking estimate of annual hours for non-logged measure j 
Hoursverified,i = Verified annual hours for logged measure i 
Hourstracking,i = Tracking estimate of  annual hours for logged measure i 
Connected kWi = Connected kW for logged measure i 

 
The operation adjustment is calculated as the difference between the operation adjusted energy 
savings and the quantity adjusted energy savings. 

 

Coincidence Adjustments 
The summer and winter peak coincidence adjustments are calculated by applying the peak 
coincidence factors to the quantity adjusted demand savings, or gross connected kW ( . 
Peak summer and winter coincidence factors are measured (for logged measures) or estimated 
(for non-logged measures) from the time-of-use logger data. 

 

 

• For measures that were logged, the summer and winter coincidence factors 
( ) are measured directly from the time-of-use logger data as 
described in the report and Appendix B. 

• For measures that were not logged, the coincidence factors are estimated as a weighted 
average of the measured coincidence factors for the logged measures at the same site, 
using the measure connected kW as the weighting factor: 

 

Where:   
CFX,verified,j = Verified season “X” coincidence factor for non-logged measure j  
CFX,verified,i = Verified season “X” coincidence factor for logged measure i 
Connected kWi = Connected kW for logged measure i 
X = Peak period indicator (summer or winter, on-peak or seasonal) 
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The coincidence adjustments are calculated as the difference between the summer and winter 
coincidence adjusted demand savings and the quantity adjusted demand savings, respectively: 

 

 

HVAC Interactive Adjustments 
The HVAC interactive adjustments are calculated as the additional energy or demand impact at 
the site realized due to the reduced lighting waste heat in the conditioned space. The HVAC 
cooling impacts are calculated only for measures in conditioned spaces, and heating impacts are 
only calculated for the heating fuel specified for that site.  

Cooling 
As discussed in the report, the cooling factors for energy and demand ( ) are 
from the NY Tech Manual for the small commercial building sector and using the Poughkeepsie 
climate zone. The Tech Manual factors were assigned to each of the Massachusetts building 
types and applied to those sites which indicated that spaces were air-conditioned. The energy and 
demand cooling factors are provided in Table C1. 
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Table C1. Cooling Interaction Factors by Building Type47 

MA Building Type 
NY Building Type 

(matched) HVACc HVACd 
Assembly Assembly (Asy) 0.13 0.2 

Automobile Auto repair (AR) 0.057 0.2 

Big Box Big Box (BB) 0.145 0.2 

Dormitory Other 0.097 0.2 

Full Service Gas Station Other 0.097 0.2 

Grocery Grocery 0.145 0.2 

Heavy Industrial Light Industrial (Ind) 0.085 0.2 

Hotel Motel (Motel) 0.097 0.2 

K-12 Schools Elementary School (Elem) 0.085 0.2 

Large Office Small Retail (SRet) 0.115 0.2 

Multi Story Retail Small Retail (SRet) 0.115 0.2 

Multifamily High-Rise Other 0.097 0.2 

Multifamily Low-Rise Other 0.097 0.2 

Other Other 0.097 0.2 

Religious Religious (Rel) 0.089 0.2 

Restaurant - Fast Food Fast Food (FF) 0.09 0.2 

Restaurant - Seated Full Service Restaurant (FS) 0.09 0.2 

Small Office Small Office (SOfc) 0.11 0.2 

Small Retail Small Retail (SRet) 0.115 0.2 

Warehouse Warehouse (WH) 0.073 0.2 

 

Heating 
As discussed in the report, the lighting waste heat factor (0.27) is from an ASHRAE report on 
lighting and HVAC system interaction. 48  

 

 

 

 

                                                 

47 New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs. 2010. page 291. 
www.dps.ny.gov/TechManualNYRevised10-15-10.pdf. 

48 “Calculating lighting and HVAC interactions,” Table 1. ASHRAE Journal. November 1993. 
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By Site 
The site-level evaluation adjustments are calculated by summing the evaluation adjustments for 
all non-controls measures at the site. The site level adjustments calculated for the winter study 
and multi-season study are provided in Tables A-1, A-2, and A-3. 

By Program 
The program-level evaluation adjustments are calculated as a weighted average of the site-level 
results, using the site weights determined for the site sampling strategy. The program-level 
adjustments calculated for the winter study and multi-season study are provided for multiple 
stratifications (statewide, by demand tier, and by PA) and shown in the Results section of the 
report. 

Savings Parameters 
The evaluation adjustments are used to calculate the evaluation impact factors. This section 
describes the formulas used to calculate the impact factors, and how those impact factors are 
applied to tracked energy and demand savings to calculate adjusted gross savings. 

Energy Savings 
The adjusted gross annual energy savings (  is the tracked annual energy savings plus 
the sum of the documentation, technology, quantity, operation, and HVAC interactive 
adjustments. The adjusted gross lighting energy savings includes all adjustments except the 
HVAC interaction adjustments: 

 

 

 

Impact Factors 
Two impact factors are determined to calculated the adjusted gross savings. The energy 
realization rate (kWh RR) is the ratio of the adjusted gross lighting savings to the tracked gross 
savings. It describes the fraction of tracked gross lighting energy savings is actually realized. The 
HVAC interaction adjustment is the ratio of the total energy savings including cooling and 
heating impacts to the adjusted gross lighting savings: 

 

 

Calculating Adjusted Gross Savings 
Adjusted gross annual energy savings are calculated by applying the energy realization rate and 
HVAC interaction factor to the tracked annual energy savings, as follows:  
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Demand Savings 
Adjusted connected demand savings ( ) is the tracking connected demand plus the 
documentation, technology, and quantity adjustments: 

 

Adjusted gross summer demand ( ) and winter demand ( ) are the gross connected kW 
demand reduction plus the respective coincidence and HVAC interaction adjustments: 

 

 

Impact Factors 
The connected kW realization rate is the ratio of the adjusted connected demand to the tracked 
connected demand. Similarly, the summer and winter demand realization rates are the ratio of the 
summer and winter peak demand to the tracked connected demand. 

 

 

 

Summer and winter peak coincidence factors are calculated as the lighting demand reduction 
coincident with the peak period, divided by the adjusted connected demand. The summer HVAC 
interactive factor is the ratio of the HVAC interactive adjustment to the adjusted connected 
demand.  
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The combined coincidence and HVAC interactive factor is the product of the lighting 
coincidence and HVAC interactive factors. 

 

 

Calculating Adjusted Gross Savings 
Adjusted gross summer and winter demand savings are calculated using the connected demand 
realization rate, the summer and winter coincidence factors, and the summer HVAC interaction 
factor as follows: 

 

 

Alternatively, the summer and winter demand savings may be calculated by applying the 
summer and winter demand realization rates, respectively, to the tracked connected demand 
savings, as follows: 
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EXECUTIVE SUMMARY 

The Massachusetts Small Business Direct Install (SBDI) program is sponsored by the 
Massachusetts Program Administrators (the PAs)1 and provides a turnkey service, where a single 
contractor conducts an energy audit at customer facilities and then recommends and installs 
energy-saving measures for the customer. Eligible measures include lighting equipment 
upgrades, lighting controls, refrigeration controls, and gas-efficiency measures.  

The Cadmus Group, Inc., (Cadmus) and Energy & Resource Solutions (ERS) conducted this 
impact evaluation under the guidance of the PAs and the EM&V consultant to the Massachusetts 
Energy Efficiency Advisory Council (EEAC) to independently estimate annual energy and peak 
demand impacts for lighting controls implemented through the SBDI program for the 2011 
program year. The study was conducted as a pre/post metering study— monitoring lighting 
operation both before and after the installation of lighting controls to better understand the pre 
(no controls) and post (with controls) lighting operation profiles and more accurately measure 
the actual impact of the lighting control installations for SBDI program participants.  

Lighting controls save energy when they turn off unnecessary lighting that would otherwise be 
left on. The energy saved is proportional to the reduction in lighting time-of-use (TOU) when 
lighting controls are installed. This impact evaluation is an analysis of pre- and post-installation 
metering of lighting TOU—data collection started before the installation of lighting controls at 
each participating site (pre) and extended for a period after installation (post)—which allowed 
Cadmus to measure both the baseline lighting TOU and controlled lighting TOU. The pre/post 
approach provides a more accurate evaluation of lighting controls savings than is possible in 
studies that include only post-installation metering and no actual data on baseline behavior.  
We performed a pre/post metering study of occupancy sensor installations2 by monitoring  
203 lighting control measures to analyze the impact of lighting controls installed through the 
PAs’ SBDI programs, compare evaluated impacts to the tracking estimates of energy and 
demand savings, and develop savings impact factors for tracking and reporting program impacts. 

This report presents the following savings results: 

• Time-of-use impact of lighting controls installations by space type. 

• Statewide impact factors including all electric PAs—Cape Light Compact (CLC), 
NSTAR Electric and Gas, National Grid USA, Unitil/Fitchburg Gas & Electric, and 
Western Massachusetts Electric Company (WMECO).  

• Impact factors for each of the five electric PAs—CLC, NSTAR, National Grid, Unitil, 
and WMECO.  

                                                 

1 The Massachusetts energy efficiency program administrators include: Berkshire Gas, Cape Light Compact, 
Columbia Gas of Massachusetts, National Grid USA, New England Gas, NSTAR Electric and Gas, 
Unitil/Fitchburg Gas& Electric, and Western Massachusetts Electric Company. 

2 This study focused on the installation of occupancy sensors, the most common lighting control technology installed 
for SBDI program participants. In this report, the terms lighting controls and occupancy sensors are used 
interchangeably. 
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In addition, we discuss the difficulties in conducting a pre/post impact metering study, 
limitations of the study, lessons learned, and recommendations for future program 
implementation and evaluation. 

Results  
The following sections describe statewide program impact factors, which are based on the 
pre/post study results, and impact formulas which show how the factors are applied to tracking 
energy and demand savings data to calculate adjusted gross savings. 

Occupancy sensors save energy by turning off lights (that would normally be left on) when the 
sensor ceases to detect occupancy in a space. Keys to achieving savings are (1) the baseline 
behavior in the space (i.e., do occupants turn lights off manually?); (2) how often the space is 
entered; and (3) how long the sensor is set to delay turning off the lights after occupancy is no 
longer detected. Figure ES-1 qualitatively shows the expected savings based on these three 
factors: 

Figure ES-1. Potential Savings from Lighting Controls 

Baseline Behavior 

1 2 3 

Space Rarely Occupied 
Space Frequently Occupied,  

Short Delay 
Space Frequently Occupied,  

Long Delay 

A 
Lights Typically 

Left On 

 
Savings (A1) 

 

 
Savings (A2) 

 
No savings (A3) 

B 
Lights Typically 

Turned Off 

 
No Savings (B1) 

 

No Savings / Potential Increase 
(B2) 

Increased Usage (B3) 

 
The six combinations of baseline light-switching and space use behavior produce a variety of 
positive and negative impacts, which was demonstrated in our study. Results varied greatly 
between space types and within a specific space type, such as restrooms. This variation in 
savings and demand is indicated in Table ES-1 where relative precisions are large.3 

Savings by Space Type 
Cadmus performed pre/post logging of 203 lighting control measures installed at 69 SBDI 
participant sites.4 Logged measures involved occupancy sensor installations in a variety of space 
types including active storage, classrooms, conference and meeting rooms, restrooms, and open 
and closed offices.  

                                                 

3 The relative precision value describes the width of the confidence interval around the estimated savings value. A 
large relative precision indicates a wide range of values and poor overall precision. 

4 In this study, measures are defined as a line item in the PAs’ tracking data and are typically created by the project 
contractor. A measure may be a single control installed on a single lighting circuit or may be multiple controls 
installed on multiple lighting circuits. All occupancy controls installed for a given measure control have the 
same fixture type and quantity, are implemented in the same space type (as defined by the project contractor), 
and have the same estimated pre/post operating hours. 
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Table ES-1 shows the unweighted average pre and post operating hours and hours reduced for 
each space type logged. The logged evaluation results are compared to the average estimates of 
hours reduced from the program tracking data to show which space types are typically over- and 
under-estimated. 

Table ES-1. Hours Impacts by Space Type 

Space Type 

Number of 
Measures 
Loggedi 

Average 
Hours PRE 
(Logged) 

Average 
Hours POST 

(Logged) 

Average 
Hours 

Reduced 
(Logged) 

Average 
Hours 

Reduced 
(Tracking) 

Active Storage 27 4,276 1,380 2,896 1,534 
Atrium 1 3,087 3,164 -77 4,160 
Classroom/Lecture/Training 20 1,816 1,501 316 1,489 
Conference/Meeting/Multipurpose 10 1,963 1,526 437 1,142 
Corridor/Transition 5 6,962 2,156 4,806 4,294 
Dining Area 8 2,629 2,264 364 1,243 
Dressing/Locker/Fitting Room 1 6,018 4,154 1,864 4,368 
Electrical/Mechanical 4 1,099 506 592 1,553 
Exterior 2 4,237 1,932 2,305 1,950 
Food Preparation 3 2,552 3,300 -748 2,574 
Inactive Storage 8 539 412 127 1,184 
Laboratory 2 2,452 2,428 24 1,536 
Lobby 1 1,837 1,890 -53 1,040 
Lounge/Recreation 7 3,222 2,093 1,129 2,540 
Office - Enclosed 49 2,031 1,753 278 1,253 
Office - Open 16 1,664 1,678 -14 1,130 
Restrooms 39 3,786 2,177 1,609 2,115 
TOTAL 203 2,780 1,758 1,022 1,651 
i In this study, a measure refers to a line item in the PA tracking database and is typically defined by the project contractor. A 
measure may include multiple control installations of the same fixture type, space type, and pre and post operating hours. 

Program Impacts  
The pre/post lighting controls program impact factors were derived from on-site verification of 
the lighting controls installations and lighting TOU data collected for a period before (pre) and 
after (post) the lighting controls installations at 58 of the 69 studied sites where the logged 
lighting control measures fairly represented all lighting control installations at that site.  

Table ES-2 shows the statewide impact factors, including descriptions for each factor, for the 
statewide program for all five electric PAs—Cape Light Compact, National Grid, NSTAR, 
Unitil/Fitchburg, and WMECO. The impact formulas that describe how these factors should be 
used to calculate adjusted gross impacts are provided in Appendix C.  
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Table ES-2. Program Impact Factors, Statewide (All Electric PAs) 

Factor Description Statewide 
Relative 

Precision 
Confidence 

Level 
Electric Energy Impacts 
kWh RR Gross energy realization rate 43% 55% 90% 
HVACELEC  HVAC interaction factor, electric cooling and heating 99% 5% 90% 
Total combined energy realization rate (kWh RR x HVACELEC) 42% iv 56% 90% 
%kWh On-Peak  Percent energy savings on-peak  65% 20% 90% 
Electric Demand Impacts 
kW RR  Connected kW realization rate i  92% v 6% 80% 
CFSP  Coincidence factor, summer peak ii  17% 52% 80% 
CFWP  Coincidence factor, winter peak ii  13% 48% 80% 
HVACSP  HVAC demand interaction factor, summer peak ii  107% 5% 80% 
HVACWP  HVAC demand interaction factor, winter peak ii  96% 4% 80% 
Total combined summer kW realization rate (kW RR x CFSP x HVACSP) 17% 49% 80% 
Total combined winter kW realization rate (kW RR x CFWP x HVACWP) 11% 51% 80% 
Non-Electric Impacts 
HVACGAS  HVAC interaction factor, gas heat (MMBtu/kWh) iii  -0.000743 45% 90% 
HVACOIL  HVAC interaction factor, oil heat (MMBtu/kWh) iii -0.000132 102% 90% 
i For this lighting controls study, this is the total controlled lighting load (kW). 
ii Lighting and HVAC coincidence factors are based on the ISO-NE summer and winter on-peak capacity periods. 
iii HVAC gas and oil heating impacts are negative values because the reduction in lighting operation also reduces waste heat 
generated in the space and results in an increase in the space heating load. 
iv The total combined energy realization rate is the product of the gross energy realization rate and the electric HVAC interaction 
factor (42.78% x 99.14% = 42.42%). 
v The connected kW adjustment is due to differences between the verified and tracked connected lighting fixture counts and 
wattages. A previous lighting controls impact evaluation found a connected kW RR value of 93.6% for the National Grid SBDI 
program.5  

 
Based on pre/post logging of 170 measure installations at 58 sites across Massachusetts, we 
estimated the average realization rate for lighting control installations to be 43%. At the 90% 
confidence level, this realization rate has a relative precision of 55%, indicating large variations 
in the energy impacts of the lighting control installations among the studied sites.  

High relative precision values (i.e., low precision) are also observed for the statewide %kWh On-
Peak value of 65% and for the summer and winter coincidence factors of 17% and 13%, 
respectively. These high precision values, indicating poor precision, reinforce the observations of 
the pre/post data that the operational impact— annual run-time and peak demand impacts—of 
lighting controls installations varies widely among projects. Because the operational impact 
depends largely on occupant baseline behavior, the energy and demand impacts of lighting 
controls are difficult to predict without consideration of the space type and the behavior of 
occupants within that specific space. 

                                                 

5 National Grid Lighting Controls Impact Evaluation, Final Report: 2005 Energy Initiative, Design 2000plus and 
Small Business Services Programs. RLW Analytics. June 2007. 
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Conclusions and Recommendations 
Cadmus’ primary conclusions and recommendations are:  

• The energy and peak demand impacts of lighting controls are highly variable and 
increase usage in certain applications. Post-installation metering showed that the installed 
lighting controls operate as expected; however, the pre-installation metering showed that 
for many installations the lights were already well-controlled by the occupants or used 
less frequently than expected, thereby diminishing the potential impact for lighting 
controls. 

• The statewide energy realization rate was 43% based on pre/post metering of lighting 
controls installations at 58 sites across Massachusetts, indicating an overestimate of 
lighting control energy savings by the PAs’ SBDI programs. However, the relative 
precision value was 55% and site-level realization rates ranged from -127% to 1,173% 
indicating the high variability of measure impacts.  

• The energy impact of lighting control installations depends on user behavior, in addition 
to space type. The space type indicates savings potential based on the expected 
occupancy schedule of the space—for example, an infrequently entered conference room 
may have more savings potential than a constantly occupied open office area—but the 
energy impact is determined by the baseline occupant behavior in controlling lights 
manually before the controls were installed. There is no savings potential in any space 
types where the occupants consistently perform manual control of the lighting circuits. 

• Although TOU impacts varied even within space type groups, some space types showed 
higher and more consistent energy savings than others. Active storage, 
corridor/transition, and restrooms regularly showed high reductions in operating hours 
with installed lighting controls. Classrooms, conference rooms, dining areas, and 
enclosed offices showed irregular impacts and, on average, only modest reductions in 
annual operating hours. 

• The primary reason for the variation in savings is variation in space use and behavior of 
building occupants. To maximize savings in the future, we recommend the following for 
program implementers: 

o The PAs and program contractors should consider space types and occupancy 
patterns to identify appropriate locations for occupancy sensors and to maximize 
savings. For example, frequently entered storage areas are a good candidate. 
Classrooms tend to be a poor candidate unless lights are left on during unoccupied 
hours.  

o The PAs should work with the contractors to set short delays on sensors. To avoid 
unwanted shutoffs when occupants are still in the space—one reason why long 
delays may be set—dual-technology sensors should be selected. Dual-technology 
sensors use a combination of sensor technologies such as motion, infrared, 
ultrasonic, and microwave to detect occupancy in a space, rather than relying only 
on motion. 

o The PAs should explore using portable occupancy/light sensors to predict savings 
with short-term monitoring. Occupancy/light sensors simultaneously record light 
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and occupancy and can be used to assess user behavior in each space type. These 
sensors will track how frequently the lights are on when the space is unoccupied 
(demonstrating a need for lighting controls) and, similarly, how frequently the 
lights are off when the space is unoccupied (demonstrating a potential negative 
impact for lighting controls). Vendors could deploy these loggers at the time of 
the audit and download the data when they arrive to install the fixtures. If the base 
usage warrants the installation of an occupancy sensor, the installation vendor can 
go ahead with the installation. 

o The PAs should encourage the installation of vacancy controls that require 
manual switch operation to turn lights ON, but will use occupancy detection to 
turn lights OFF after a pre-determined delay period. Several measures in this 
study experienced increases in lighting operation after the installation of controls, 
likely due to automatic switching of the lights ON when the space occupancy 
would not have used lighting in the pre-retrofit condition (for example, when 
natural day lighting is sufficient). In these scenarios, vacancy controls would 
mimic pre-retrofit user behavior and not result in unwanted lighting operation. 

• The results of this study show that understanding the baseline, or un-controlled, lighting 
operating profile of a space is critical to estimating the impact of lighting controls. This 
pre/post metering showed that the baseline operation varies both within the same space 
types and within the same facility and is, therefore, difficult to predict without direct 
measurement before the installation of lighting controls.  

o As such, we recommend that future impact evaluations of lighting controls 
continue to measure the pre-retrofit or un-controlled operating profiles of lighting 
systems for an accurate assessment of the energy and demand impacts of lighting 
controls for the small commercial sector. To mitigate the challenges encountered 
in this study, future evaluators should consider the challenges and 
recommendations outlined in the following section.  

Study Challenges 
Due to the relevance of the baseline lighting profile to the impact of lighting control installations, 
we recommend that future impact evaluations of lighting controls continue to measure the pre-
retrofit or un-controlled operating profiles of lighting systems. However, the PAs and future 
evaluators should be aware of the challenges of performing a pre/post impact evaluation and 
consider methods to mitigate these in future evaluation efforts. 

This pre/post impact evaluation was the first impact evaluation conducted for the MA SBDI 
programs with pre-installation monitoring and encountered the following challenges:  

• Customer and project recruitment. Traditional post-program year impact evaluations 
select an evaluation sample based on a defined population, and selected participants are 
notified of their role in the evaluation process. While selected customers may decline to 
participate in the evaluation, most are cooperative. Without a defined population of 
customers from which to select an evaluation sample, this pre/post study relied on the 
voluntary cooperation of program vendors and customers for their participation in the 
study. Recruiting and maintaining customer sites was a challenging process—leads were 
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provided after the measures were installed (i.e., too late for pre-installation metering), 
never participated in the program, or declined to participate in the evaluation; or projects 
were cancelled or implemented too quickly, requiring significant evaluation resources.  

o The PAs should integrate evaluation efforts in the implementation process, 
providing a structure and incentives for program vendors to cooperate in the 
evaluation process. One option is to provide quotas for implementation 
contractors, based on their historical percentage of program sales to provide leads 
early in the program year, or to contract with the participating customers directly 
to install pre-installation monitoring equipment. The selection of a more 
aggressive site recruitment strategy must be balanced with the impact on customer 
or behavior bias in the evaluation sample. 

• Measure selection. Once a site was recruited, measures were selected for monitoring 
based on a list of planned measures that were provided by the project contractor. In many 
cases, the measures selected for pre/post logging were never installed, while other 
originally unplanned measures were installed. This resulted in a set of measures that were 
logged pre but for which no post data were available (since no measures were installed), 
and additional implemented measures for which we could no longer perform pre 
measurements because the measure was already installed. In other cases, we found that 
the final list of measures tracked in the PAs’ reporting database included a different and 
often longer list of measures for the site than was initially planned. This resulted in the 
set of evaluated measures inadequately representing the claimed lighting control 
measures and energy savings for that site.  

o To mitigate the risk of lost data, future evaluators should oversample measures for 
pre/post logging and deploy multiple loggers for each potential space-type that 
may be targeted for a lighting control installation.  

• Pre-installation data collection. The SBDI program relies on a vendor-driven 
implementation process for which the contractors are motivated to recruit and complete 
projects as quickly as possible. The need to coordinate with multiple parties (project 
vendors, electrical contractors, and customers) and the lack of incentive for those parties 
to collaborate in the evaluation process made it difficult to secure sufficient pre-
installation monitoring periods. 

o For space types with irregular usage patterns, short monitoring periods may not 
represent typical operation and may limit the fair comparison of pre and post 
lighting profiles. Evaluators should consider strategies to achieve longer 
monitoring periods and to collect data, such as logged occupancy, to assess the 
comparability of pre and post monitored periods. 
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INTRODUCTION 

The Massachusetts Small Business Direct Install Program (SBDI) seeks to provide cost-
effective, comprehensive electric and gas retrofit services to small business customers on a 
turnkey basis, using the same delivery model throughout the Commonwealth. Eight 
Massachusetts energy-efficiency program administrators (PAs) participate in the program:  

• Berkshire Gas  
• Cape Light Compact (CLC)  
• Columbia Gas of Massachusetts  
• National Grid USA (National Grid)  
• New England Gas  
• NSTAR Electric and Gas (NSTAR)  
• Unitil/Fitchburg Gas & Electric (Unitil)  
• Western Massachusetts Electric Company (WMECO) 

  
In 2010, all PAs transitioned to a direct install (DI) statewide delivery model, in which PAs 
solicit competitive bids for labor and materials, costs of installing lighting equipment upgrades, 
lighting controls, and non-lighting measures (such as refrigeration controls and gas-efficiency 
measures). Through a turnkey process, a single contractor conducts an audit and identifies and 
installs lighting measures for the customer. 

In April 2010, the Cadmus team (The Cadmus Group, Inc., Energy & Resource Solutions [ERS], 
Opinion Dynamics, and Navigant) was selected to evaluate the SBDI program for the three-year 
period 2010-2012. During the May 2010 kick-off meeting, the PAs expressed interest in a 
lighting controls pre/post metering study to assess the true impact of lighting controls retrofits 
implemented in the SBDI program.  

Cadmus worked with the PAs and the EEAC EM&V consultant to develop a work plan for this 
pre/post impact evaluation that included target number and type of sites, site recruitment 
methods, and evaluation objectives. Cadmus and ERS conducted the evaluation, which provides 
independent estimates of annual energy savings and peak demand impacts for lighting controls 
retrofit installations. This evaluation does not quantify freeridership or spillover but does provide 
adjusted gross (not net) savings and realization rates.  
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Occupancy or motion sensors are devices that turn lights and other 
equipment on or off in response to the presence (or absence) of people in 
an area. More sophisticated sensor units now offer users a variety of 
adjustment capabilities. A control unit consists of a motion sensor, an 
electronic control unit, and a controllable switch/relay. It also has a timer 
that signals the electronic control unit after a set 
period of inactivity. Units are available in wall-
mounted switch configurations for use in offices 
or other small areas and in ceiling and wall-
mounted configurations for large, open areas. 
There are also sensors specifically designed for 
bathrooms, stairwells, and hallways. Available 
sensor technologies include infrared, ultrasonic, 
and microwave.  

Occupancy sensors save energy by turning off lights (that would normally be left on) when the 
sensor ceases to detect occupancy in a space. Keys to achieving savings are (1) the baseline 
behavior in the space (i.e., do occupants turn lights off manually?); (2) how often the space is 
entered; and (3) how long the sensor is set to delay turning off the lights after occupancy is no 
longer detected. Figure 3 qualitatively shows the levels of savings based on these three factors. 

Figure 3. Potential Savings from Lighting Controls 

Baseline Behavior 

1 2 3 

Space Rarely Occupied 
Space Frequently Occupied,  

Short Delay 
Space Frequently Occupied,  

Long Delay 

A 
Lights Typically 

Left On 

 
Savings (A1) 

 

 
Savings (A2) 

 
No savings (A3) 

B 
Lights Typically 

Turned Off 

 
No Savings (B1) 

 

No Savings / Potential Increase 
(B2) 

Increased Usage (B3) 

 
Before installation of lighting controls, the primary determiner of savings is whether lights are 
turned off or left on. If lights are turned off, the savings will be low or—in the case of a 
frequently entered space with a long-delay occupancy sensor—energy use will actually increase 
(B3 in Figure 3).  

The following figures (Figure 4 through Figure 7) show the average logged pre and post lighting 
operation profiles for a storage space, two enclosed offices, and a dining area. The actual 
measures that were metered during this evaluation show a wide range in energy savings or 
energy increase between pre- and post-installation conditions. This wide range caused low 
precision in the estimates of savings by the program. 

  

Figure 2. Dual Technology 
Ceiling Sensor 

Figure 1. Passive 
Infrared Wall 
Switch Sensor 
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Figure 4 shows a storage space that is frequently entered and in which the lights were left on. 
This is the space type indicated by A1 in Figure 3. Savings are large on weekdays and weekends.  

Figure 4. Storage Space - Frequently Entered / Lights Previously Left On 

 

Figure 5 shows an infrequently entered space where lights were turned off when not in use 
(represented as B2 in Figure 3). Savings occur only during occupied hours. 

Figure 5. Enclosed Office - Frequently Entered / Lights Previously Turned Off (at Night) 
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Figure 6 shows a frequently entered office space where lights were previously turned off at night. 
Due to frequent occupancy and possibly a long delay setting,6 installation of controls saved no 
energy during the week but saved a little bit on Saturday (represented by B2/B3 in Figure 3). The 
small increase in energy use on Sunday is likely due to a different Sunday schedule before and 
after the installation.7 

Figure 6. Enclosed Office - Frequently Entered / Lights Previously Turned Off 

 

Figure 7 shows a frequently entered dining room where lights were previously turned off due to 
either infrequent use or day lighting. Traffic through the area or occupancy caused the lighting 
controls to turn the lights on where previously either infrequent use or day lighting resulted in 
low use of lights. This resulted in a substantial increase in energy use (B3 in Figure 3). For eight 
of 203, or 4% of the metered installations, the estimated annual operating hours increased more 
than 1,000 hours after the controls were installed.  

Figure 7. Dining Area - Frequently Entered / Lights Previously Turned Off 

 
                                                 

6 The delay setting for the installed occupancy control was not recorded. The delay setting is typically selected by 
the installer, but may be adjusted by the occupant. 

7 Differing pre/post usage patterns make it difficult to discern the impact of the lighting controls. For measures for 
which a change in pre/post space usage was observed, the data was excluded from the study; for small schedule 
differences such as that shown in the Sunday/Holiday profile in Figure 6, we assume that the pre/post schedule 
differences balance over all measures logged. 
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Scope of Work and Approach 
This pre/post impact study involved the following major tasks:  

• Sampling plan 
• Project recruitment and logger deployment 
• Pre/post data collection 
• Analysis and annualization of pre/post lighting TOU data 
• Collection and review of PA program tracking data 
• Evaluation calculations 
• Program sampling and impact analysis 

Sampling Plan 
Cadmus developed a sampling plan in 2010 based on a review of PY 2009 program data and 
discussion with the PAs. After several iterations using various building-type stratifications, we 
finalized the evaluation plan, which aimed to conduct pre/post metering at 70 lighting controls 
sites determined from a condensed building type list. Target building types were based on the 
more prominent building types seen in the PY 2010 program population and included offices, 
retail facilities, industrial facilities, restaurants, schools, health facilities, and warehouses. With 
the 70 sites, we hoped to reach 90% confidence and 10% relative precision for the statewide 
program, understanding that higher relative precision values would result from an examination of 
the data by PA. 

Table 1 shows the planned distribution of sites across building type.  

Table 1. Site Sampling Plan8 

Building Type % by Building Type # of Sample Sites 
Office 27% 20 
Retail 15% 10 
Other 12% 0 
Industrial 10% 10 
Restaurant 7% 10 
School 6% 10 
Health 5% 10 
Warehouse 5% 10 
College 5% 0 
Multi-family 3% 0 
Grocery 2% 0 
Hotel 1% 0 
ALL 100% 70 

 

                                                 

8 Lighting Control Evaluation Work Plan. December 2010. 
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Project Recruitment and Logger Deployment 
The process for installing loggers for the pre- and post-installation periods was difficult and 
complex, requiring coordination among the implementation vendors, their contractors, the 
customer, and the evaluators.  

We first contacted the implementation vendors in September of 2010. They requested that the 
evaluation be held off until the start of the new program year in 2011 so that they could close out 
a busy year and focus on meeting program goals. To minimize interference with year-end 
program activities, the evaluation was postponed until January 2011. Starting in 2011, the 
Cadmus team contacted the implementation vendors every week to find project leads for pre-
installation metering. One contractor was consistent in sending leads; however, not all of the 
vendors had the resources to support this effort.  

The implementers made a good faith effort to provide leads on a timely basis, even though 
notifying the evaluation team and allowing us to collect at least several days of logger data 
before installation disrupted their work flow. Still, the last site was not recruited until December 
of 2011 and the last post-installation logger was removed from the field in February of 2012. 
Even with the extended data collection period, we were not able to achieve pre/post metering for 
the targeted 70 sites because one of the later sites delayed the installation of the lighting controls. 

The sequence of events required to successfully recruit and collect data at a site is illustrated in 
Table 2. We also include a list of challenges encountered during each step of the process, which 
impacted the site recruitment and metering effort. 
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Table 2. Site Recruitment and Data Collection Process and Challenges 

Sales 
Project 

Scheduling Pre-Install Metering Control Installation 
Post-Install 

Metering 

Im
pl

em
en

ta
tio

n 
 

C
on

tr
ac

to
r 

Customer signs 
an agreement 
with 
implementation 
contractor. 

 

Lead is entered 
into implementer 
tracking system. 

Contractor orders 
equipment. 

Electrical 
contractor is 
notified. 

Request the contractor to 
wait at least a week after 
evaluation TOU loggers 
are installed. 

 

Equipment drop shipped. 

Electrical contractor 
appears at job site with 
work order. 

Notify evaluator 
when controls 
installation is 
complete. 

 

Ev
al

ua
to

r 

 Evaluator collects 
leads on weekly 
Lead Sheet. 

 

Recruit the customer. 

Perform logger 
installations at the site 
within a week. 

Install loggers at locations 
indicated in the contractor 
proposal.  

Communicate schedule 
with implementer. 

Revisit site to remove 
loggers prior to controls 
installation. 

Schedule a 
follow-up with 
the customer. 

Locate the same 
fixture and 
reinstall loggers 
for post logging. 

C
ha

lle
ng

es
 

Once a customer 
makes a decision 
they want the 
work done 
quickly. 

Scope may not be 
firm and customer 
may not agree to 
go forward. 

This was difficult 
to fit into some 
vendor’s 
processes. 

Lead is not always 
sent to evaluator, 
or is sent too late. 

Customer elects 
not to participate. 

Controls are installed at 
customer site before 
evaluation loggers are 
installed, or within a few 
days of installation (no or 
very short baseline 
metering). 

The customer drops or 
delays the project and 
controls are not installed. 
Loggers are not 
removed prior to 
installation. 

Contractor may delay 
install. 

Customer 
refuses second 
visit.  

Occupancy 
controls are not 
installed on the 
proposed 
fixtures. 

 

Measure Selection and Logger Placement 
As sites were recruited for participation in this study, we collected the list of proposed measures 
for each site from the project contractors. The proposed measure list included the following 
details for each planned lighting control installation: controlled fixture type and quantity, 
estimated hours reduced, and measure location. Initially, the evaluation team randomly selected 
up to five measures from the list of proposed measures for logging at each. However, we found 
during our post-installation visits that not all proposed measures were installed, including some 
measures that had been selected for logging. To maximize the available data for each evaluated 
site, we began to install loggers on up to 10 randomly selected measures at each site. 

Data Analysis 
Analysis of the pre/post lighting time-of-use (TOU) logger data followed these steps:  

• Download and process raw logger data 
• Develop average hourly load profiles 
• Calculate daily hours for logged measures 
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• Calculate seasonal and annual hours for logged measures 
• Estimate annual hours for non-logged measures 

For pre- and post-installation logging, the team installed two types of loggers, as shown in  
Table 3: (1) time-of-use (change of state) loggers instantaneously record when the light switches 
on or off, and (2) light level loggers record the status (on/off) at regular intervals. 

Table 3. Loggers Used for Data Collection 

Logger Type Parameter Logged Selected Interval Make/Model 
Time-of-use Light status (ON/OFF) N/A (change of state is recorded instantaneously) HOBO U09-002 
Light level  Light level9 3 minutes HOBO U12-012 

 

Download and Process Raw Logger Data 
After the loggers were removed from the field, we processed the logger data to produce the 
percentage on-time for each hour during the pre and post monitoring periods. We compiled 
logger data for each measure to show the logged hourly load shape for each day in the logging 
period (as shown in the excerpt from Table 4). Each daily load shape was flagged with the source 
data file, site and measure ID, case (before [B] or after [A] the controls installation), start and 
end dates of the full monitoring period, date of the logged load shape, and day of the week. 

Initial Screening and Quality Control of Profiles  
Engineering staff then reviewed the daily data from each logger, examining the profile, and 
flagging any inconsistent or atypical data for further review and potential exclusion from the 
analysis. Logger data were excluded from the analysis if the data indicated inconsistent logging 
(such as no operation throughout the monitoring period, or continuous operation in the post-
retrofit period) or a clear change in the occupancy schedule or usage of the space in the pre and 
post periods. As shown in Table 5, special circumstances were also identified, such as site 
holidays or snow days at a school, which were treated as holidays in the analysis.10 

All the daily logger profiles for both pre and post periods were assigned to one of three day 
types—weekdays, Saturdays, and Sundays/Holidays—for development of the average day type 
profiles. If no holidays were logged, then holidays are represented by the logged Sundays.

                                                 

9 Loggers recorded the light level at regular intervals during the evaluation monitoring periods, and through data 
processing, this information was converted to indicate lighting ON/OFF status. 

10 These logged days were considered holidays for the development of the day-type profiles, but did not impact the 
estimated number of holidays in each season for the calculations of annual lighting TOU. The average number 
of holidays assumed for each season is described in Table 8.  
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Table 4 shows an excerpt of logged daily profiles from the post monitoring period (Case A) for measures 1540 and 1532 at site 164, a 
healthcare center. The post period data for measure 1540, occupancy sensors installed in a restroom, show intermittent lighting 
operating throughout the day over all day types, with lighting operating regularly continuing past midnight. The post period data for 
measure 1532, occupancy sensors installed in an open office, show that the lights remain off during late nights and early mornings.  

Table 4. Example of Hourly On-Time Profiles for Logged Days 

 

  

File Site Measure ID Case start end time (days of lodate weekday 0 1 2 3 21 22 23

164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 1/26/12 5 30% 17% 0% 0% 20% 43% 17%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 1/27/12 6 17% 17% 0% 0% 30% 37% 0%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 1/28/12 7 23% 33% 17% 0% 17% 57% 17%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 1/29/12 1 17% 30% 0% 0% 43% 47% 17%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 1/30/12 2 17% 33% 0% 0% 10% 20% 0%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 1/31/12 3 57% 17% 0% 0% 20% 37% 20%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 2/1/12 4 33% 0% 0% 0% 63% 40% 0%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 2/2/12 5 37% 20% 0% 17% 57% 30% 20%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 2/3/12 6 27% 33% 0% 0% 23% 37% 17%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 2/4/12 7 17% 37% 13% 0% 60% 17% 13%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 2/5/12 1 63% 17% 0% 0% 27% 17% 7%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 2/6/12 2 43% 7% 0% 37% 37% 40% 37%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 2/7/12 3 33% 0% 20% 0% 37% 53% 23%
164_1540_A.csv 164 1540 A 1/25/12 10:15 2/8/12 10:31 14.01 2/8/12 4 40% 33% 0% 0%
164_1532_A.csv 164 1532 A 1/25/12 10:10 2/8/12 9:48 13.98 1/25/12 4 0% 0% 0% 0%
164_1532_A.csv 164 1532 A 1/25/12 10:10 2/8/12 9:48 13.98 1/26/12 5 0% 0% 0% 0% 0% 0% 0%
164_1532_A.csv 164 1532 A 1/25/12 10:10 2/8/12 9:48 13.98 1/27/12 6 0% 0% 0% 0% 0% 0% 0%
164_1532_A.csv 164 1532 A 1/25/12 10:10 2/8/12 9:48 13.98 1/28/12 7 0% 0% 0% 0% 0% 0% 0%
164_1532_A.csv 164 1532 A 1/25/12 10:10 2/8/12 9:48 13.98 1/29/12 1 0% 0% 0% 0% 0% 0% 0%
164_1532_A.csv 164 1532 A 1/25/12 10:10 2/8/12 9:48 13.98 1/30/12 2 0% 0% 0% 0% 0% 0% 0%
164_1532_A.csv 164 1532 A 1/25/12 10:10 2/8/12 9:48 13.98 1/31/12 3 0% 0% 0% 0% 0% 0% 0%
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Table 5 shows an excerpt of logged daily profiles from the pre monitoring period (Case B) for measure 226, occupancy sensors 
installed in a school classroom. The profiles show that before the occupancy sensors were installed the lights were typically off 
throughout the weekends and overnight on weekdays. The two logged weekdays that showed no lighting operation were identified as 
snow days and assigned to the Sundays/Holidays day type for the analysis. 

Table 5. Example of Screening Logger Data  

 

The colored shading in Table 5 indicates the measure of lighting operating observed during each hour during the monitoring period: blue shading indicates no operation (0% ON), 
red indicated continuous operation (100% ON), and yellow and orange indicate average operation below and above 50% ON, respectively. 

 

 

 

File Site Measure ID Case start end
time (days of 
logging) date weekday wd/we use comment 0 1 2 3 21 22 23

20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 1/27/11 5 weekda 1 snow day 0% 0% 0% 0% 0% 0% 0%
20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 1/28/11 6 weekda 1 0% 0% 0% 0% 95% 0% 0%
20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 1/29/11 7 Saturday 1 0% 0% 0% 0% 0% 0% 0%
20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 1/30/11 1 Sunday 1 0% 0% 0% 0% 0% 0% 0%
20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 1/31/11 2 weekda 1 0% 0% 0% 0% 68% 0% 0%
20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 2/1/11 3 weekda 1 0% 0% 0% 0% 0% 0% 0%
20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 2/2/11 4 weekda 1 snow day 0% 0% 0% 0% 0% 0% 0%
20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 2/3/11 5 weekda 1 0% 0% 0% 0% 75% 0% 0%
20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 2/4/11 6 weekda 1 0% 0% 0% 0% 76% 0% 0%
20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 2/5/11 7 Saturday 1 0% 0% 0% 0% 0% 0% 0%
20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 2/6/11 1 Sunday 1 0% 0% 0% 0% 0% 0% 0%
20_226_B 20 226 B 1/26/11 7:55 2/8/11 8:02 13.00 2/7/11 2 weekda 1 0% 0% 0% 0% 100% 13% 0%
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Develop Pre/Post Average Hourly Load Profiles for Logged Measures 
The processed and cleaned daily load shape data for each logging period were then combined to 
develop average pre and post daily load profiles for each of three day types: weekdays, 
Saturdays, and Sundays/Holidays. We used these profiles to calculate the average daily usage 
and the pre and post peak period coincidence factors for each day type in the logged season. 

Table 6 shows the average pre/post day type profiles for measures 84, a training room in a health 
facility. The average post period operating profiles show a clear decrease in the average 
operating time compared to the pre period profiles for each day type. 

Table 6. Average Pre- and Post-Installation Daily Load Profiles 

 

Calculate pre/post daily hours for logged measures 
We calculated daily pre and post operating hours for each day type (DTx) as the sum of the 
hourly coincidence (or average hourly percent time on) over all hours of the day: 

𝐷𝑎𝑖𝑙𝑦 𝐻𝑜𝑢𝑟𝑠𝐷𝑇𝑥 = �%𝑇𝑖𝑚𝑒𝑂𝑛𝐷𝑇𝑥,ℎ

24

ℎ=1

 

Where:   
   
Daily HoursDTx = Total average daily operating hours for day type x 
%TimeOnDTx,h = Average operating percentage during hour h on day type x 
 

Calculate pre/post seasonal and annual hours for logged measures 
The pre and post day type profiles, average daily usage, and coincidence factors calculated based 
on the screened logger data are assumed to represent annual operation for all sites where the 
customers indicated no seasonal variation in their operation. When customers indicated that the 
building operating schedule varied seasonally we applied a seasonal adjustment to the logged 
average daily usage for each pre and post day type.  

At the first site visit for each evaluated site, the customers were asked for the average business 
hours for each of four seasons. Of the 58 final evaluated sites, 49 indicated the same operating 
hours throughout the year (i.e., no seasonal variation) and nine indicated differences in operating 
hours during different seasons. Table 7 shows the customer reports of seasonal operating hours 
and indicates during which season the pre and post logging was performed for each of the nine 
evaluated sites that indicated some seasonal variation in operation. 
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Table 7. Customer Reported Seasonal Variation 

Site 
ID 

Facility 
Type 

Pre Logging 
Season 

Post Logging 
Season 

Customer Seasonal Operation (hours/week)i,ii 

Season 1 
(Dec-Feb) 

Season 2 
(March-May) 

Season 3 
(June-Aug) 

Season 4 
(Sept-Nov) 

18 Restaurant 1 2 98 98 105 98 
20 School 1 2 68 68 40 68 
21 School 1 2 68 68 40 68 
36 Retail 1 2 40 56 56 56 
46 Retail 1 2 35 63 63 63 
47 Other 1 2 64 64 51 64 
80 Warehouse 2 3 30 74 74 74 

115 Office 3 3 40 50 50 50 
161 Industrial 4 1 50 50 50 70 

i Reported by the customer during the initial site visit. 
ii The shaded cells indicate the seasons during which lighting loggers were installed. 
 
The daily hours for seasons that were not logged (non-logged seasons) is the daily hours for the 
logged season (SL) times the ratio of the customer reported operating hours for the non-logged 
season to the logged season:  

𝐷𝑎𝑖𝑙𝑦 𝐻𝑜𝑢𝑟𝑠𝐷𝑇𝑥,𝑆𝑦 = 𝐷𝑎𝑖𝑙𝑦 𝐻𝑜𝑢𝑟𝑠𝐷𝑇𝑥,𝑆𝐿 ∗
𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝐻𝑜𝑢𝑟𝑠𝑆𝑦
𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝐻𝑜𝑢𝑟𝑠𝑆𝐿

 

Where:   
   
𝐷𝑎𝑖𝑙𝑦 𝐻𝑜𝑢𝑟𝑠𝐷𝑇𝑥,𝑆𝑦 = Average daily operating hours for day type x in season y. 

𝐷𝑎𝑖𝑙𝑦 𝐻𝑜𝑢𝑟𝑠𝐷𝑇𝑥,𝑆𝐿 = Average daily operating hours for day type x in the logged season. 
𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝐻𝑜𝑢𝑟𝑠𝑆𝑦 = Operating hours reported by the customer for season y. 

𝐶𝑢𝑠𝑡𝑜𝑚𝑒𝑟 𝐻𝑜𝑢𝑟𝑠𝑆𝐿  = Operating hours reported by the customer for the logged season. 
 
If a customer reported the same schedules across all seasons, then the seasonal operating ratio 
was 100% and the daily hours for non-logged seasons was the same as the measured daily hours 
for the logged season.  

The pre and post hours for each season were calculated as the product of the seasonal daily hours 
for each day type and the number of days for each day type in each season. 

 𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙 𝐻𝑜𝑢𝑟𝑠𝐷𝑇𝑥,𝑆𝑦 = 𝐷𝑎𝑖𝑙𝑦 𝐻𝑜𝑢𝑟𝑠𝐷𝑇𝑥,𝑆𝑦 ∗ 𝐷𝑎𝑦𝑠 𝐷𝑇𝑥,𝑆𝑦 

Where:   
   
𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙 𝐻𝑜𝑢𝑟𝑠𝐷𝑇𝑥,𝑆𝑦 = Total operating hours for day type x in season y. 

𝐷𝑎𝑦𝑠𝐷𝑇𝑥,𝑆𝑦 = Number of days of day type x in season y. 

 
The number of weekdays, Saturdays, and Sundays/Holidays used in the seasonal hours 
calculations is shown in Table 8. The same number of weekdays, Saturdays, and 
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Sunday/Holidays in each season is used for all sites; it is expected that the number of holidays at 
most facility types is similar. Changes in seasonal operation—such as summer operation for 
schools—are captured in the seasonal adjustments indicated through the customer’s reported 
seasonal hours of operation. 

Table 8. Seasonal Days by Day Type  

Month Days Holidaysi 
Non-holiday  
Weekdaysii Saturdaysii Sundaysi 

Sundays/  
Holidaysii 

January 31 2 20 4 5 7 
February 28 1 19 4 4 5 
March 31 0 23 4 4 4 
April 30 0 21 5 4 4 
May 31 1 21 4 5 6 
June 30 0 22 4 4 4 
July 31 1 20 5 5 6 
August 31 0 23 4 4 4 
September 30 1 21 4 4 5 
October 31 1 20 5 5 6 
November 30 2 20 4 4 6 
December 31 1 21 5 4 5 

Season Total 
1 (Dec-Feb) 90 4 60 13 13 17 
2 (Mar-May) 92 1 65 13 13 14 
2 (Jun-Aug) 92 1 65 13 13 14 
3 (Sep-Nov) 91 4 61 13 13 17 
ALL 365 10 251 52 52 62 
i Sundays and holidays are combined into the Sundays/Holidays day type. 
ii The three day types used in the TOU analysis are: non-holiday weekdays, Saturdays, and Sundays/Holidays. 
 
Daily pre and post hourly average usage, hourly savings, and demand savings were annualized 
by summing the hours for all day types and all seasons.  

𝐴𝑛𝑛𝑢𝑎𝑙 𝐻𝑜𝑢𝑟𝑠 = � � 𝑆𝑒𝑎𝑠𝑜𝑛𝑎𝑙 𝐻𝑜𝑢𝑟𝑠𝐷𝑇𝑥,𝑆𝑦

3

𝐷𝑇=1

4

𝑦=1

 

The calculations were performed to determine the pre/post total annual operating hours. Annual 
hours reduced, which is the driving parameter for lighting controls impacts, is the difference 
between the pre and post operating hours. If the pre-installation period annual operating hours 
are higher than the post-installation period, the annual hours reduced is a positive value and thus 
savings are realized. However, if the pre-installation period annual operating hours are lower 
than the post-installation period, the annual hours reduced is a negative number and indicates an 
increase in lighting consumption in the post-installation period. 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐻𝑜𝑢𝑟𝑠 𝑅𝑒𝑑𝑢𝑐𝑒𝑑 = 𝐴𝑛𝑛𝑢𝑎𝑙 𝐻𝑜𝑢𝑟𝑠𝑃𝑅𝐸 − 𝐴𝑛𝑛𝑢𝑎𝑙 𝐻𝑜𝑢𝑟𝑠𝑃𝑂𝑆𝑇 
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Calculate Pre/Post Coincidence Factors for Logged Measures 
The seasonal adjustments were not made to demand savings calculations. For the 49 sites (84%) 
that indicated no seasonal variation, the logged pre and post operating profiles are assumed to be 
representative of annual operation and the summer and winter coincidence factors are determined 
from the logged average weekday profiles. 

For sites that indicated some seasonal variation, we used the results of the multi-season study of 
lighting fixture operation to guide our approach.11 The multi-season study showed that seasonal 
adjustment factors should not be used to predict seasonal coincidence factors using logger data 
from a different season. In this study, we only predict coincidence factors using logger data from 
a season that matches the operation in the peak season.  

For the nine sites (16%) that indicated some seasonal variation (see Table 7), summer and winter 
peak coincidence factors were counted only if the customer-reported operating hours for the pre 
and post logging seasons matched each other and the peak season (season 1 for winter and 
season 3 for summer).  

For example, Table 7 shows that the pre and post logging for measures at site 18 occurred during 
seasons 1 and 2. Since the customer-reported operating hours for these seasons are the same as 
the peak winter months (season 1), the logger data were used to calculate winter coincidence 
factors for measures at this site. Since no logging was performed during the summer (season 3) 
and the customer indicated different operating hours for season 3, a summer coincidence factor 
for this site was not included in the analysis. At site 115, the pre and post logging occurred 
during the summer months (season 3) so this data were used to calculate summer peak 
coincidence factors, but because the customer reported different operating hours during the 
winter peak months (season 1), the data were not used to calculate winter coincidence. 

Using these guidelines, the winter coincidence factor was calculated for four of nine seasonal 
sites and the summer coincidence factor was calculated for two of nine seasonal sites. 

Estimate Pre/Post Annual Hours for Non-Logged Measures 
For measures that were not logged at a site, we estimated the annual hours reduced using data for 
the logged measures at the same site.  

If the non-logged measure was the same space type as one or more of the logged measures at the 
same site, then we calculated the average hours realization rate of all logged measures of the 
same space type.  

𝐻𝑜𝑢𝑟𝑠 𝑅𝑅𝑆𝑝𝑎𝑐𝑒𝑋,𝑎𝑣𝑔 = �𝐻𝑜𝑢𝑟𝑠 𝑅𝑅𝑆𝑝𝑎𝑐𝑒𝑋,𝑖

𝑚

𝑖=1

 

This average space-type-hours realization rate was applied to all non-logged measures of the 
same space type within the same site. 

                                                 

11 Non-Controls Lighting Evaluation for the Massachusetts Small Business Direct Install Program: Multi-Season 
Study. The Cadmus Group, Inc. May 2012. 
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If the non-logged measure was a different space type than any of the logged measures, then we 
calculated the average weighted hours realization rate for all logged measures at the same site, 
using connected kW to weight the hours realization rates.  

𝐻𝑜𝑢𝑟𝑠 𝑅𝑅𝑎𝑣𝑔 =
∑ 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊𝑖 ∗ 𝐻𝑜𝑢𝑟𝑠 𝑅𝑅𝑖𝑛
𝑖=1

∑ 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊𝑖
𝑛
𝑖=1

 

The average hours realization rate for all logged measures within a site was applied to any non-
logged measures without a matching space type. Due to the strong dependence of lighting 
control measure impacts on occupant behavior and contractor estimates of savings, we 
determined that it was more appropriate to apply an average realization based on other measures 
at the same site than to apply an average space type results based on similar space types logged 
at other sites.  

For all non-logged measures, the appropriate hours realization rate was applied to the tracking 
estimates of annual hours reduced to determine the operation adjusted annual hours reduced. 

Perform QA/QC on Measure Logger Data  
Once we completed the logger data analysis, we performed an additional review to ensure that 
the final set of measure data were appropriate for pre/post comparison and sufficiently 
representative of the other lighting control measures installed at the site. On the measure level, 
we reviewed the calculated annual pre hours, post hours, and annual hours reduced for each 
measure. We considered the customer, building type, space type, and field notes in our 
assessment of the reasonableness of the evaluated hours.  

For several measures, we followed up with the field technician to verify that the logger data were 
consistent with their observations of the space use. Of the 211 measures with collected pre/post 
data, we identified eight measures to be removed from the analysis due to unreliable pre/post 
TOU data. These measures are shown in Table 9 with a brief description of why the measure was 
removed.  
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Table 9. Measures Removed from Evaluation 

Measure 
ID 

Site 
ID Space Type Reason for Removing Measure 

648 35 Lounge/Recreation 

Pre period logger data showed 0.0 hours and post period data showed large 
increase in weekly hours. Field technician notes stated that the space usage is 
irregular. This site was dropped because the pre-metering period was too short and 
it was determined unfair to extrapolate the short and irregular metering period to 
represent annual usage. 

674 46 Restrooms 

Pre period logger data showed 0.0 hours and post period data showed large 
increase in weekly hours. Field technician notes stated that the space is used 
infrequently and that the post-period logger may have been sensing day light. This 
site was dropped because field notes suggested the post period observed irregular 
usage and that logger data may be incorrect. 

1100 103 Active Storage 

Logger data showed an increase in average weekly hours from 17 hours/week pre to 
50 hours/week post. Notes from the field engineer stated that the contractor was 
"doing work" in the space in the post period, which is likely the cause of the hours 
increase. Measure is removed since it is likely that the post-logging period is not 
typical of averagely weekly consumption. 

1150 115 Office - Open 

Logger data showed an increase in average weekly hours from 4 hours/week pre to 
47 hours/week post. Notes from the field engineer stated that the occupant was not 
in the office during the pre-logging period, which is likely the cause of the hours 
increase. Measure is removed since it is likely that the pre-logging period is not 
typical of averagely weekly consumption. 

1367 147 Restrooms 

The post logger data showed lighting operation over all hours of the day. The field 
notes stated that the logger may be catching excess light (day light and/or security 
lighting), which likely explains the perceived continuous usage. The field technician 
confirmed that the space (a bathroom) would not be continuously occupied for any 
reason.  

1386 152 Office - Enclosed 

The post logger data showed lighting operation over all hours of the day. The field 
technician noted that the lights did not operate continuously and indicated that the 
logged had likely malfunctioned or was being influenced by another light source such 
as day light and/or security lighting.  

1407 153 Active Storage 
The post period data showed 24/7 lighting usage for a storage space. Field 
technician agree that the space would not always be occupied and that data should 
not be used. 

1459 159 Lounge/Recreation 
The post logger data showed lighting operation over all hours of the day, and 
operating in post period only. The field notes stated that the logger was not working 
properly. 

 
After the final review of measure data, we reviewed all sites to assess whether the final set of 
pre/post logger data were sufficient to estimate average operation and coincidence adjustments 
for each sampled site. For each site, we calculated the percentage of the total tracked site lighting 
control measures that were logged and the percentage of the total site lighting control kWh 
savings that was logged. This comparison of site evaluation and tracking data is listed in  
Table 10. 
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Table 10. Review of Site Data 

Site Evaluation Reviewi 
Count of 

Sample Sites 
Percentage of 
Sample Sites 

100% of tracked site lighting control measures logged pre/post 23 33% 
50%+ of tracked site lighting control measure kWh savings logged pre/post 22 32% 
30%+ of tracked site lighting control measures or kWh savings logged pre/post 10 14% 
Less than 30% of tracked site lighting control measures or kWh savings logged pre/post 14 20% 
i Based on a comparison of the QA/QC’d pre/post logger data to the final list of tracked lighting control measures from the PAs’ 
tracking databases; data loggers were deployed prior to project installation based on a preliminary measure list. 
 
For one third (33%) of the evaluated sites, we had complete pre/post logged data for 100% of the 
tracked lighting control measures and savings. For an additional 22 sites (32%), we had complete 
pre/post logger data for at least 50% of the tracked lighting control energy savings; and for 10 
sites (14%), we had pre/post logger data for least 30% of the tracked lighting control measures. 

For the remaining 14 sites—for which we had neither 30% of the measures or measure kWh 
savings logged—we performed a site-by-site review to compare the set of pre/post evaluated 
measures to the list of tracked lighting control measures to determine whether the logged 
measures provided a fair representation of the overall site operation. The factors considered in 
this comparison included the list of pre/post logged measures, the full set of tracked lighting 
control measures, and location and space type indicators for each.  

Of the 69 sites for which both pre and post loggers were installed, we identified 11 sites to be 
removed from the analysis because the final set of pre/post logged measures was not 
representative of the full list of lighting control measures identified in the PA tracking data. The 
shortage of pre/post logged for these eleven sites had multiple causes, including:  

• Pre/post logger data did not pass QA/QC, reducing the available pre/post data at the site. 

• The final set of tracked lighting control measures for a site did not match the planned set 
of lighting control measures, reducing the representation of the pre/post logged measures. 

• Planned measures logged in the pre-retrofit condition were not implemented reducing the 
available pre/post data at the site. 

• Some pre/post logged measures were not claimed in the tracking data. 

Table 11 lists the eleven sites and thirty three measures that were dropped from the program 
impact analysis after this site-level review. Although these eleven sites were dropped from the 
overall program impact analysis, the pre/post measure data from these sites were retained for our 
review of pre/post operation by space type (see Figure 11 through Figure 28). The results for 
these measures are not included the program analysis and do not impact the final results, but they 
are useful in examining the variation of pre/post operation of occupancy sensor installations. 
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Table 11. Sites Removed from Evaluation 

Site 
ID 

Building 
Type 

Complete 
Measures 
Logged 
Pre/Post 

%Site kWh 
Savings 
Logged 
Pre/Post Reason For Removing Site 

11 Health 2 3% 

11 measures were planned for this site, of which 4 (36%) were selected for 
logging. Two of the logged measures were not implemented and an additional 
120 measures were reported in the tracking data. The 2 complete pre/post 
logged measures do not represent the tracked site lighting control kWh. 

25 School 2 0% 

48 measures were planned for this site, of which 5 (10%) were selected for 
logging. One logged measure was not implemented and 2 logged measures 
did not pass QA/QC. Neither of the 2 complete logged measures was claimed 
in the site tracking data. 

26 School 4 0% 
41 measures were planned for this site, of which 5 (12%) were selected for 
logging. The data for one logged measure did not pass QA/QC. None of the 4 
complete logged measures were claimed in the site tracking data. 

27 School 4 3% 
67 measures were planned for this site, of which 5 (7%) were selected for 
logging. The data for one logged measure did not pass QA/QC and only one 
of the 4 complete logged measures was claimed in the site tracking data. 

28 School 4 13% 

123 measures were planned for this site, of which 5 (4%) were selected for 
logging. One logged measures was not installed and one logged measure was 
not claimed in the tracking data. The logged measures represent a small 
fraction of the site kWh savings. 

29 School 1 0% 

77 measures were planned for this site, of which 5 (6%) were selected for 
logging. One logged measure was not implemented and the data for three 
logged measures did not pass QA/QC. The remaining logged measure does 
not adequately represent site lighting control kWh savings. 

52 Office 4 10% 

44 measures were planned for this site, of which 4 (11%) were selected for 
logging. Although all logged measures were complete and only one additional 
measure was claimed in the tracking data, final site review showed the logged 
measures did not fairly represent other measures implemented at the site. 

72 Warehouse 2 17% 

6 measures were planned for this site, of which 3 (50%) were selected for 
logging. One of the logged measures was not implemented and an additional 
ten measures were reported in the tracking data. The 2 complete pre/post 
logged measures do not represent the space types of other measures 
implemented. 

116 Office 4 18% 

11 measures were planned for this site, of which four (36%) were selected for 
logging. Four additional measures were reported in the tracking data for a total 
of 16 measures. The 4 complete pre/post logged measures do not represent 
the major space types or site lighting control kWh. 

117 Other 3 16% 

14 measures were planned for this site, of which 4 (29%) were selected for 
logging. One of the logged measures was not implemented, and the 3 
remaining pre/post logged measures do not adequately represent the space 
types of other measures implemented. 

120 Other 3 22% 

14 measures were planned for this site, of which 4 (29%) were selected for 
logging. One of the logged measures was not implemented and the logger 
data for another did not pass QA/QC. The two remaining pre/post logged 
measures do not adequately represent the space types of other measures 
implemented. 
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Final Evaluation Sample 
The final evaluation sample included 203 pre/post logged installations of lighting control 
measures. Of these, 170 measures were included in the final evaluation sample of 58 sites. The 
other 33 measures, which were logged pre/post but not part of a complete site, were retained for 
the space type analysis.  

Pre/Post Sites by Space Type 
During the site data collection, we assigned a space type for each lighting control measure 
studied. Table 12 shows the distribution of the 203 pre/post logged measures by space type.  

Table 12. Pre/Post Sites by Space Type 

Space Type #Measures %Measures Space Type #Measures %Measures 
Active Storage 27 13% Food Preparation 3 1% 
Atrium 1 0% Inactive Storage 8 4% 
Classroom/Lecture/Training 20 10% Laboratory 2 1% 
Conference/Meeting/Multipurpose 10 5% Lobby 1 0% 
Corridor/Transition 5 2% Lounge/Recreation 7 3% 
Dining Area 8 4% Office - Enclosed 49 24% 
Dressing/Locker/Fitting Room 1 0% Office - Open 16 8% 
Electrical/Mechanical 4 2% Restrooms 39 19% 
Exterior 2 1% ALL 203 100% 

 
The following six space types accounted for 79% of all measures evaluated: 

• Active Storage  
• Classroom/Lecture/Training 
• Conference/Meeting/Multipurpose 
• Office - Enclosed 
• Office - Open 
• Restrooms 
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Pre/Post Sites by Building Type 
Table 13 shows a summary of the 58 evaluated sites by building type. After all data screening 
and QA/QC, these sites included a total of 170 logged measures.  

Table 13. Pre/Post Sites by Building Type 

Building Type CLC National Grid NSTAR Unitil WMECO Total Count Total % Target %i 
Office  5 9  4 18 31% 27% 
Retail 1 3 1 1 3 9 16% 15% 
Other 1  3   4 7% 12% 
Industrial  5 2   7 12% 10% 
Restaurant 2 1 2   5 9% 7% 
School  2    2 3% 6% 
Health  1 2   3 5% 5% 
Warehouse 1 2  1  4 7% 5% 
College      0 0% 5% 
Multi-family   3   3 5% 3% 
Grocery   3   3 5% 2% 
Hotel      0 0% 1% 

ALL 5 19 25 2 7 58  70 
i The planned distribution of sites across building type was based on the PAs 2010 program year data. 

 

Pre/Post Duration 
One challenge with pre/post impact evaluations is the ability to collect sufficient pre-installation 
data. In Table 2, we described the challenges of procuring pre-installation data. Figure 8 shows 
the distribution of evaluated projects by the duration of the pre-installation logging period.  

Figure 8. Pre/Post Logging Duration 
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The pre-installation logging periods were generally shorter than the post-installation periods 
because both the contractor and customer were eager to complete the retrofit project. Sites were 
recruited for evaluation only after customer agreements were signed, and contractors often had 
an installation schedule to meet. Post-installation metering was less constrained because it 
occurred after the contractor tasks were complete and required little coordination with the 
customer and contractors.  

We achieved two weeks or more of pre-installation logging at 24 sites. Twelve sites (21%) were 
monitored for seven or fewer days before installation of the lighting controls. The short pre-
installation monitoring periods were due to the tight scheduling availability and pressure from 
the project contractors, vendors, and customers to complete the lighting control installations. 

The post-installation periods were typically longer than two weeks with 24 sites exceeding three 
weeks of logging. 
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PA TRACKING DATA 

Program Summary 
Table 14 shows the total count of PY 2011 SBDI projects that included lighting controls for each 
PA and for the statewide program. The total energy savings represents the tracked energy 
savings for the lighting control measures only; energy savings for lighting fixture retrofits are not 
included or considered in this study. Roughly 88% of the projects, representing 95% of savings, 
are implemented in National Grid and NSTAR territories. The top four vendors account for 86% 
of projects and 92% of savings. 

Table 14. Program Data by PA, Lighting Controls 

PA # of Projectsi  %Statewide Projects Tracking MWh %Statewide MWh 
CLC 55 3% 52 1% 
NGRID 619 36% 2,435 48% 
NSTAR 898 52% 2,364 47% 
Unitil 2 0% 5 0% 
WMECO 160 9% 184 4% 

ALL 1,734 100% 5,040 100% 
i The statewide population includes all lighting control projects for all PAs except Unitil, for which the population includes only the 
evaluated lighting controls projects. The total number of projects with lighting controls for Unitil is unknown because we were 
unable to distinguish lighting projects with from those without controls. These data are not tracked separately for Unitil. 
 
Table 15 shows the PY 2011 lighting controls projects and tracked lighting controls energy 
savings by PA and by implementation contractor. Roughly 86% of the projects, representing 
92% of the statewide energy savings, are implemented by four contractors: RISE Engineering 
(RISE), Northern Energy Services (NES), PRISM Energy Services (PRISM), and AECOM. 
These four contractors serve the programs of all PAs except WMECO, which uses multiple 
smaller implementation contractors. Twenty different contractors implemented at least one 
lighting controls project through the PAs’ SBDI programs in PY 2011. 

Table 15. Program Data by Vendor 

Vendor CLC 
National 

Grid NSTAR Unitili WMECO ALL %ALL 
Tracking 

kWh 
Tracking 

MWh 
%Tracking 

MWh 
RISE 54   475     529 31% 933,420 933 19% 
NES   356 170     526 30% 1,479,314 1,479 29% 
PRISM   176 56     232 13% 1,143,294 1,143 23% 
AECOM   87 113     200 12% 1,069,775 1,070 21% 
Otherii 1   1 2 95 99 6% 109,192 109 2% 
TNT     83   2 85 5% 223,248 223 4% 
UE         63 63 4% 81,535 82 2% 

ALL 55 619 898 2 160 1,734 100% 5,039,778 5,040 100% 
i Only the evaluated lighting controls projects are shown for Unitil. The total number of projects with lighting controls for Unitil is 
unknown because Cadmus was unable to distinguish lighting projects with from those without controls. 
ii Includes 14 different contractors who implemented at least one lighting control project in PY 2011. 
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Tracking Data and Calculations 
The Massachusetts Technical Reference Manual (TRM) – 2011 Plan Version12 provides the 
following formulas to calculate energy and demand savings for lighting control installations:  

𝐺𝑟𝑜𝑠𝑠 𝑘𝑊 = 𝑄𝑢𝑎𝑛𝑡𝑖𝑡𝑦 𝑜𝑓 𝐹𝑖𝑥𝑡𝑢𝑟𝑒𝑠 ∗ 𝐹𝑖𝑥𝑡𝑢𝑟𝑒 𝑊𝑎𝑡𝑡𝑎𝑔𝑒 

𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ = 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊 ∗ 𝐻𝑜𝑢𝑟𝑠 𝑅𝑒𝑑𝑢𝑐𝑒𝑑 

The TRM states that fixture quantity and wattage should be based on the actual lighting 
equipment that will be controlled by the occupancy sensors. The TRM does not specify the 
number of hours but recommends that the hours be project-specific.  

Cadmus analyzed the collected tracking data to determine how tracking kW and kWh savings are 
calculated for program tracking and reporting. Generally, the PAs use the same impact formulas 
to calculate energy and demand savings, but they vary in their methods for tracking and 
determining the annual hours reduced used in the energy impact calculations.  

For the SBDI program, the PAs rely on program contractors to record key measure data—fixture 
type, watts, and quantity and pre/post operating hours or total hours reduced—and may also rely 
on the contractors to perform the energy and demand savings calculations. Project data are 
provided to the PAs in various formats depending on the PA and contractor. The tracking data 
for National Grid and WMECO consistently included the measure details necessary to perform 
independent energy and demand savings calculations. CLC and Unitil tracking data included the 
gross energy and demand savings values for the lighting control measures, but not the measure 
detail. NSTAR tracking data included a mix of data; some of its contractors provided all measure 
details necessary for the savings calculations while others provided only the energy and demand 
savings values. 

For all evaluated projects for which the measure detail was not included in the tracking data, we 
collected the original project documents from the PAs to extract the project contractor’s 
documentation of the controlled kW and predictions of the hours reduced. For non-evaluated 
projects where the lighting control measure detail data was not provided, we calculated the 
tracking hours reduced as the ratio of the tracked annual energy savings to the tracked gross 
demand savings:  

𝐻𝑜𝑢𝑟𝑠 𝑅𝑒𝑑𝑢𝑐𝑒𝑑 =
𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ
𝐺𝑟𝑜𝑠𝑠 𝑘𝑊

 

 
Table 16 presents a summary of the PAs’ methods for tracking and reporting energy savings for 
lighting controls measures. Each PA's tracking data and calculation methods are described in 
more detail in the following sections. 

                                                 

12 Massachusetts Technical Reference Manual for Estimating Savings from Energy Efficiency Measures, 2011 
Program Year – Plan Version: http://www.ma-
eeac.org/docs/MA%20TRM_2011%20PLAN%20VERSION.PDF.  
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Table 16. PA Methods for Tracking Savings 

PA Connected kW 
Annual Hours 

Reduced 
Annual kWh 

Savings Reporting 
CLC Calculated by 

contractor 
Pre and post hours 
estimated by 
contractor 

Calculated by 
contractor 

Lighting fixtures and controls are tracked 
as separate measures; HVAC 
interaction is not included in gross 
savings 

National 
Grid 

Fixture type and 
wattage provided by 
contractor; connected 
kW calculated in 
tracking system 

Hours reduced 
estimated by 
contractor 

Calculated in the 
tracking system 
based on 
information from 
contractor 

Lighting fixtures and controls are tracked 
as separate measures; HVAC 
interaction is not included in gross 
savings 

NSTAR Calculated by 
contractor 

Multiple methods: pre 
and post hours or 
hours reduced are 
estimated by 
contractor 

Calculated by 
contractor 

Lighting fixtures and controls are 
typically reported separately; at least 
one contractors includes lighting control 
savings with lighting fixture measures; 
HVAC interaction is not included in 
gross savings 

Unitil Calculated by 
contractor 

Pre and post hours 
estimated by 
contractor 

Calculated by 
contractor; lighting 
fixture and control 
savings are 
combined 

Energy and demand savings are tracked 
at the project level; lighting fixture and 
control savings are not disaggregated; 
HVAC interaction is not included in 
gross savings  

WMECO Fixture type and 
wattage provided by 
contractor; connected 
kW calculated in 
tracking system 

Pre and post hours 
estimated by 
contractor; hours 
reduced are 
calculated as 30% of 
pre hours 

Calculated in the 
tracking system 
based on 
information from 
contractor 

Lighting fixtures and controls are tracked 
separately; HVAC interaction is typically 
not included in gross savings 

Cape Light Compact 
Cape Light Compact (CLC) provided project and measure data for all lighting control measure 
installations for the 2011 program year and through March 31, 2012, but did not track the 
measure detail data used to calculate measure energy and demand tracking savings. This measure 
data are collected by the program contractors for use in calculating energy and demand impacts 
for lighting controls, but is not provided to CLC for tracking or calculation purposes. As such, 
CLC relies on the contractors to provide accurate calculations of energy and demand impacts for 
each measure. For the evaluated sites, we used the original project documents to verify the 
contractor’s calculations of lighting control savings.  

National Grid 
National Grid provided project and measure data for all lighting control installations for the 2011 
program year and through March 31, 2012, including measure detail data used to calculate 
measure energy and demand tracking savings.  

Review of National Grid’s measure tracking data for lighting controls showed the following key 
data are collected and used in the calculation of gross energy and demand savings: existing 
fixture quantity, existing fixture code, existing fixture wattage, and annual hours reduced. 
National Grid uses the data provided by the contractors to calculate energy and demand savings 
independently for each lighting control measure. 
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NSTAR 
NSTAR provided project and measure data for all lighting control installations for the 2011 
program year and through March 31, 2012, including measure detail data used to calculate 
measure energy and demand tracking savings.  

Review of NSTAR’s tracking data showed it uses multiple methods to track energy and demand 
savings. For some projects all key project parameters were available in the tracking data while 
for other projects only the estimated energy and demand savings were available.  

Although its tracking system has the capability to collect measure detail data, NSTAR relies on 
its program contractors to provide accurate calculations of energy and demand impacts for each 
measure. Cadmus used the measure data collected in the tracking system to re-calculate and 
verify the contractor’s calculations energy and demand savings. 

Unitil 
Unitil was unable to provide disaggregated program data for lighting controls measures. For 
Unitil’s SBDI program, energy and demand savings is tracked at the project level. Most projects 
include multiple measures, and a single measure may include both a lighting fixture and lighting 
control retrofit. Cadmus collected project documentation for the two evaluated Unitil projects to 
determine the tracking energy and demand savings for the lighting control measures only and 
verify the project contractor’s calculations of energy and demand savings for the lighting control 
measures. 

WMECO 
WMECO provided project and measure data for all lighting control installations for the 2011 
program year and through March 31, 2012, including measure detail data used to calculate 
measure energy and demand tracking savings.  

For the majority of measures, tracking energy and demand savings calculations were consistent 
with the TRM formulas. Demand savings were calculated based on contractor reports of fixture 
wattage and quantity, and annual hours reduced was determined by applying a factor to the 
existing hours-of-use. The tracking data showed that estimates of existing and proposed hours 
were collected; however, for a majority of measures, annual hours reduced used for the energy 
savings calculations was determined by applying a factor of 0.3 to the existing operating hours. 

Matching Tracking Data to Evaluated Sites 
Cadmus matched the projects and measures from the evaluation sample to the corresponding 
projects and measures reported in the PA tracking data. We identified all evaluated projects in 
the PA tracking data and all but 14 evaluated measures.  

These 14 unclaimed lighting control measures represent lighting control installations for which 
we verified installation of an occupancy sensor and collected pre- and post-installation TOU 
data, but which were not included in the list of claimed lighting controls measures from the PA 
tracking data. While it is unclear why these measures were not claimed, they are included in the 
program impact analysis because the evaluation verified those measures to be installed as part of 
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project installations that were claimed in PY 2011.13 It was determined to include these measures 
in the evaluation because they were installed as part of the same effort as other claimed measures 
and are unlikely to be claimed in a customer spillover survey. Because the measures were 
implemented at the same time and by the same vendor as other measures verified and claimed in 
the PA tracking data, it is unlikely that the customer is aware that some measures were not 
claimed, much less be able to differentiate among which measures were and were not claimed. 
Therefore, it is probable that the customer would not indicate on a spillover survey that it 
installed any measures additional to what was claimed in the tracking data. 

Where possible, for each matched measure we identified the following savings parameters to 
compare with data collected during the evaluation: lighting fixture type, lighting fixture wattage, 
lighting fixture quantity, estimated hours before and after or estimated hours reduced, total gross 
kW savings, and total gross kWh savings. We used this data from the tracking system or original 
project documents to recalculate and verify the tracked energy and demand savings for each 
evaluated measure.  

                                                 

13 Since no savings were claimed for these measures, including the verified and installed measures in the evaluation 
population results in a positive documentation adjustment. 
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EVALUATION CALCULATIONS 

The Cadmus team used the logger data and matched program tracking data to determine 
measure-level adjustments for all lighting controls at each sampled site. These adjustments—
documentation, verification (including technology and quantity), operation, coincidence, and 
HVAC interaction—were then applied to the tracked energy and connected kW savings values to 
produce overall energy and demand savings. Each adjustment is applied to the previously 
calculated adjusted savings value so that the result of each adjustment is isolated and highlights 
the accuracy of each step in the calculation of energy and demand savings.  

For energy savings, the total evaluation adjustment is the sum of the documentation, technology, 
quantity, operational, and HVAC interactive adjustments.  

For demand savings, the connected kW adjustment is the sum of the documentation, technology, 
and quantity adjustments. The coincidence and HVAC interactive adjustments are then applied 
to the adjusted connected kW savings to determine the total evaluation adjustment for demand 
savings coincident with the summer and winter peak periods. 

The calculated statewide program adjustments are shown in Table 22 and Table 23 in the Results 
section of this report. These program-level adjustments are calculated using the aggregate site-
level adjustments provided in Tables A-1 through A-3 in Appendix A. The program adjustments 
are calculated by applying the site weight factors listed in Table 17 to the aggregate site-level 
adjustments. 

The following section describes each evaluation adjustment.  

Documentation Adjustment  
The document adjustment reflects changes in savings due to discrepancies caused by data 
transcription or entry errors, rounding errors, miscalculation of savings, or differences in 
methodology.  

The Cadmus team reviewed tracking data provided by the PAs and the savings algorithms 
outlined in the TRM. For each evaluated measure, we identified the tracking kW and the tracking 
kWh savings, but in some cases we did not have the data to segregate the tracking fixture type, 
wattage, and quantity. Where possible, we recalculated the demand and energy savings based on 
information provided in the tracking data. We then compared the re-calculated connected kW to 
the tracking gross connected kW. Any discrepancy between these values represents the 
documentation adjustment.  

Technology and Quantity Adjustments 
The technology and quantity adjustment includes adjustments to both technology (fixture type 
and wattage) and quantity based on a comparison of field-verified total connected kW and the 
tracking connected kW value. A positive adjustment reflects a higher total controlled wattage 
verified in the field; a negative adjustment reflects a lower total controlled wattage verified in the 
field. The adjustment for technology and quantity is performed in a single step in this evaluation 
because the tracking data for some PAs did not include enough measure-level detail to 
disaggregate the tracking estimated fixture wattage and quantity. Where only the total controlled 
kW (gross kW) was available for a measure, independent adjustments for quantity and fixture 
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type could not be performed. Instead, the combined adjustment compares the tracked gross kW 
to the adjusted gross kW based on evaluation field verification of the controlled fixture type and 
quantity. 

During our analysis of the collected post-installation period data, we recorded the controlled 
fixture type, wattage, and quantity and calculated the total connected kW. The verification 
adjustment for demand is the difference between the verified connected wattage and the 
documentation adjusted wattage. The verification adjustment for energy is the difference 
between the product of the verified connected wattage and the tracking annual hours reduced and 
the documentation adjusted energy savings.  

Operation Adjustment  
The operation adjustment reflects the change in savings due to differences in the measured 
operating hours compared to the hours reduced estimated for the tracking energy savings. An 
operation adjustment is caused by a discrepancy between the reported and actual annual hours 
reduced due to the lighting controls installation.  

We collected logger data for selected measures at each site, which we then analyzed to determine 
annual operating hours for each measure. We then calculated the operation adjusted energy 
savings by multiplying the field-verified connected kW and the evaluated annual operating 
hours. The operation adjustment is the difference between the operation adjusted kWh savings 
and the technology and quantity adjusted kWh savings.  

Coincidence Adjustment  
The coincidence adjustment reflects the fact that the maximum demand reduction (the connected 
lighting kW load) is not always realized during the peak periods. The coincidence adjustment for 
each peak period is calculated as the difference between the demand reduction coincident with 
the peak period and the total connected lighting demand (i.e., the maximum demand 
reduction). 14  

𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 = 𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑘𝑊 𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 − 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊  

The coincidence adjustment is either a zero or negative value. A coincidence adjustment value of 
zero (i.e., no adjustment is made) indicates that the maximum demand savings are achieved 
during the peak period. A negative coincidence adjustment indicates that only a fraction of the 
maximum demand reduction is realized during the peak period.  

The coincidence factor for each peak period is calculated as the ratio of the demand savings 
coincident with the peak period and the total controlled kW, and represents the fraction of the 
maximum demand reduction that is realized during each peak period. The coincidence factor can 
be calculated using the coincidence adjustment as follows:  

𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 =  
𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊 +  𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡

𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊
  

                                                 

14 The coincidence adjustment does not compare the evaluated coincidence factors with the coincidence factors 
previously used by the PAs. 
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For example, the coincidence adjustment for a 10 kW connected lighting load that saves only 5 
kW during the peak period is -5 kW, and the coincidence factor is 50%:  

𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 =  5 𝑘𝑊 − 10 𝑘𝑊 = −5 𝑘𝑊 

𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝐹𝑎𝑐𝑡𝑜𝑟 =  
10 𝑘𝑊 + (−5 𝑘𝑊)

10 𝑘𝑊
= 50% 

Cooling and Heating (HVAC Interaction) Adjustments  
Cooling and heating adjustments reflect the energy and demand impacts on a facility’s HVAC 
equipment due to the lighting energy and demand impacts on the facility’s cooling and heating 
loads. A reduction in lighting load (due to a reduction in operating hours, for example) results in 
the reduction of the cooling load and an increase in the heating load. Similarly, an increase in 
lighting load (due to an increase in operating hours, for example) results in an increase of the 
cooling load and a decrease in the heating load. 

During site visits, Cadmus noted the heating fuel type and whether the facility had air 
conditioning. For cooled and/or heated sites, we estimated the HVAC impacts using the 
methodology outlined in the Non-Controls Lighting: Multi-Season Study.15 Additional detail on 
these calculations is provided in Appendix B. 

  

                                                 

15 Non-Controls Lighting Evaluation for the Massachusetts Small Business Direct Install Program: Multi-Season 
Study. The Cadmus Group, Inc. May 2012. 
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SAMPLE ANALYSIS 

The original sample design was completed in December 2010 and based on the PAs’ 2009 
population of lighting controls projects.16 Unlike traditional program impact evaluations, which 
are designed and conducted after the close of the program year, this pre/post evaluation had to 
rely on historical program data to guide the sample strategy. While a traditional impact 
evaluation has a defined population of projects from which to select a sample, the pre/post 
evaluation—which collects data throughout the program year being studied—must predict the 
program population and target a sample population that will be representative of the program. 
Only after the close of the program year can the achieved sample be compared to the total 
population to develop sample strata and determine appropriate weighting factors for each sample 
site. 

Based on a review of the PAs’ 2009 population of lighting controls projects and assuming that 
the 2011 program would look similar to 2009, we aimed to collect pre/post logger data for 
measures at 70 sites, where the distribution of sites by building type was similar to that in 2010. 
This sample of projects was expected to achieve 90% confidence and 10% relative precision for 
the statewide program. As shown previously in Table 13, the achieved evaluation sample has a 
distribution building types similar to the sample plan.  

To assess how the achieved evaluation sample represents the final 2011 program population by 
project size,17 we compared the size distribution of the evaluation sample to the size distribution 
of the PA’s 2011 program population of projects. This sample analysis is performed by grouping 
the program population of projects into four size strata depending on the total lighting control 
energy savings (kWh) claimed for each project.18 The size strata are determined by inspecting the 
population of projects and defining size boundaries that group projects of a similar size.  

Figure 9 shows the percentage of projects from the program tracking data and evaluation sample 
for each of four size strata and confirms that the size distribution of the evaluation sample is 
representative of this population.  

                                                 

16 The original sample is based on the PAs’ 2009 program data because the impact evaluation was planned to begin 
during the 2010 program year. For reasons discussed in the Project Recruitment section, the evaluation was 
delayed until 2011. 

17 Project size refers to the total tracked annual energy savings for the project’s lighting control measures. 
18 Unitil does not track savings at the measure level, so Cadmus could not distinguish lighting control savings for the 

population of Unitil projects without reviewing the documentation for each project. For Unitil, only the 
evaluated projects are considered in the population, and the lighting controls measures and savings are 
identified through manual review of the project documentation. Since Unitil represents a small fraction of the 
statewide population, this is a reasonable simplification.  
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Figure 9. Program and Evaluation Projects by Size Strata 

 

 
Figure 10 shows the percentage of total program tracking and evaluation sample energy savings 
accounted for within each of the four size strata. 

Figure 10. Program and Evaluation Tracking MWh by Size Strata 

 

 
Figure 9 and Figure 10 show that the smallest strata—including projects smaller than 2,000 kWh 
controls savings—represents 75% of the program projects but only 12% of the total program 
energy savings. The large strata, including projects larger than 25,000 kWh savings, is only 2% 
of the program projects but accounts for 35% of the program savings. 

The evaluation sample shows a similar trend: the small strata includes 71% of the sample 
projects but only 11% of the sample tracked energy savings; the large strata includes 7% of the 

C-45



MA SBDI Programs Pre/Post Lighting Occupancy Sensor Study October 23, 2012 

The Cadmus Group, Inc. / Energy Services Division 39  

sample projects and 60% of the sample tracked energy savings. The large strata in the evaluation 
sample is over-represented in both percentage of projects and tracked energy savings, so site 
weights are calculated for each stratum to reflect the number of projects represented by each 
evaluation project in that stratum.  

Statewide (All Electric PAs) 
Table 17 shows the number of population and evaluation projects in each size strata and the 
calculated sample weight for each stratum for the statewide program including all electric PAs.  

Table 17. Sample Strata and Weights, Statewide (all PAs) 

Stratum 
Project 

Size 
Population 

Counti 
Sample 
Count Site Weight 

Population Tracking 
kWh 

Large 25,000+ 34 4 8.50 1,773,785 
Medium < 25,000 119 3 39.67 1,533,765 
Small-Med < 7,500 283 11 25.73 1,117,483 
Small < 2,000 1,298 40 32.45 614,745 

Total NA 1,734 58 NA 5,039,778 
i The statewide population includes all lighting control projects for all PAs except Unitil, for which the population includes only the 
evaluated lighting controls projects. The total number of projects with lighting controls for Unitil is unknown because we were 
unable to distinguish lighting projects with controls from those without controls. 
 
The site weight for each stratum represents the number of program projects represented by each 
sample site within its stratum and is calculated as the total number of program projects in a 
stratum divided by the number of evaluation sample projects. The oversampling of the large 
stratum in the evaluation sample is accounted for with a lower site weight. 

𝑆𝑖𝑡𝑒 𝑊𝑒𝑖𝑔ℎ𝑡𝑆𝑡𝑟𝑎𝑡𝑎 𝑖 =
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑢𝑛𝑡𝑆𝑡𝑟𝑎𝑡𝑎 𝑖

𝑆𝑎𝑚𝑝𝑙𝑒 𝐶𝑜𝑢𝑛𝑡𝑆𝑡𝑟𝑎𝑡𝑎 𝑖
 

The site weights are applied to the measures for each evaluated site to calculate the total 
weighted evaluation savings and total weighted tracking savings for the evaluation sample. The 
following formula describes how the site weights and evaluated measure results are used to 
calculate the program energy realization rate.  

𝑘𝑊ℎ 𝑅𝑅 =
∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑘𝑊ℎ𝑗𝑛
𝑗=1

∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝑘𝑊ℎ𝑗𝑛
𝑗=1

 

Where:   
   
𝑆𝑖𝑡𝑒 𝑊𝑒𝑖𝑔ℎ𝑡𝑆𝑡𝑟𝑎𝑡𝑎 𝑖 = Site weighting factor for strata i 
𝑃𝑜𝑝𝑢𝑙𝑎𝑡𝑖𝑜𝑛 𝐶𝑜𝑢𝑛𝑡𝑆𝑡𝑟𝑎𝑡𝑎 𝑖 = Number of projects in the population for strata i 
𝑆𝑎𝑚𝑝𝑙𝑒 𝐶𝑜𝑢𝑛𝑡𝑆𝑡𝑟𝑎𝑡𝑎 𝑖 = Number of projects in the evaluation sample for strata i 
𝑘𝑊ℎ 𝑅𝑅 = Evaluation energy realization rate 
𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑘𝑊ℎ𝑖 = Evaluated annual energy savings for site j 
𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝑘𝑊ℎ𝑖 = Tracking annual energy savings for site j 
n = Total number of sites in the evaluation sample 
 
Formulas for the other impact factors are provided in Appendix C. 
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Potential Sources of Bias 
There are several possible sources of bias in this pre/post metering evaluation that are difficult to 
quantify but should be considered with the study results and for future pre/post impact 
evaluations.  

In the sampling analysis, we treated the sites as if they were randomly selected among program 
participants. This is a typical assumption for impact evaluations when the sample population is 
selected from a defined program population, even though there is some potential for bias when a 
customer can refuse to participate in on-site data collection. However, because this study 
required data collection during the program year (in order to collect pre-installation metering), 
sample sites were recruited throughout the year and relied on cooperation of both the program 
contractor and the participating customer. As a result, all evaluated sites are those for which the 
vendors and customers were willing to delay implementation of the controls retrofits and allow 
installation of lighting TOU loggers in their spaces for a multi-week period. Since savings for 
lighting controls are based on standard formulas and, as this study shows, the realized impact of 
installations is highly variable, it is unlikely that contractors biased the evaluation toward better 
performing projects. 

Another potential source of bias is the influence of the evaluation activities on customer 
behavior. Since customers were aware of the installed lighting loggers in both the pre- and post-
installation period, it is possible that visits by the data collection team and presence of installed 
loggers influenced the behavior of building occupants to control and thereby impact the 
operations of the lighting systems under study. This evaluation has shown that the measure 
impacts are highly dependent on occupant behavior, and since the pre and post logging periods 
were relatively short, small changes in occupant behavior may have large impacts on the 
measure results. Although it is difficult to measure changes in occupant behavior, this potential 
bias may be mitigated with longer monitoring periods. Longer monitoring periods for both pre 
and post periods are more likely to represent regular user behavior.  
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RESULTS 

Pre/Post Hours by Space Type 
This section presents the results of the evaluated pre and post annual operating hours for each of 
the major space types. The summary of average hours by space type is followed by figures 
showing the measure-level pre/post hours results for the major space types.  

Table 18 shows a summary of the unweighted average pre and post operating hours and hours 
reduced based on evaluation logger data, and the average estimated hours reduced from program 
tracking data.  

Table 18. Average Hours Results by Space Type 

Space Type 

Number of 
Measures 
Loggedi 

Average 
Hours PRE 
(Logged) 

Average 
Hours POST 

(Logged) 

Average 
Hours 

Reduced 
(Logged) 

Average 
Hours 

Reduced 
(Tracking) 

Active Storage 27 4,276 1,380 2,896 1,534 
Atrium 1 3,087 3,164 -77 4,160 
Classroom/Lecture/Training 20 1,816 1,501 316 1,489 
Conference/Meeting/Multipurpose 10 1,963 1,526 437 1,142 
Corridor/Transition 5 6,962 2,156 4,806 4,294 
Dining Area 8 2,629 2,264 364 1,243 
Dressing/Locker/Fitting Room 1 6,018 4,154 1,864 4,368 
Electrical/Mechanical 4 1,099 506 592 1,553 
Exterior 2 4,237 1,932 2,305 1,950 
Food Preparation 3 2,552 3,300 -748 2,574 
Inactive Storage 8 539 412 127 1,184 
Laboratory 2 2,452 2,428 24 1,536 
Lobby 1 1,837 1,890 -53 1,040 
Lounge/Recreation 7 3,222 2,093 1,129 2,540 
Office - Enclosed 49 2,031 1,753 278 1,253 
Office - Open 16 1,664 1,678 -14 1,130 
Restrooms 39 3,786 2,177 1,609 2,115 
TOTAL 203 2,780 1,758 1,022 1,651 
i In this study, a measure refers to a line item in the PA tracking database and is typically defined by the project contractor. A 
measure may include multiple control installations of the same fixture type, space type, and pre and post operating hours. 
 
The logged average hours reduced value indicates those space types that are more or less likely 
to see a reduction in the operating hours due to lighting controls. Space types with a negative 
value—atrium, food preparation, lobby, and open offices—showed an increase in the lighting 
operating hours after the controls were installed; space types with a large positive value are more 
likely to see a reduction in lighting operating hours with occupancy controls installed. 

Comparison of the last two columns—logged average hours reduced vs. tracking average hours 
reduced—shows for which space types the lighting control savings are typically overestimated. 
Lighting controls in the atrium, corridor/transition spaces, dressing/locker/fitting rooms, food 
preparation spaces, and lounge recreation spaces were estimated to have the highest impact on 
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operating hours, but only corridor/transition spaces showed a consistently positive impact on 
lighting TOU. 

In the figures that follow, we include the evaluated pre and post annual operating hours for all 
203 pre/post logged measures. For each space type, we present two figures. The first (Metered 
Hours) compares the pre and post annual hours for each logged measure; the difference between 
the pre and post hours is the evaluated hours reduced. The second figure (Hours Reduced) 
compares the evaluated hours reduced to the estimated hours reduced used to calculate the 
tracked energy savings. Measures marked with an asterisk indicate those measures that were 
logged but not included in the PA’s tracking data, so these measures do not have a value for the 
tracking hours reduced.  
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Active Storage 
Pre-installation hours varied substantially for active storage (as shown in Figure 11), with several 
sites operating continuously and about half the sites operating 3,000 hours or less. Post hours 
varied from 0 to about 4,000 hours. As shown in Figure 12, the tracking estimates of hours 
reduced varied from 500 to 4,000 hours, but the actual savings were 6,000 to 8,000 hours for six 
sites. This space type appears to be a good candidate for future programs, and if the implementer 
can screen out sites in which the lights operate less than 3,000 hours, the average savings will 
rise appreciably. 

Figure 11. Metered Hours - Active Storage 

 

Figure 12. Hours Reduced - Active Storage 
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Classroom/Lecture/Training 
Figure 13 and Figure 14 show the TOU metering results for the classroom/lecture/training space 
type. These spaces have relatively low runtimes, with most running less than 2,000 hours per 
year. Only one site ran nearly continuously in the pre-installation period. Post-installation hours 
were relatively unchanged, resulting in low savings for this space type, with only four of the 20 
sites saving 500 or more hours. The pre-monitoring data for this space type show that the lights 
are typically shut off at night; therefore, potential for savings is available only during daytime 
hours when the building is occupied. Lighting control impacts are low because breaks in between 
uses (e.g., classes) may be brief and shorter than the sensor delay setting. For some measures, the 
post operating hours are slightly longer than the pre operating hours. This is likely because the 
occupant manually switched the lights off when vacating the room, but the delay settings on the 
lighting controls keep the lights on for a period after the room is unoccupied. As a group, this 
space type does not appear to be an attractive target for lighting controls in the future. 

Figure 13. Metered Hours – Classroom/Lecture/Training 

 

Figure 14. Hours Reduced – Classroom/Lecture/Training 
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Conference/Meeting/Multi-Purpose 
Figure 15 and Figure 16 show the TOU metering results for the conference/meeting/multi-
purpose space type. This space type varies widely in its use and savings. Roughly five of the ten 
measures had more than 500 hours of savings. Four of the ten however had no or negative 
savings. These areas also ran the least hours prior to installation. If the contractor can screen sites 
by assessing the occupant behavior—whether or not the occupants consistently control the 
lights—through discussions with occupants or with a measurement using dual lighting and 
occupancy sensors, savings for this space type would improve. 

Figure 15. Metered Hours – Conference/Meeting/Multi-Purpose 

 

Figure 16. Hours Reduced – Conference/Meeting/Multi-Purpose 

 
 

C-52



MA SBDI Programs Pre/Post Lighting Occupancy Sensor Study October 23, 2012 

The Cadmus Group, Inc. / Energy Services Division 46  

Corridor/Transition 
Figure 17 and Figure 18 show the TOU metering results for the corridor/transition space type. 
Occupancy sensors installed in corridors and transition areas consistently showed reduced 
lighting TOU after the controls were installed. This space type typically had high hours without 
controls, with measured pre-installed hours ranging from 2,901 to 8,760 annual hours. Each 
occupancy sensor installed in this space type reduced the runtime hours; the evaluated annual 
hours reduced ranged from 1,069 to 8,249 annual hours. Due to the high pre operating hours and 
consistent reduction of hours after control installations, this space type appears to be a good 
candidate for future installations.  

Figure 17. Metered Hours – Corridor/Transition 

 

Figure 18. Hours Reduced – Corridor/Transition 
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Dining Area 
Figure 19 and Figure 20 show the TOU metering results for the dining area space type. 
Occupancy sensors installed in dining areas showed mixed results, with lighting TOU increasing 
after the controls were installed for some measures and decreasing for others. Except for two 
measures, this space type had high hours of use. Measures with high hours of use typically 
showed some reduction in runtime with the controls installed; the measures with low baseline 
hours both showed increased runtime with the controls installed. This space type appears to be a 
good candidate for future installations in spaces where the lights are frequently used (i.e., no day 
lighting) and the space is not constantly occupied or in a high traffic area.  

Figure 19. Metered Hours – Dining Area 

 

Figure 20. Hours Reduced – Dining Area 
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Inactive Storage 
Figure 21 and Figure 22 show the TOU metering results for the inactive storage space types. 
Occupancy sensors installed in inactive storage spaces showed mixed results, with half of the 
measures showing an increase in hours after installation of the controls. The pre-installation 
operating hours for six of eight measures averaged less than two hours per day, suggesting low 
potential for a savings impact. Of the two measures with high pre-installation operating hours, 
one measure showed decreased hours and one showed increased hours with the installed 
controls.  

Figure 21. Metered Hours – Inactive Storage 

 

Figure 22. Hours Reduced – Inactive Storage 
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Office – Enclosed 
Figure 23 and Figure 24 show the TOU metering results for the enclosed office space type. We 
metered 49 installations of occupancy sensors in enclosed offices. The pre-installation metering 
showed lighting TOU between 143 and 5,011 annual hours. A small number of measures had 
very low or very high usage before the sensors were installed; the majority of the measures 
showed pre-installation lighting usage between 1,022 and 2,887 annual hours. While the savings 
vary widely, there appears to be a breakpoint at 1,500 pre-installation hours. Above this 
threshold many sites achieved savings, but below this threshold nearly none achieved savings, 
and many of these sites have negative or no savings. 

Figure 23. Metered Hours – Enclosed Office 

 

Figure 24. Hours Reduced - Enclosed Office 
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Office – Open 
Figure 25 and Figure 26 show the TOU metering results for the open office space type. We 
metered 16 installations of occupancy sensors that control lighting in open office areas. The  
pre-installation metering showed lighting TOU between 185 and 3,471 annual hours. A small 
number of measures had very low usage before the sensors were installed; the majority of the 
measures showed pre-installation lighting usage between 1,526 and 3,471 annual hours. The 
savings vary widely, and there appears to be a breakpoint at 2,000 pre-installation hours. The 
seven sites at or above this threshold achieved savings, but the nine sites below this threshold 
had negative or no savings. 

Figure 25. Metered Hours – Open Office 

 

Figure 26. Hours Reduced - Open Office 
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Restrooms 
Figure 27 and Figure 28 show the TOU metering results for the restrooms space type. We 
metered 39 installations of occupancy sensors that control lighting in restrooms. The pre-
installation metering showed widely varying use. For the roughly 29 sites with pre-installation 
hours above 1,500, all but one achieved some savings. Most sites below this threshold had zero 
or negative savings. 

Figure 27. Metered Hours - Restrooms 

 

Figure 28. Hours Reductions - Restrooms 
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Site Results 
Figure 29 shows the gross energy realization rates (kWh RR) for the 58 sites in the evaluation 
sample. The sites are ordered from smallest to largest impact to show the distribution of 
realization rates, which range from –127% to 1,173%. Thirteen of the 58 sites have a negative 
realization rate and increased lighting TOU for controlled measures. Twenty-four sites have a 
positive realization rate of less than 100%, showing energy savings with occupancy controls but 
a smaller impact than predicted by the program contractors. Nineteen sites have a positive energy 
realization rate greater than 100%, showing energy savings higher than estimated by the program 
contractors. The site realization rates are calculated for the lighting control measures only and do 
not include the impacts of lighting fixture installations or HVAC interaction.  

Figure 29. Site Gross Energy Realization Rates 

 

 
Table 19 lists the site gross energy realization rates by building type and demonstrates that there 
is no clear pattern for lighting control impact by building type. Most building types included in 
this study had at least one site with a negative impact and at least one site with a large positive 
impact. The measure and space type analysis showed that the impact of lighting control 
installations on lighting TOU is more dependent on the space type and baseline occupant 
behavior than the facility in which the controls are installed. 
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Table 19. Site Gross Energy Realization Rates by Building Typei 

Building Type kWh RR Building Type kWh RR Building Type kWh RR 
Grocery -17% Office -127% Restaurant -58% 
Grocery 64% Office -91% Restaurant 26% 
Grocery 243% Office -45% Restaurant 58% 
Health 4% Office -8% Restaurant 187% 
Health 113% Office 3% Restaurant 488% 
Health 197% Office 11% Retail -36% 
Industrial -66% Office 13% Retail -4% 
Industrial 58% Office 22% Retail 1% 
Industrial 62% Office 29% Retail 8% 
Industrial 129% Office 32% Retail 23% 
Industrial 244% Office 52% Retail 39% 
Industrial 408% Office 63% Retail 89% 
Industrial 486% Office 142% Retail 117% 
Multi-family -81% Office 163% Retail 163% 
Multi-family -7% Office 269% Retail N/A 
Multi-family 108% Office 288% Warehouse -3% 
Other 4% Office 1173% Warehouse 85% 
Other 4% School -17% Warehouse 119% 
Other 48% School 28% Warehouse 577% 
Other N/Ai     
i Site gross energy realization rates do not include the HVAC interactive effects. 
ii No tracking energy savings were claimed for this site. 

 
Table 20 shows the range of site and measure gross energy realizations rates for each building 
type category. The minimum and maximum site kWh realization rates describe the range of site 
results within each building type category. The minimum and maximum measure kWh 
realization rates describe the range of measure-level results within each building type category. 
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Table 20. Building Type Gross Energy Realization Rates by Site and Measurei 

Building Type # Sites 

Site kWh RR 

# Measures 

Measure kWh RR 

Minimum  Maximum Minimum  Maximum 
Grocery 3 -17% 243% 6 -33% 343% 
Health 3 4% 197% 17 -23% 484% 
Industrial 7 -66% 486% 9 -66% 486% 
Multi-family 3 -81% 108% 10 -172% 243% 
Office 17 -127% 1173% 61 -620% 1187% 
Other 4 4% 48% 19 -58% 200% 
Restaurant 5 -58% 488% 10 -79% 488% 
Retail 10 -36% 163% 18 -477% 163% 
School 2 -17% 28% 10 -45% 146% 
Warehouse 4 -3% 577% 10 -11% 577% 
ALL 58 -127% 1173% 170 -620% 1187% 
i Gross energy realization rates do not include the HVAC interactive effects. 

 
These data indicate the wide variability of results within each building type category. The site 
results for all but two building types (Health and Other) include both negative and positive 
values. At the measure level, all building types include measures with negative and positive 
realization rates. For both measure and site results, office buildings show the widest range of 
realization rates. At the site level, the two evaluated schools show both the smallest values and 
the narrowest range, with energy realization rates of -17% and 28%. 

Impact Factors - Statewide 
The following sections describe the statewide SBDI program impact factors that were calculated 
in the pre/post study. The pre/post lighting controls program impact factors were derived from 
on-site verification of the lighting control measure installations and lighting TOU data collected 
for a period before (pre) and after (post) the lighting controls installations. Statewide results are 
provided for two combinations of PAs: the first includes the evaluation results of all five electric 
PAs—Cape Light Compact, National Grid, NSTAR, Unitil/Fitchburg, and WMECO—and the 
second includes all electric PAs except WMECO. The statewide value excluding WMECO was 
calculated because WMECO used a different approach than the other PAs for estimating hours 
reduced in the calculated of energy impacts. 

Table 21 shows the statewide impact factors and includes descriptions for each factor for the 
statewide program including all electric PAs. The impact formulas that describe how these 
factors should be used to calculate adjusted gross impacts are provided in Appendix C. 
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Table 21. Program Impact Factors, Statewide (All Electric PAs) 

Factor Description 
Statewide  
(all PAs) i 

Relative 
Precision 

Confidence 
Level 

Electric Energy Impacts 
kWh RR Gross energy realization rate 43% 55% 90% 
HVACELEC  HVAC interaction factor, electric cooling and heating  99% 5% 90% 
Total combined energy realization rate (kWh RR x HVACELEC) 42% iv 56% 90% 
%kWh On-Peak  Percent energy savings on-peak  65% 20% 90% 
Electric Demand Impacts 
kW RR  Connected kW realization rate  92% v 6% 80% 
CFSP  Coincidence factor, summer peak ii 17% 52% 80% 
CFWP  Coincidence factor, winter peak ii 13% 48% 80% 
HVACSP  HVAC demand interaction factor, summer peak ii  107% 5% 80% 
HVACWP  HVAC demand interaction factor, winter peak ii 96% 4% 80% 
Total combined summer kW realization rate (kW RR x CFSP x HVACSP) 17% 49% 80% 
Total combined winter kW realization rate (kW RR x CFWP x HVACWP) 11% 51% 80% 
Non-Electric Impacts 
HVACGAS HVAC interaction factor, gas heat (MMBtu/kWh) ii -0.000743 45% 90% 
HVACOIL HVAC interaction factor, oil heat (MMBtu/kWh) ii -0.000132 102% 90% 
i Statewide (all PAs) value includes the population and evaluated projects for all five electric PAs: Cape Light Compact, National 
Grid, NSTAR, Unitil/Fitchburg, and WMECO. 
ii Lighting and HVAC coincidence factors are based on the ISO-NE summer and winter on-peak capacity periods. 
iii HVAC gas and oil heating impacts are negative values because the reduction in lighting operation also reduces waste heat 
generated in the space and results in an increase in the space heating load. 
iv The total combined energy realization rate is the product of the gross energy realization rate and the electric HVAC interaction 
factor (42.78% x 99.14% = 42.42%). 
v The connected kW adjustment is due to differences between the verified and tracked connected lighting fixture counts and 
wattages. A previous lighting controls impact evaluation found a connected kW RR value of 93.6% for the National Grid SBDI 
program.19  
 
Based on pre/post logging of 170 measure installations at 58 sites across Massachusetts, we 
estimated the average realization rate for lighting control installations to be 43%. At the 90% 
confidence level, this realization rate has a relative precision of 55%, indicating large variability 
in the measure- and site-level impacts.  

Poor relative precision values are also observed for the statewide %kWh On-Peak value of 65% 
and for the summer and winter coincidence factors of 17% and 13%, respectively. These large 
precision ranges reinforce the observations  that the operational impact— annual run-time and 
peak demand impacts—of lighting controls installations varies widely among and within space 
types. Because the operational impact depends largely on occupant baseline behavior, the energy 
and demand impacts of lighting controls are difficult to predict without considering the space 
type and behavior of occupants within that specific space. 

                                                 

19 National Grid Lighting Controls Impact Evaluation, Final Report: 2005 Energy Initiative, Design 2000plus and 
Small Business Services Programs. RLW Analytics. June 2007. 
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Evaluation Adjustments 
Table 22 and Table 23 show the evaluation adjustments to the program tracked energy and 
connected demand reductions. These adjustments are used to calculate the evaluated gross 
energy realization rate, connected demand realization rate, and summer and winter peak 
coincidence factors as described below each table.  

Table 22. Evaluation Adjustments – Annual kWh Savings 

Evaluation Adjustment Statewide (all PAs) i 
Documentation, Technology, and Quantity Adjustment ii 7.68% 
Operation Adjustment -64.90% 
Cooling (HVAC Interaction) Adjustment 2.30% 
Heating (HVAC Interaction) Adjustment -2.66% 

Total Electric Energy Adjustment iii -57.58% 
i Statewide (all PAs) value includes the population and evaluated projects for all five electric PAs: Cape Light Compact, National 
Grid, NSTAR, Unitil/Fitchburg, and WMECO. 
ii These adjustments are combined because the input parameters for the kW and kWh savings calculations are not consistently 
available across all PAs resulting in inability to isolate the statewide program impact of each adjustment. 
ii The total electric energy adjustment is the sum of all energy adjustments.  
 
The total electric energy adjustment represents the sum of all adjustments to the tracked annual 
energy savings. This value is used to calculate the gross energy realization rate as follows:  

𝑘𝑊ℎ 𝑅𝑅 = 100% + 𝑇𝑜𝑡𝑎𝑙 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝐸𝑛𝑒𝑟𝑔𝑦 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 

42.42% = 100% + (−57.58%) 

Table 23. Evaluation Adjustments – Peak Demand Savings 

Evaluation Adjustment Statewide (all PAs) i 
Documentation, Technology, and Quantity Adjustment ii -8.10% 
Total Connected kW Adjustment iii -8.10% 
Coincidence Adjustment, Summer Peak -83.03% 
Coincidence Adjustment, Winter Peak -87.20% 
Cooling (HVAC Interaction) Adjustment, Summer Peak 1.21% 
Heating (HVAC Interaction) Adjustment, Winter Peak -0.56% 
i Statewide (all PAs) value includes the population and evaluated projects for all five electric PAs: Cape Light Compact, National 
Grid, NSTAR, Unitil/Fitchburg, and WMECO. 
ii These adjustments are combined because the input parameters for the kW and kWh savings calculations are not consistently 
available across all PAs resulting in inability to isolate the statewide program impact of each adjustment. 
iii The total connected kW adjustment is the sum of the documentation, technology and quantity adjustments.   
 
The total connected kW adjustment represents the sum of the documentation, technology and 
quantity adjustments. This value is used to calculate the connected kW realization rate as 
follows:  

𝑘𝑊 𝑅𝑅 = 100% + 𝑇𝑜𝑡𝑎𝑙 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡 

91.90% = 100% + (−8.10%) 

Similarly, the summer and winter peak coincidence adjustments are used to calculate the summer 
and winter peak coincidence factors: 
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𝐶𝐹𝑆𝑃 = 100% + 𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡, 𝑆𝑢𝑚𝑚𝑒𝑟 𝑃𝑒𝑎𝑘 

16.97% = 100% + (−83.03%) 

𝐶𝐹𝑊𝑃 = 100% + 𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑐𝑒 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡,𝑊𝑖𝑛𝑡𝑒𝑟 𝑃𝑒𝑎𝑘 

12.80% = 100% + (−87.20%) 

The summer and winter peak coincidence and HVAC interaction adjustments are combined to 
calculate the overall HVAC demand interaction factors: 

𝐻𝑉𝐴𝐶𝑆𝑃 =
𝐶𝐹𝑆𝑃 + 𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝐻𝑉𝐴𝐶 𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡, 𝑆𝑢𝑚𝑚𝑒𝑟 𝑃𝑒𝑎𝑘

𝐶𝐹𝑆𝑃
 

107% =
16.97% + 1.21%

16.97%
 

𝐻𝑉𝐴𝐶𝑊𝑃 =
𝐶𝐹𝑊𝑃 + 𝐶𝑜𝑜𝑙𝑖𝑛𝑔 𝐻𝑉𝐴𝐶 𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛 𝐴𝑑𝑗𝑢𝑠𝑡𝑚𝑒𝑛𝑡,𝑊𝑖𝑛𝑡𝑒𝑟 𝑃𝑒𝑎𝑘

𝐶𝐹𝑊𝑃
 

96% =
12.80% + (−0.56%)

12.80%
 

Inclusion of WMECO in the Statewide Population 
The PAs considered a statewide realization rate with the seven WMECO sites excluded from the 
population since WMECO uses a consistent approach for estimating hours reduced that is 
different from the other PAs. Where the other PAs rely on their program vendor to provide 
estimated of hours reduced (either directly or as the difference of estimates of before and after 
hours), WMECO estimates hours reduced for all measures as 30% of the vendor estimates of 
pre-installation hours. With the seven WMECO sites excluded from the statewide totals, the 
combined energy realization rate (including lighting and HVAC interaction impacts) increased 
from 42% to 44% with no improvement in the relative precision. The combined summer and 
winter kW realization rates were not impacted by removing WMECO from the population. These 
results are shown in Table 22. 

Due to the similar statewide results with and without the WMECO sites, the indistinct line 
between WMECO and the other PAs’ estimates of hours reduced, and the stronger impact of the 
metered pre/post data on the savings results compared to tracking estimates, the PAs agreed that 
it was appropriate to include the WMECO sites in the calculation of statewide savings impacts. 
Although WMECO’s method for assuming hours reduced is consistent and is clearly different 
from some other PAs’ projects, the other PAs do not have a consistent method for assuming 
hours reduced and, rather, rely on their vendors’ estimates. Because the vendors’ estimated were 
often tracked as a single value (hours reduced), it was impossible to determine how those values 
were developed for comparison with WMECO’s method. 

Impact Factors by PA 
Table 22 shows the impact factors for each PA. Due to the large precision ranges resulting from 
the logged pre/post TOU data, the reader should be cautious in drawing conclusions by 
comparing the results by PA. Impact factors that depend on the lighting TOU data—kWh RR, 
CFSP and CFWP—have poor precision values and vary widely among sites within each PA’s 
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sample of evaluated sites. Differences in impact factors among PAs are due to the observed 
irregularity of the impacts of lighting control impacts and are not indicators of the relative 
performance of each PA’s program. 

Table 24. Program Impact Factors by PA20 

Factor 

Statewide 
(all electric 

PAs) 

Statewide  
(excluding 
WMECO) CLC 

National 
Grid NSTAR Unitil WMECO 

Number of sites 58 51 5 19 25 2 7 
kWh RR 43% 44% 64% 45% 33% 122% 20% 
HVACELEC  99%i 99%i 107% 99% 103% 83% 111% 
%kWh On-Peak  65% 64% 46% 70% 52% 72% 100% 
kW RR  92% 91% 249% 95% 88% 49% 102% 
CFSP  17% 17% -3% 22% 6% 80% 11% 
CFWP  13% 13% 5% 13% 12% 38% 6% 
HVACSP  107% 107% 120% 104% 116% 120% 109% 
HVACWP  96% 95% 100% 98% 95% 76% 100% 
HVACGAS i -0.000743 -0.000741 0.000019 -0.000956 -0.000587 -0.000072 -0.001232 
HVACOIL ii -0.000132 -0.000142 -0.001248 -0.000078 -0.000186 -0.000048 0.000335 
i The HVAC electric interaction factor less than 100% indicates the influences of electrically-cooled sites that experienced an 
increase in lighting operation with controls installed and/or electrically-heated sites that experienced that experienced a decrease 
in lighting operation. Although most PAs individually show an HVACELEC factor close to 100%, one Unitil site keeps the statewide 
value below 100%. 
ii Values are in units of MMBtu/kWh, where the kWh is the adjusted gross energy savings. HVAC gas and oil heating impacts are 
typically negative values because the reduction in lighting operation also reduces waste heat generated in the space and results 
in an increase in the space heating load. Positive heating impacts indicate heated sites for which the lighting energy increased 
after installation of the lighting controls. 
 
Five CLC projects were evaluated, the largest of which showed an increase in lighting usage 
with controls. The increase in energy consumption for this site caused a negative summer 
coincidence factor (increased lighting demand during the summer peak period) and positive gas 
heating energy savings. An increase in the connected kW for the largest site resulted in a large 
connected kW realization rate. 

Nineteen National Grid sites were evaluated and site energy realization rates ranged from -36% 
to 1,173%. Five sites showed an overall increase in energy use for controlled fixtures. The 
electric HVAC energy impact is less than 100% due to these sites with increased usage and the 
presence of one electrically heated site. 

Twenty-five NSTAR sites were evaluated and site energy realization rates ranged from -91% to 
488%. Five sites showed an overall increase in energy use for controlled fixtures. The electric 
HVAC energy and summer demand interaction factors are greater than 100% because all but two 

                                                 

20 The PA-specific realization rates presented in Table 22 are calculated using the same stratum weighting factors as 
were used for the statewide realization rates; they do not use weighting specific to the individual PA programs. 
These values are presented to show the impact of the evaluated lighting controls projects for each PA on the 
statewide evaluation and should not be used to characterize the individual PA program. 
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sites are electrically cooled; the HVAC winter demand interaction factor is less than 100% due to 
three sites that are electrically heated. 

Two Unitil sites were evaluated with site energy realization rates of 119% and 163%. A decrease 
in the connected kW for both results—causing the low connected kW realization rate—was 
offset by higher reductions in operating hours than predicted by the project contractor. The 
electric HVAC energy and winter demand interaction factors are less than 100% because the 
larger of the two sites is electrically heated. 

Seven WMECO sites were evaluated and site energy realization rates ranged from -127% to 
288%. Two sites showed an overall increase in energy use for controlled fixtures. The electric 
HVAC energy and summer demand interaction factors are greater than 100% because all but one 
site are electrically cooled and none of the evaluated sites used electricity for heating. The oil 
heating energy impact is positive because the two sites with increased lighting hours use oil for 
heating. 

Realization Rates and Precision 
Participants in nonresidential energy-efficiency programs typically have energy consumption 
levels—and energy savings levels—that vary by orders of magnitude from one customer to the 
next. This presents a challenge to estimating total energy savings through sampling. Simple 
mean-based estimation is not efficient in this setting since the size variability would result in 
very high coefficients of variation, which would result in poor precision relative to research 
expenditures. 

The solution is to use ex ante savings values as auxiliary data in the evaluation and to calculate a 
realization rate that compares reported (ex ante) savings to evaluated (ex post) savings. In this 
approach, the relative sizes of the customers—and of their expected savings values in 
particular—are considered known to the evaluator, so they do not contribute to uncertainty in the 
estimate. The realization rate is simply the ratio:21 

�̂� =
∑𝑦𝑖
∑ 𝑥𝑖

  

Here, 𝑦𝑖 refers to the verified savings of site 𝑖, 𝑥𝑖 refers the reported savings, and the summations 
are applied over all sites sampled for measurement and verification (M&V).  

The standard error of this ratio is estimated as:22 

SE�(�̂�) =
1
√𝑛

��
(𝑦𝑖 − �̂� ∙ 𝑥𝑖)2

�̅�2 ∙ (𝑛 − 1)  

                                                 

21 The Cadmus team used a stratified ratio estimator to calculate realization rates for this study. Expressions for the 
stratified ratio estimator and its standard error are more complicated than those of the ordinary ratio estimator. 
We use expressions for the ordinary ratio estimator in this section to avoid unnecessary complications that may 
obscure our central point.  

22 We omit finite population corrections in this section to streamline the discussion.  
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Here, �̅� is the sample mean of the reported savings values, and 𝑛 is the sample size.  

In the standard error expression, variability in the data is quantified by the squares of the 
deviations between ex post values and adjusted ex ante values (written as 𝑦𝑖 − �̂� ∙ 𝑥𝑖  in the 
formula). In general, higher correlation between ex ante and ex post values will lead to smaller 
deviations and better precision.  

In this study, we found poor correlation between ex ante and ex post kWh savings values, and 
this is reflected in several of our precision estimates. The origins of these ex ante and ex post 
values provides two reasons the deviations vary randomly (i.e., with no systematic pattern) from 
one site to the next. These are: 

• The ex ante values are based on contractor’s estimates of hours of use. The precise 
method of estimating ex ante hours of use may vary from one contractor to the next, and 
there is no mechanism whereby the (logger-based) ex post values would reflect these 
varying methods. 

• The ex post values are based on pre/post logging info. This rigorous approach provides a 
high degree of objectivity—it directly measures the actual change in hours of use (the 
delta) between the pre- and post-installation periods for each sampled site. These deltas 
vary greatly from one site to the next and among applications within each site. Our data 
show wide variation among verified hours of use times, both in absolute terms and 
relative to ex ante hours of use values. A surprising number of circuits showed negligible 
or even negative reductions in hours of use, even in applications where contractors had 
recorded large savings.  

In contrast, consider the case where an evaluation uses post-only time-of-use logging, and 
each measure’s verified savings value is obtained from a postulated baseline. This 
approach ensures positive and reasonable savings for each measure. The measure-level 
values obtained through engineering judgment or TRM-specified methods do not account 
for all site-level idiosyncrasies or human factors. As a result, ex post values based on 
post-only metering with inferred baselines tend to be well-correlated with contractor 
estimates.  

Sample-based studies typically summarize variation in the data in terms of a coefficient of 
variation (for simple mean-based estimators) or an error ratio (for ratio-based estimators). In 
many circumstances—generally, when there is reason to expect strong correlation between ex 
ante and ex post data—an error ratio of 0.5 may be used for planning purposes. (Lower error 
ratios indicate low variability in the data, which results in smaller sample size requirements to 
obtain a given precision level.) For this study, we obtained an error ratio of 2.01 in estimating 
total ex post kWh with reported kWh as ex ante data.  
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CONCLUSIONS AND RECOMMENDATIONS 

Cadmus offers the following conclusions and recommendations: 

• The energy and peak demand impacts of lighting controls are highly variable and 
increase usage in certain applications. Post-installation metering showed that the installed 
lighting controls operate as expected; however, the pre-installation metering showed that 
for many installations the lights were already well-controlled by the occupants or used 
less frequently than expected, thereby diminishing the potential impact for lighting 
controls. 

• The statewide energy realization rate was 43% based on pre/post metering of lighting 
controls installations at 58 sites across Massachusetts, indicating an overestimate of 
lighting control energy savings by the PAs’ SBDI programs. However, the relative 
precision value was 55% and site-level realization rates range from -127% to 1,173% 
indicating the high variability of measure impacts.  

• The energy impact of lighting control installations depends on user behavior in addition 
to space type. The space type indicates savings potential based on the expected 
occupancy schedule of the space—for example, an infrequently entered conference room 
may have more savings potential than a constantly occupied open office area—but the 
energy impact is determined by the baseline occupant behavior in controlling lights 
manually before the controls were installed. There is no savings potential in any space 
types where the occupants consistently perform manual control of the lighting circuits. 

• Although TOU impacts varied even within space type groups, some space types showed 
higher and more consistent energy savings than others. Active storage, 
corridor/transition, and restrooms regularly showed high reductions in operating hours 
with installed lighting controls. Classrooms, conference rooms, dining areas, and 
enclosed offices showed irregular impacts and, on average, only modest reductions in 
annual operating hours. 

• The primary reason for the variation in savings is variation in space use and behavior of 
building occupants. To maximize savings in the future, we recommend the following for 
program implementers: 

o The PAs and program contractors should consider space types and occupancy 
patterns to identify appropriate locations for occupancy sensors and maximize 
savings. For example, frequently entered storage areas are a good candidate. 
Classrooms tend to be a poor candidate unless lights are left on during unoccupied 
hours.  

O The PAs should work with the contractors to set short delays on sensors. To avoid 
unwanted shutoffs when occupants are still in the space—one reason why long 
delays may be set—dual-technology sensors should be selected. Dual-technology 
sensors use a combination of sensor technologies such as motion, infrared, 
ultrasonic, and microwave, to detect occupancy in a space, rather than relying 
only on motion. 
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o The PAs should explore using portable occupancy/light sensors to predict savings 
with short-term monitoring. Occupancy/light sensors simultaneously record light 
and occupancy and can be used to assess user behavior in each space type. These 
sensors will track how frequently the lights are on when the space is unoccupied 
(demonstrating need for lighting controls) and, similarly, how frequently the 
lights are off when the space is unoccupied (demonstrating a potential negative 
impact for lighting controls). Vendors could deploy these loggers at the time of 
the audit and download the data when they arrive to install the fixtures. If the base 
usage warrants the installation of an occupancy sensor, the installation vendor can 
do ahead with the installation. 

o The PAs should encourage the installation of vacancy controls that require 
manual switch operation to turn lights ON, but use occupancy detection to turn 
lights OFF after a pre-determined delay period. Several measures in this study 
experienced increases in lighting operation after the installation of controls, likely 
due to automatic switching of the lights ON when the space occupancy would not 
have used lighting in the pre-retrofit condition (for example, when natural day 
lighting is sufficient). In these scenarios, vacancy controls would mimic pre-
retrofit user behavior and not result in unwanted lighting operation. 

• The results of this study show that understanding the baseline, or un-controlled, lighting 
operating profile of a space is critical to estimating the impact of lighting controls. This 
pre/post metering showed that the baseline operation varies both within the same space 
types and within the same facility and is, therefore, difficult to predict without direct 
measurement before the installation of lighting controls.  

o As such, we recommend that future impact evaluations of lighting controls 
continue to measure the pre-retrofit or un-controlled operating profiles of lighting 
systems for an accurate assessment of the energy and demand impacts of lighting 
controls for the small commercial sector. To mitigate the challenges encountered 
in this study, future evaluator should consider the challenges and 
recommendations outlined in the following section.  

Study Challenges 
Due to the relevance of the baseline lighting profile to the impact of lighting control installations, 
we recommend that future impact evaluations of lighting controls continue to measure the pre-
retrofit or un-controlled operating profiles of lighting systems. However, the PAs and future 
evaluators should be aware of the challenges of performing a pre/post impact evaluation and 
consider methods to mitigate these in future evaluation efforts. 

This pre/post impact evaluation was the first impact evaluation conducted for the MA SBDI 
programs with pre-installation monitoring and encountered the following challenges:  

• Customer and project recruitment. Traditional post-program year impact evaluations 
select an evaluation sample based on a defined population, and selected participants are 
notified of their role in the evaluation process. While selected customers may decline to 
participate in the evaluation, most are cooperative. Without a defined population of 
customers from which to select an evaluation sample, this pre/post study relied on the 
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voluntary cooperation of program vendors and customers for their participation in the 
study. Recruiting and maintaining customer sites was a challenging process—leads were 
provided after the measures were installed (i.e., too late for pre-installation metering), 
never participated in the program, or declined to participate in the evaluation; or projects 
were cancelled or implemented too quickly—requiring significant evaluation resources.  

o The PAs should integrate evaluation efforts in the implementation process, 
providing a structure and incentives for program vendors to cooperate in the 
evaluation process. One option is to provide quotas for implementation 
contractors based on their historical percentage of program sales to provide leads 
early in the program year, or to contract with the participating customers directly 
to install pre-installation monitoring equipment. The selection of a more 
aggressive site recruitment strategy must be balanced with the impact on customer 
or behavior bias in the evaluation sample. 

• Measure selection. Once a site was recruited, measures were selected for monitoring 
based on a list of planned measures that were provided by the project contractor. In many 
cases, the measures selected for pre/post logging were never installed, while other 
originally unplanned measures were installed. This resulted in a set of measures that were 
logged pre but for which no post data were available (since no measures were installed), 
and additional implemented measures for which we could no longer perform pre 
measurements because the measure was already installed. In other cases, we found that 
the final list of measures tracked in the PAs’ reporting database included a different and 
often longer list of measures for the site than was initially planned. This resulted in the 
set of evaluated measures inadequately representing the claimed lighting control 
measures and energy savings for that site.  

o To mitigate the risk of lost data, future evaluators should oversample measures for 
pre/post logging and deploy multiple loggers for each potential space-type that 
may be targeted for a lighting control installation.  

• Pre-installation data collection. The SBDI program relies on a vendor-driven 
implementation process for which the contractors are motivated to recruit and complete 
projects as quickly as possible. The need to coordinate with multiple parties (project 
vendors, electrical contractors, and customers) and the lack of incentive for those parties 
to collaborate in the evaluation process made it difficult to secure sufficient pre-
installation monitoring periods. 

o For space types with irregular usage patterns, short monitoring periods may not 
represent typical operation and may limit the fair comparison of pre and post 
lighting profiles. Evaluators should consider strategies to achieve longer 
monitoring periods and to collect data, such as logged occupancy, to assess the 
comparability of pre and post monitored periods. 
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APPENDIX A. SITE RESULTS 

Tables A-1, A-2, and A-3 present the site-level adjustments to gross annual energy savings, gross 
connected demand, and gross summer and winter peak demand savings, respectively, for lighting 
control measures at the 58 evaluated sites included in this lighting controls study.  

Table A-1 presents tracked energy savings, along with the documentation, technology and 
quantity, operation, and HVAC interactive adjustments to arrive at adjusted gross (evaluated) 
kWh savings. Non-electric impacts on each site’s gas and oil heating systems are also included. 

Table A-2 presents tracked connected demand for the lighting control measures and adjustments 
to the connected demand based on field verification of the quantity, type, and wattage of the 
connected fixtures. The site connected kW realization rate indicates how the verified connected 
lighting demand compares to the tracked connected demand. 

Table A-3 presents evaluation adjustments related to the summer and winter peak periods, 
including lighting coincidence and coincident cooling and heating system interaction for both 
peak periods.
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Table A-1. Adjustments to Gross Annual Energy Savings, by Site (Lighting Controls Only) 

Site 
ID PA 

Building 
Type Stratai 

Tracking 
kWh 

Documentation, 
Technology and 

Quantity 
Adjustment 

Operation 
Adjustment 

Gross Site 
kWh RR 

(w/o 
HVAC) 

Electric 
Cooling 

Adjustment 

Electric 
Heating 

Adjustment 

Evaluated 
kWh 

(w/HVAC) 

Site kWh 
RR 

(w/HVAC) 
Gas Heat 
(MMBtu) 

Oil Heat 
(MMBtu) 

1 CLC Other 4 683 -226 -430 4% 3 0 30 4% -0.034 0.000 
2 CLC Retail 4 308 29 -265 23% 9 0 81 26% -0.088 0.000 
3 CLC Restaurant 4 1,031 2,234 -3,865 -58% -54 0 -655 -64% 0.738 0.000 
4 CLC Restaurant 4 254 1,923 -1,702 187% 43 0 518 204% -0.584 0.000 
5 CLC Warehouse 4 291 468 919 577% 123 0 1,801 619% 0.000 -2.062 
6 National Grid Office 2 8,724 0 -9,393 -8% -74 0 -743 -9% 0.823 0.000 
7 National Grid School 1 36,979 36 -43,276 -17% -532 0 -6,794 -18% 3.847 3.847 
8 National Grid School 1 49,730 0 -35,750 28% 0 0 13,979 28% -8.588 -8.588 
9 National Grid Restaurant 4 693 25 -538 26% 16 0 196 28% -0.221 0.000 

10 National Grid Retail 4 1,085 0 -1,473 -36% -50 0 -438 -40% 0.477 0.000 
11 National Grid Retail 1 30,895 -12,352 -19,806 -4% -164 0 -1,428 -5% 1.552 0.000 
12 National Grid Retail 3 3,381 -102 -3,262 1% 2 0 20 1% 0.000 0.000 
13 National Grid Industrial 4 39 9 112 410% 15 0 175 445% 0.000 0.000 
14 National Grid Office 3 4,102 274 1,453 142% 641 -1,574 4,897 119% 0.000 0.000 
15 National Grid Warehouse 4 1,714 0 -1,759 -3% -3 0 -48 -3% 0.055 0.000 
16 National Grid Warehouse 4 272 0 -41 85% 17 0 248 91% 0.000 -0.284 
17 National Grid Industrial 4 140 -70 609 485% 0 0 679 486% -0.834 0.000 
18 National Grid Health 4 1,181 0 -1,140 3% 4 0 45 4% 0.000 -0.051 
19 National Grid Office 4 432 0 -206 52% 25 0 252 58% -0.279 0.000 
20 National Grid Industrial 4 44 0 64 245% 0 0 108 244% 0.000 0.000 
21 National Grid Office 3 4,756 -308 -3,070 29% 152 0 1,531 32% -1.694 0.000 
22 National Grid Industrial 4 1,467 0 -550 63% 83 0 1,000 68% 0.000 -1.127 
23 National Grid Industrial 2 12,655 0 3,684 129% 0 0 16,338 129% -20.075 0.000 
24 National Grid Office 4 421 -31 4,547 1173% 543 0 5,480 1302% -6.066 0.000 
25 NSTAR Other 4 40 -32 6 35% 1 0 16 39% -0.018 0.000 
26 NSTAR Retail 4 135 -90 -46 -1% 0 0 -1 -1% 0.001 0.001 
27 NSTAR Office 4 1,511 -55 -1,254 13% 22 0 225 15% -0.249 0.000 
28 NSTAR Restaurant 4 94 0 -39 59% 5 -15 45 48% 0.000 0.000 
29 NSTAR Health 3 2,933 -515 3,620 206% 586 0 6,624 226% -3.710 -3.710 
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Site 
ID PA 

Building 
Type Stratai 

Tracking 
kWh 

Documentation, 
Technology and 

Quantity 
Adjustment 

Operation 
Adjustment 

Gross Site 
kWh RR 

(w/o 
HVAC) 

Electric 
Cooling 

Adjustment 

Electric 
Heating 

Adjustment 

Evaluated 
kWh 

(w/HVAC) 

Site kWh 
RR 

(w/HVAC) 
Gas Heat 
(MMBtu) 

Oil Heat 
(MMBtu) 

30 NSTAR Health 4 879 -252 354 112% 95 0 1,077 123% -1.206 0.000 
31 NSTAR Office 4 1,162 -275 -161 62% 80 0 807 69% -0.893 0.000 
32 NSTAR Office 3 2,325 -528 -4,251 -106% -270 0 -2,724 -117% 3.015 0.000 
33 NSTAR Grocery 4 1,092 -146 -1,133 -17% -27 0 -214 -20% 0.230 0.000 
34 NSTAR Grocery 4 537 -200 1,103 268% 209 0 1,649 307% -1.769 0.000 
35 NSTAR Other 1 25,786 -6,557 -5,540 53% 0 -3,696 9,993 39% 0.000 0.000 
36 NSTAR Multi-family 3 2,053 -470 655 109% 217 0 2,454 120% -2.749 0.000 
37 NSTAR Office 4 1,815 21 -1,261 32% 63 0 638 35% 0.000 0.000 
38 NSTAR Multi-family 3 2,538 1,685 -6,275 -81% -199 0 -2,250 -89% 2.521 0.000 
39 NSTAR Industrial 4 1,147 -790 314 59% 61 0 731 64% -0.823 0.000 
40 NSTAR Industrial 4 183 23 -326 -66% -11 0 -131 -71% 0.147 0.000 
41 NSTAR Retail 4 31 -27 32 116% 5 -10 31 100% 0.000 0.000 

42 NSTAR Office 2 16,845 4,346 -19,314 11% 206 0 2,083 12% 0.000 0.000 
43 NSTAR Restaurant 4 27 0 105 489% 12 0 144 532% -0.162 0.000 
44 NSTAR Office 4 1,029 -267 2,042 272% 308 0 3,112 302% -3.445 0.000 
45 NSTAR Grocery 4 885 -357 35 64% 82 0 644 73% -0.691 0.000 
46 NSTAR Other 3 2,883 -241 -2,526 4% 11 0 127 4% -0.142 0.000 
47 NSTAR Office 4 74 -56 102 162% 13 0 134 181% -0.149 0.000 
48 NSTAR Multi-family 4 175 -53 -135 -7% -1 0 -14 -8% 0.015 0.000 
49 NSTAR Office 3 2,745 -520 -2,148 3% 9 0 86 3% -0.095 0.000 
50 Unitil Warehouse 3 4,940 -2,288 4,302 141% 508 -1,878 5,584 113% 0.000 0.000 
51 Unitil Retail 4 349 -97 316 163% 74 0 642 184% -0.419 -0.279 
52 WMECO Retail 4 252 0 -155 38% 13 0 110 44% 0.000 0.000 
53 WMECO Retail 4 985 109 -216 89% 114 0 993 101% -1.080 0.000 
54 WMECO Office 4 380 0 -551 -45% -19 0 -190 -50% 0.000 0.210 
55 WMECO Office 4 516 0 -404 22% 12 0 125 24% 0.000 -0.138 
56 WMECO Office 4 118 0 222 288% 37 0 377 320% 0.000 -0.417 
57 WMECO Office 4 408 0 -927 -127% -57 0 -577 -141% 0.000 0.638 
58 WMECO Retail 4 1,747 0 -1,607 8% 0 0 140 8% 0.000 0.000 
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Table A-2. Adjustments to Gross Connected Demand Savings, by Site (Lighting Controls Only) 
Site ID PA Building Type Stratai Tracking kW Documentation, Technology and Quantity Adjustment Evaluated Connected kW Connected kW RR 
1 CLC Other 4 0.220 -0.073 0.147 67% 
2 CLC Retail 4 0.064 0.006 0.070 109% 
3 CLC Restaurant 4 0.331 0.718 1.049 317% 
4 CLC Restaurant 4 0.042 0.318 0.360 857% 
5 CLC Warehouse 4 0.094 0.151 0.244 261% 
6 National Grid Office 2 6.990 0.000 6.990 100% 
7 National Grid School 1 21.933 0.040 21.973 100% 
8 National Grid School 1 28.762 0.000 28.762 100% 
9 National Grid Restaurant 4 0.429 0.085 0.514 120% 
10 National Grid Retail 4 0.978 0.000 0.978 100% 
11 National Grid Retail 1 22.851 -9.136 13.715 60% 
12 National Grid Retail 3 1.530 -0.046 1.484 97% 
13 National Grid Industrial 4 0.084 0.020 0.104 124% 
14 National Grid Office 3 0.822 0.055 0.877 107% 
15 National Grid Warehouse 4 1.920 0.000 1.920 100% 
16 National Grid Warehouse 4 0.294 0.000 0.294 100% 
17 National Grid Industrial 4 0.168 -0.084 0.084 50% 
18 National Grid Health 4 0.504 0.000 0.504 100% 
19 National Grid Office 4 0.504 0.000 0.504 100% 
20 National Grid Industrial 4 0.022 0.000 0.022 100% 
21 National Grid Office 3 4.573 -0.579 3.994 87% 
22 National Grid Industrial 4 1.411 0.000 1.411 100% 
23 National Grid Industrial 2 9.360 0.220 9.580 102% 
24 National Grid Office 4 0.842 -0.062 0.780 93% 
25 NSTAR Other 4 0.080 -0.064 0.016 20% 
26 NSTAR Retail 4 0.090 -0.060 0.030 33% 
27 NSTAR Office 4 1.095 -0.042 1.053 96% 
28 NSTAR Restaurant 4 0.030 0.000 0.030 100% 
29 NSTAR Health 3 3.898 -1.083 2.815 72% 
30 NSTAR Health 4 0.604 0.005 0.609 101% 
31 NSTAR Office 4 1.400 -0.222 1.178 84% 
32 NSTAR Office 3 4.352 -0.650 3.702 85% 
33 NSTAR Grocery 4 0.600 -0.080 0.520 87% 
34 NSTAR Grocery 4 0.710 -0.304 0.406 57% 
35 NSTAR Other 1 14.508 -3.231 11.277 78% 
36 NSTAR Multi-family 3 1.210 -0.304 0.906 75% 
37 NSTAR Office 4 1.865 0.020 1.885 101% 
38 NSTAR Multi-family 3 1.690 1.080 2.770 164% 
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Site ID PA Building Type Stratai Tracking kW Documentation, Technology and Quantity Adjustment Evaluated Connected kW Connected kW RR 

39 NSTAR Industrial 4 1.342 -0.901 0.441 33% 
40 NSTAR Industrial 4 0.474 0.060 0.534 113% 
41 NSTAR Retail 4 0.120 -0.105 0.015 13% 
42 NSTAR Office 2 4.767 1.064 5.831 122% 
43 NSTAR Restaurant 4 0.060 0.000 0.060 100% 
44 NSTAR Office 4 2.534 -0.695 1.839 73% 
45 NSTAR Grocery 4 0.528 -0.213 0.315 60% 
46 NSTAR Other 3 2.632 -0.219 2.413 92% 
47 NSTAR Office 4 0.120 -0.090 0.030 25% 
48 NSTAR Multi-family 4 0.120 -0.036 0.084 70% 
49 NSTAR Office 3 2.120 -0.938 1.182 56% 
50 Unitil Warehouse 3 4.656 -2.156 2.500 54% 
51 Unitil Retail 4 0.581 -0.161 0.420 72% 
52 WMECO Retail 4 0.224 0.000 0.224 100% 
53 WMECO Retail 4 1.026 0.114 1.140 111% 
54 WMECO Office 4 0.439 0.000 0.439 100% 
55 WMECO Office 4 0.735 0.000 0.735 100% 
56 WMECO Office 4 0.196 0.000 0.196 100% 
57 WMECO Office 4 0.637 0.000 0.637 100% 
58 WMECO Retail 4 2.912 0.000 2.912 100% 

 

Documentation Adjustment 
All evaluated projects have a connected demand documentation adjustment of zero. This indicates that where the parameters used to calculate 
connected demand (connected fixture quantity and connected fixture type or wattage) was available, those data were used correctly to 
calculate connected kW. However, in some cases, those parameters used to estimate connected kW were not available in the PAs’ tracking 
data, so the calculations of connected demand could not be verified and no documentation adjustment could be calculated. 

Technology and Quantity Adjustment 
The combined technology and quantity adjustment indicates how the verified connected demand (verified based on field inspection of 
installed fixtures) compares to the tracked connected demand. The data show that adjustments were made to at least one of each PA’s 
projects, indicating differences between the reported and actual connected fixture count and type for many lighting control measures. These 
differences are the drivers of the low connected kW realization rate for the statewide program.  
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Table A-3. Peak Coincidence and HVAC Interaction Adjustments for Demand Savings, by Site 
Site 
ID PA 

Building 
Type Stratai 

Evaluated 
Connected kW 

Summer Coincidence 
Adjustment 

Coincident Electric 
Cooling Adjustment 

Summer 
Peak kW 

Winter Coincidence 
Adjustment 

Coincident Electric 
Heating Adjustment 

Winter 
Peak kW 

1 CLC Other 4 0.147 -0.121 0.005 0.031 -0.113 0.000 0.034 
2 CLC Retail 4 0.070 -0.076 -0.001 -0.007 -0.074 0.000 -0.004 
3 CLC Restaurant 4 1.049 -1.387 -0.067 -0.405 -1.301 0.000 -0.252 
4 CLC Restaurant 4 0.360 -0.278 0.016 0.099 -0.234 0.000 0.126 
5 CLC Warehouse 4 0.244 -0.062 0.036 0.219 -0.053 0.000 0.191 
6 National Grid Office 2 6.990 -6.849 0.028 0.169 -7.571 0.000 -0.581 
7 National Grid School 1 21.973 -19.938 0.407 2.442 -20.664 0.000 1.309 
8 National Grid School 1 28.762 -22.871 0.000 5.891 -24.142 0.000 4.620 
9 National Grid Restaurant 4 0.514 -0.408 0.021 0.128 -0.515 0.000 -0.001 
10 National Grid Retail 4 0.978 -0.926 0.010 0.062 -1.299 0.000 -0.321 
11 National Grid Retail 1 13.715 -13.743 -0.006 -0.034 -12.300 0.000 1.415 
12 National Grid Retail 3 1.484 -1.295 0.038 0.227 -1.523 0.000 -0.039 
13 National Grid Industrial 4 0.104 -0.088 0.003 0.019 -0.108 0.000 -0.004 
14 National Grid Office 3 0.877 -0.486 0.078 0.469 -0.378 -0.135 0.365 
15 National Grid Warehouse 4 1.920 -2.025 -0.021 -0.126 -2.157 0.000 -0.237 
16 National Grid Warehouse 4 0.294 -0.201 0.019 0.112 -0.261 0.000 0.033 
17 National Grid Industrial 4 0.084 -0.022 0.000 0.062 0.000 0.000 0.084 
18 National Grid Health 4 0.504 -0.479 0.005 0.030 -0.467 0.000 0.037 
19 National Grid Office 4 0.504 -0.433 0.014 0.085 -0.473 0.000 0.031 
20 National Grid Industrial 4 0.022 -0.022 0.000 0.000 -0.008 0.000 0.014 
21 National Grid Office 3 3.994 -3.841 0.031 0.183 -4.066 0.000 -0.072 
22 National Grid Industrial 4 1.411 -1.129 0.056 0.338 -1.299 0.000 0.112 
23 National Grid Industrial 2 9.580 -3.430 0.000 6.150 -5.475 0.000 4.105 
24 National Grid Office 4 0.780 -0.652 0.026 0.153 -0.398 0.000 0.382 
25 NSTAR Other 4 0.016 -0.015 0.000 0.001 -0.009 0.000 0.007 
26 NSTAR Retail 4 0.030 -0.030 0.000 0.000 -0.030 0.000 0.000 
27 NSTAR Office 4 1.053 -0.921 0.026 0.158 -0.884 0.000 0.169 
28 NSTAR Restaurant 4 0.030 -0.017 0.003 0.016 -0.013 -0.005 0.012 
29 NSTAR Health 3 2.815 -2.282 0.107 0.640 -1.937 0.000 0.878 
30 NSTAR Health 4 0.609 -0.535 0.015 0.089 -0.530 0.000 0.079 
31 NSTAR Office 4 1.178 -1.043 0.027 0.162 -1.128 0.000 0.050 
32 NSTAR Office 3 3.702 -4.183 -0.096 -0.578 -3.464 0.000 0.238 
33 NSTAR Grocery 4 0.520 -0.568 -0.010 -0.058 -0.555 0.000 -0.035 
34 NSTAR Grocery 4 0.406 -0.221 0.037 0.221 -0.184 0.000 0.222 
35 NSTAR Other 1 11.277 -9.798 0.000 1.479 -8.784 -0.673 1.820 
36 NSTAR Multi-family 3 0.906 -0.718 0.038 0.225 -0.670 0.000 0.236 
37 NSTAR Office 4 1.885 -1.741 0.029 0.173 -1.853 0.000 0.032 
38 NSTAR Multi-family 3 2.770 -3.888 -0.224 -1.341 -2.954 0.000 -0.184 
39 NSTAR Industrial 4 0.441 -0.481 -0.008 -0.048 -0.498 0.000 -0.057 
40 NSTAR Industrial 4 0.534 -0.501 0.007 0.039 -0.546 0.000 -0.012 
41 NSTAR Retail 4 0.015 -0.009 0.001 0.007 -0.005 -0.003 0.007 
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Site 
ID PA 

Building 
Type Stratai 

Evaluated 
Connected kW 

Summer Coincidence 
Adjustment 

Coincident Electric 
Cooling Adjustment 

Summer 
Peak kW 

Winter Coincidence 
Adjustment 

Coincident Electric 
Heating Adjustment 

Winter 
Peak kW 

42 NSTAR Office 2 5.831 -5.417 0.083 0.497 -4.488 0.000 1.343 
43 NSTAR Restaurant 4 0.060 -0.039 0.004 0.026 -0.050 0.000 0.010 
44 NSTAR Office 4 1.839 -0.867 0.194 1.166 -2.047 0.000 -0.208 
45 NSTAR Grocery 4 0.315 -0.255 0.012 0.072 -0.274 0.000 0.041 
46 NSTAR Other 3 2.413 -2.316 0.019 0.116 -2.511 0.000 -0.098 
47 NSTAR Office 4 0.030 -0.011 0.004 0.023 -0.010 0.000 0.020 
48 NSTAR Multi-family 4 0.084 -0.086 0.000 -0.002 -0.078 0.000 0.006 
49 NSTAR Office 3 1.182 -1.193 -0.002 -0.013 -1.170 0.000 0.012 
50 Unitil Warehouse 3 2.500 -0.208 0.458 2.751 -1.234 -0.237 0.640 
51 Unitil Retail 4 0.420 -0.314 0.021 0.127 -0.316 0.000 0.104 
52 WMECO Retail 4 0.224 -0.186 0.008 0.046 -0.224 0.000 0.000 
53 WMECO Retail 4 1.140 -0.883 0.051 0.308 -1.145 0.000 -0.005 
54 WMECO Office 4 0.439 -0.461 -0.004 -0.026 -0.443 0.000 -0.004 
55 WMECO Office 4 0.735 -0.669 0.013 0.079 -0.726 0.000 0.009 
56 WMECO Office 4 0.196 -0.148 0.010 0.058 -0.165 0.000 0.031 
57 WMECO Office 4 0.637 -0.709 -0.014 -0.087 -0.571 0.000 0.066 
58 WMECO Retail 4 2.912 -2.513 0.000 0.399 -2.617 0.000 0.295 
i Strata: 1 = Large, 2 = Medium, 3 = Medium-Small, and 4 = Small 

 

Summer and Winter Coincidence Adjustments 
The summer and winter coincidence adjustments are typically negative values, indicating that no more than the evaluated connected kW can 
be reduced during any period. A coincidence adjustment of zero indicates maximum demand reduction was achieved by the lighting 
controls—that without lighting controls the connected lighting load operated continuously during the peak period and with lighting controls, 
the connected lighting load never operated during the peak period. A coincidence adjustment equal to the evaluated connected kW indicates 
that the connected lighting operates similarly with and without controls, so no demand savings are realized from the lighting controls. A 
coincidence adjustment greater than the evaluated connected kW indicates that the controlled lighting load operates more frequently during 
the peak with controls than without. 

Coincident Electric Cooling and Heating Adjustments 
The cooling and heating adjustments represent auxiliary electric impacts of the installed lighting controls. A positive cooling adjustment 
indicates a reduction in connected lighting operation (and therefore waste heat) during the summer peak period; a negative cooling adjustment 
indicates an increase in connected lighting operation. For heating systems, since additional heat is required to supplement reductions in 
lighting waste heat, a positive heating impact indicates a reduction in the connected lighting operation during the winter peak period and a 
negative heating impact (i.e., heating savings) indicates an increase in the connected lighting operation. No electric impacts are realized for 
installations in spaces that are unconditioned or that use a different heating fuel, or where the lighting controls had no impact on the connected 
lighting operation. 
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APPENDIX B. HVAC INTERACTION EQUATIONS 

During site visits, Cadmus noted the heating fuel type and if the facility had air conditioning. For 
sites that are cooled and/or heated, we estimated the HVAC cooling and heating energy and 
demand impacts using the methodology outline in the Non-Controls Lighting: Multi-Season 
Study, which analyzed the energy and demand impacts of lighting fixtures retrofits implemented 
through the PAs SBDI program in 2010.23 

Energy and demand savings due to reduced impact on the cooling systems are calculated as 
follows, though only for those sites that indicated mechanical cooling:  

𝑘𝑊ℎ𝐸𝐿𝐸𝐶 𝐶𝑂𝑂𝐿 = 𝑉𝑒𝑟𝑖𝑓𝑖𝑒𝑑 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝐻𝑜𝑢𝑟𝑠 𝑅𝑒𝑑𝑢𝑐𝑒𝑑 ∗ 𝐻𝑉𝐴𝐶𝐶 

𝑘𝑊𝐻𝑉𝐴𝐶,𝑆𝑃 = 𝑉𝑒𝑟𝑖𝑓𝑖𝑒𝑑 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊 ∗ 𝐶𝐹𝑆𝑃 ∗ 𝐻𝑉𝐴𝐶𝐷 

Where:   
   

𝑘𝑊ℎ𝐸𝐿𝐸𝐶 𝐶𝑂𝑂𝐿 = Annual electric cooling energy impact, kWh 

𝑘𝑊𝐻𝑉𝐴𝐶,𝑆𝑃 = Summer on-peak electric cooling demand impact, kW 
𝑉𝑒𝑟𝑖𝑓𝑖𝑒𝑑 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊 = Field-verified connected kW including verified fixture type, 

wattage, and quantity 
𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝐻𝑜𝑢𝑟𝑠 𝑅𝑒𝑑𝑢𝑐𝑒𝑑  = Measured annual hours reduction from pre to post 
𝐻𝑉𝐴𝐶𝐶 = HVAC system interaction factor for annual energy 

consumption24  
𝐶𝐹𝑆𝑃 = Measured summer on-peak period coincidence  
𝐻𝑉𝐴𝐶𝐷 = HVAC system interaction factor for peak period demand 

consumption25  
 
Table A-1 shows the cooling energy and peak demand interaction factors by building type. These 
factors are based on the HVAC interaction factors in the New York Tech Manual for the small 
business sector and the Poughkeepsie, New York, climate area. These factors were assigned to 
each of the Massachusetts building types listed in Table A-1, and the appropriate factor based on 
building type was applied to each site in the study that indicated the facility space was air-
conditioned. 

                                                 

23 Non-Controls Lighting Evaluation for the Massachusetts Small Business Direct Install Program: Multi-Season 
Study. The Cadmus Group, Inc. May 2012. 

24 New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs. 2010. page 291. 
www.dps.ny.gov/TechManualNYRevised10-15-10.pdf.  

25 Ibid. 
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Table A-1. Lighting-HVAC Interaction Factors, Cooling26 

Building Type HVACC HVACD 

Office 0.110 0.20 

Retail 0.130 0.20 

Industrial 0.091 0.20 

Restaurant 0.090 0.20 

School 0.085 0.20 

Health 0.097 0.20 

Warehouse 0.073 0.20 

College 0.097 0.20 

Multi-family 0.097 0.20 

Grocery 0.145 0.20 

Hotel/Motel 0.097 0.20 

Other 0.093 0.20 
 
Energy and demand savings due to reduced impact on the heating systems are calculated as 
follows, but only for those sites that indicated heating and only for the heating fuel indicated at 
each site:  

𝑘𝑊ℎ𝐸𝐿𝐸𝐶 𝐻𝐸𝐴𝑇 = 𝑉𝑒𝑟𝑖𝑓𝑖𝑒𝑑 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝐻𝑜𝑢𝑟𝑠 ∗
(−1) ∗ WHF
𝐸𝑓𝑓𝐸𝐿𝐸𝐶

 

𝑘𝑊𝐻𝑉𝐴𝐶,𝑊𝑃 = 𝑉𝑒𝑟𝑖𝑓𝑖𝑒𝑑 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊 ∗ 𝐶𝐹𝑊𝑃 ∗
(−1) ∗ WHF
𝐸𝑓𝑓𝐸𝐿𝐸𝐶

 

𝑀𝑀𝐵𝑡𝑢𝐺𝐴𝑆 = 𝑉𝑒𝑟𝑖𝑓𝑖𝑒𝑑 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝐻𝑜𝑢𝑟𝑠 ∗
(−1) ∗ WHF ∗ 3.412
𝐸𝑓𝑓𝐺𝐴𝑆 ∗ 1000

 

𝑀𝑀𝐵𝑡𝑢𝑂𝐼𝐿 = 𝑉𝑒𝑟𝑖𝑓𝑖𝑒𝑑 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝐻𝑜𝑢𝑟𝑠 ∗
(−1) ∗ WHF ∗ 3.412

𝐸𝑓𝑓𝑂𝐼𝐿 ∗ 1000
 

 
Where:   

   

𝑘𝑊ℎ𝐸𝐿𝐸𝐶 𝐻𝐸𝐴𝑇 = Annual electric heating energy impact, kWh 

𝑘𝑊𝐻𝑉𝐴𝐶,𝑊𝑃 = Winter on-peak electric heating demand impact, kW 
𝑀𝑀𝐵𝑡𝑢𝐺𝐴𝑆 = Annual natural gas heating energy impact, MMBtu 
𝑀𝑀𝐵𝑡𝑢𝑂𝐼𝐿 = Annual oil heating energy impact, MMBtu 
𝐶𝐹𝑊𝑃 = Measured winter on-peak coincidence  

WHF 
= Lighting waste heat factor; 0.27 value based on ASHRAE Lighting-HVAC 

interaction study27 

                                                 

26 New York Standard Approach for Estimating Energy Savings from Energy Efficiency Programs. 2010. page 291. 
www.dps.ny.gov/TechManualNYRevised10-15-10.pdf.  

27 “Calculating lighting and HVAC interactions,” Table 1. ASHRAE Journal. November 1993. 

C-79



MA SBDI Programs Pre/Post Lighting Occupancy Sensor Study October 23, 2012       

The Cadmus Group, Inc. / Energy Services Division 73  

Eff𝐸𝐿𝐸𝐶  = Estimated efficiency for electric heating system (100%)  
Eff𝐺𝐴𝑆 = Estimated efficiency for electric heating system (75%) 
Eff𝑂𝐼𝐿 = Estimated efficiency for electric heating system (75%)  

−1 = 
Negative multipliers indicates the heating load impact is opposite the 
lighting load impact (i.e., lighting load reduction results in heating load 
increase) 

3.412 = Conversion factor: kBtu = kWh * 3.412  
1000 = Conversion factor: MMBtu = kBtu * 1000 
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APPENDIX C. IMPACT FACTOR EQUATIONS AND 
FORMULAS 

Program impact factors are calculated by applying the site weights from the appropriate stratum 
to the measure results for each evaluated project within each stratum. The site weights are a 
multiplier and indicate the number of population projects represented by each evaluation project. 
The site weights are shown in Table 16 of the report. Following are the formulas that use the site 
weights and results of the evaluated sample of projects to calculate program impact factors. 

Impact Factor Equations 

Electric Energy Impact Factors 
The energy realization rate (kWh RR) compares the weighted evaluated lighting kWh savings to 
the total weighted tracking kWh savings for all evaluated projects.  

𝑘𝑊ℎ 𝑅𝑅 =
∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑘𝑊ℎ𝑗𝑛
𝑗=1

∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝑘𝑊ℎ𝑗𝑛
𝑗=1

 

The HVAC energy interaction factor (HVACELEC) compares the total weighted evaluated energy 
savings, including HVAC cooling and heating energy interaction, to the evaluated lighting kWh 
savings. 

𝐻𝑉𝐴𝐶𝐸𝐿𝐸𝐶 =
∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑘𝑊ℎ 𝑤𝑖𝑡ℎ 𝐻𝑉𝐴𝐶𝑗𝑛
𝑗=1

∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑘𝑊ℎ𝑗𝑛
𝑗=1

 

Demand Impact Factors 
The connected kW realization rate (kW RR) compares the weighted evaluated connected kW to 
the total weighted tracking connected kW for all evaluated projects.  

𝑘𝑊 𝑅𝑅 =
∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊𝑗
𝑛
𝑖=1
∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊𝑗
𝑛
𝑖=1

 

Summer and winter coincidence factors are calculated by comparing the evaluated kW savings 
coincidence with the summer and winter peak periods to the total evaluated connected kW. This 
impact represents the percentage of the connected lighting load that is reduced during the peak 
periods due to the installation of lighting occupancy sensors. 

𝐶𝐹𝑆𝑃 =
∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝑆𝑢𝑚𝑚𝑒𝑟 𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑘𝑊𝑗
𝑛
𝑗=1

∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊𝑗
𝑛
𝑗=1

 

𝐶𝐹𝑊𝑃 =
∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝑊𝑖𝑛𝑡𝑒𝑟 𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑘𝑊𝑗
𝑛
𝑗=1

∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝐶𝑜𝑛𝑛𝑒𝑐𝑡𝑒𝑑 𝑘𝑊𝑗
𝑛
𝑗=1

 

Summer and winter coincident HVAC demand interaction factors are calculated by comparing 
the total evaluated lighting and HVAC kW savings coincident with the summer and winter peak 
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periods to the total evaluated coincident lighting savings. This impact factor represents the 
impact of the lighting measure on the facility cooling (summer) and heating (winter) electric 
demand during the peak capacity periods.  

𝐻𝑉𝐴𝐶𝑆𝑃 =
∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ (𝑆𝑢𝑚𝑚𝑒𝑟 𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑘𝑊𝑗 + 𝑆𝑢𝑚𝑚𝑒𝑟 𝐻𝑉𝐴𝐶 𝑘𝑊𝑗  )𝑛
𝑗=1

∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝑆𝑢𝑚𝑚𝑒𝑟 𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑘𝑊𝑗
𝑛
𝑗=1

 

𝐻𝑉𝐴𝐶𝑊𝑃 =
∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ (𝑊𝑖𝑛𝑡𝑒𝑟 𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑘𝑊𝑗 + 𝑊𝑖𝑛𝑡𝑒𝑟 𝐻𝑉𝐴𝐶 𝑘𝑊𝑗)𝑛
𝑗=1

∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝑊𝑖𝑛𝑡𝑒𝑟 𝐶𝑜𝑖𝑛𝑐𝑖𝑑𝑒𝑛𝑡 𝑘𝑊𝑗
𝑛
𝑗=1

 

Non-Electric Impact Factors 
Non-electric impacts of lighting retrofit measures include impacts on a facility’s gas- or oil-fired 
heating systems due to the reduction in lighting waste heat. HVAC gas and oil heating energy 
impact factors are calculated as the total evaluated gas or oil impacts for all sites (including those 
with electric heating or without heating) divided by the total evaluated lighting kWh savings for 
all sites. 

𝐻𝑉𝐴𝐶𝐺𝐴𝑆 =
∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝑀𝑀𝐵𝑡𝑢𝐺𝐴𝑆,𝑗
𝑛
𝑗=1

∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑘𝑊ℎ𝑗𝑛
𝑗=1

 

𝐻𝑉𝐴𝐶𝑂𝐼𝐿 =
∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝑀𝑀𝐵𝑡𝑢𝑂𝐼𝐿,𝑗
𝑛
𝑗=1

∑ 𝑆𝑖𝑡𝑒𝑊𝑒𝑖𝑔ℎ𝑡𝑗 ∗ 𝐸𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑 𝑘𝑊ℎ𝑗𝑛
𝑗=1

 

Impact Factor Formulas 
The following formulas describe how the impact factors provided in Table ES-1 and Table 21 
should be applied to tracking gross kW and kWh savings to calculate adjusted gross energy and 
demand savings. 

Electric Impact Formulas  
Adjusted gross energy impacts are calculated by applying the kWh realization rate (kWh RR) 
and the HVAC electric interaction factor (HVACELEC) to the tracking gross energy savings.  

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ ∗ 𝑘𝑊ℎ 𝑅𝑅 ∗ 𝐻𝑉𝐴𝐶𝐸𝐿𝐸𝐶 

The adjusted gross savings realized during the energy on-peak period is calculated by applying 
the percent kWh on-peak impact factor to the adjusted gross energy savings.  

𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ 𝑂𝑛𝑃𝑒𝑎𝑘 = 𝐴𝑑𝑗𝑢𝑠𝑡𝑒𝑑 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ ∗ %𝑘𝑊ℎ 𝑂𝑛𝑃𝑒𝑎𝑘 

Summer and winter peak demand impacts are calculated by applying the connected demand 
realization rate (kW RR), peak coincidence factor (CFSP for summer, CFWP for winter), and 
HVAC demand interaction factor (HVACSP for summer, HVACWP for winter) to the tracking 
connected kW savings.  

𝑆𝑢𝑚𝑚𝑒𝑟 𝑃𝑒𝑎𝑘 𝑘𝑊 = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊 ∗ 𝑘𝑊 𝑅𝑅 ∗ 𝐶𝐹𝑆𝑃 ∗ 𝐻𝑉𝐴𝐶𝑆𝑃 

𝑊𝑖𝑛𝑡𝑒𝑟 𝑃𝑒𝑎𝑘 𝑘𝑊 = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊 ∗ 𝑘𝑊 𝑅𝑅 ∗ 𝐶𝐹𝑊𝑃 ∗ 𝐻𝑉𝐴𝐶𝑊𝑃 
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The HVAC electric interaction energy and demand impacts are calculated as average values over 
all sites in the 2011 population, so the impact factors should be applied to all sites regardless of 
whether the site is electrically cooled and/or heated.  

Non-Electric Impact Formulas  
Gas and oil heating impacts are calculated by applying the gas and oil HVAC interaction factors 
to the adjusted gross lighting energy savings.  

𝑀𝑀𝐵𝑡𝑢𝐺𝐴𝑆 = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ ∗ 𝑘𝑊ℎ 𝑅𝑅 ∗ 𝐻𝑉𝐴𝐶𝐺𝐴𝑆 

𝑀𝑀𝐵𝑡𝑢𝑂𝐼𝐿 = 𝑇𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝐺𝑟𝑜𝑠𝑠 𝑘𝑊ℎ ∗ 𝑘𝑊ℎ 𝑅𝑅 ∗ 𝐻𝑉𝐴𝐶𝑂𝐼𝐿 

The gas and oil heating energy impacts are calculated as average values over all sites in the 2011 
population, so the impact factors should be applied to all sites regardless of the heating fuel type 
at each site or whether the site is heated. 
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APPENDIX D. MEMORANDUM - 2012 BILLING 
ANALYSIS FINDINGS AND RECOMMENDATIONS  
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Date: October 24, 2012 

To: Dave Weber, NSTAR and the Massachusetts PAs and EEAC 

From: The Small C&I Evaluation Team 

Re: 2012 Billing Analysis Findings and Recommendations 

 

This memo restates the recommendations from the 2012 Small C&I program billing analysis and 
responds to the concerns presented by Ralph Prahl in an email dated 9/22/2012. Ralph raised 
some issues regarding the validity of rejecting the results of the billing analysis as proposed by 
the Small C&I Evaluation Team and requested further explanation and evidence to support the 
recommendation. In this memorandum, we detail the rationale for rejecting the billing analysis 
results and maintaining the results of the metering studies, cite evidence of correlations between 
vacancy rates and efficiency program participation in other regions, discuss the difference in 
evaluation methodologies between metering and billing data analysis, and describe 
recommendations if billing analyses is to be used for future program evaluations. 

Background 
In a meeting of the Small Business Direct Install program Evaluation Team, PAs, and EEAC 
Consultant on 9/21/2012, the Evaluation Team presented the following proposal to reject the 
results of the 2012 Billing Analysis of the MA SBDI programs. The rationale for this conclusion 
was based on evidence of bias in the analysis results and inability to isolate program impacts 
from other forces with the existing program tracking data:  

“As described in our memo issued on 9/5/2012, the results of the billing analysis regression models were 
very different than the results of the two metering studies completed in 2012 as well as previous billing 
analyses conducted for the MA SBDI programs. Analysis of the participant data suggests these billing 
analysis results are most likely biased due to omitted variables. Further analysis of program tracking and 
consumption data has proved inconclusive in uncovering the driver(s) of the low realization rates observed.  

The most likely drivers of the unexpectedly low realization rates are changes in economic activity, changes 
in facility occupancy rates, and/or changes in the program participant and/or project characteristics. 
Additional data or research would be required to be conducted to know definitively whether or what 
fraction of the realization rates are due to program activity compared to other external forces. 
Unfortunately, the necessary customer-specific economic and project-characteristics data do not exist, and 
the collection of customer data based on recollections from as long as 3 years ago may be unproductive. 
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The Cadmus-Navigant team therefore recommends reporting the findings of this billing analysis and 
making clear data collection and methodological recommendations for future evaluations of this program. 
We also recommend, based on our findings across all of the evaluation activities associated with this 
program, that the PAs use the results of the lighting fixture and lighting controls metering studies in their 3-
year plans, and do not use the results of the billing analysis.” 

Rationale for Rejecting the SBDI Billing Analysis Results 
Ralph Prahl of the EEAC Consultant Team expressed concerns in an email dated 9/22/2012 
about the recommendation to reject the results of the study and requested clarification and 
justification for the recommendation: 

“… for the longer term, I have concerns about the reasoning being used to reject the results of this study.  
To do a study, find disappointing results, and decide not to use them, I believe that one must generally have 
a pretty compelling rationale.  In the absence of such a compelling rationale, the presumption should be that 
if a methodology was considered appropriate to undertake in the first place, then the results must be 
applied.  To do otherwise is to risk accepting only the results of studies that are favorable or comport with 
one’s expectations. 

Is there a compelling rationale to reject the results of this study?  I would say not so far, at least as far as I 
have seen.  What we appear to have are conjectures that the disappointing realization rates are due either to 
economically driven declines in operating hours in the pre-period or to a saturated market driving 
installations into lesser-used spaces.  While either of these explanations seems possible to me, I have seen 
no hard evidence as of yet in support of either of them.   

… 

To be clear, I am not arguing that these proposed explanations are false.  I am arguing that they are being 
advanced too quickly and easily, with too little supporting evidence, and that to perform a study and then to 
reject the results so easily when they prove disappointing is bad evaluation practice. 

In sum, I’m fine with not incorporating these results into the plan version of the TRM on the basis of their 
timing, but if we’re not going to incorporate them in some manner into the next application milestone 
(which, as of now, would be the 2012 report version of the TRM) I think we’re going to need a much 
stronger basis than we’ve got so far.” 

In the following sections: 

1. We provide evidence of increases in commercial vacancies in Massachusetts over the 
past four years. 

2. We cite contemporaneous research performed by the Cadmus Group in California 
describing observed correlations between building vacancies and participation in 
commercial retrofit efficiency programs.  

3. We conclude by showing why the absence of participant-specific details on vacancies 
(and thus not being able to control for it within the model) results in biased parameter 
estimates in this study. 
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Commercial Vacancies 
As shown in the chart below, over the initial participation period covered by the billing analysis 
(2009 through 2010), commercial office and retail vacancy rates in the Boston metropolitan area 
increased. These represent the two largest business-type groups included in the billing analysis: 
“Small Retail” (22% of the sample, and an estimated realization rate of 84%), and “Small 
Office” (21% of the sample, and an estimated realization rate of 56%).  

Boston Area Vacancy Rates, 2006-2011 

 
Source: KeyPoint Partners (Retail) and NAI Hunneman (Offices) 

The relative realization rates are consistent with the vacancy trends in the chart. The office 
vacancy rate climbed more than 2% from 2009 to 2010 to a 14% rate and leveled off. Retail 
vacancy rates rose by 3% from 2008 to 2010, but fell by 1% in 2010 before leveling off. The 
data reveal that vacancies were rising during the pre-participation period, consistent with the 
correlation between program participation and high vacancies shown in the next section of this 
memorandum.  

Changes in Vacancy Are Correlated With Measure Installation 
There is evidence that individual business vacancies have been correlated with commercial 
sector customers participating in retrofit and renovation programs as part of competing in a 
difficult economic environment. A 2011 Cadmus report prepared for Southern California Edison 
found that the decision to participate in the program and retrofit a building is correlated with 
higher vacancies within that building.1 Cadmus found that landlords with higher vacancies 

                                                 
1 “Commercial Building Market Characterization for Savings by Design Program, Final Report,” Prepared by the 

Cadmus Group for Southern California Edison, June 20, 2011 
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sought to participate in the program and that, once the new measures are in place, the building 
was more likely to be rented. The report listed vacancy rate reductions as a primary driver of 
commercial energy-efficiency program participation in the current economic recovery: 

Major factors that drive increases in energy efficiency in new nonresidential buildings (and renovations) 
include: 

• Desire to reduce utility costs as a component of operating costs, particularly in the current market with 
higher vacancy rates2 

 
Another identified driver for participation is making facilities attractive to sell to other investors. 
The study concluded that the recent real estate collapse and slow recovery had changed the 
nature of commercial real estate marketplace: 

In the past, owners did not pay much attention to energy efficiency in “build-to-sell” construction because 
sales occurred relatively quickly so energy costs did not have a major impact on the owner. With much of 
this space standing vacant and unable to be sold, there are now new opportunities for energy-efficiency 
programs in the renovation market. One expert explained that most of these owners have great interest in 
lowering their operating costs to reduce losses due to vacancy. Little capital is available to make these 
changes so many of these owners are looking for ways to reduce upfront costs, such as utility rebate 
programs. This source claimed that owners now have more patience to deal with the time program 
involvement takes due to the huge pressure to lower costs. 

• Implications for SBD: Major renovations are likely to be a significant opportunity area, particularly in 
vacant buildings, especially “build-to-sell” ones.3 

Finally, one building owner interviewed as part of the study indicated that a more energy-
efficient building is typically easier to lease out than less efficient buildings and half of the 
building owners interviewed said that energy efficient buildings could rent for above market 
rates. This indicates both a motive for landlords of vacant properties to participate in the program 
and that shortly after participation, the more efficient building would be more likely to be leased 
and no longer be vacant. 

Note that all of these findings from the Cadmus report suggest that rather than being correlated 
with any particular time-period, vacancy (and non-vacancy) in a given building is correlated with 
the building owner’s decision to participate in the efficiency program. This means that simple 
annual dummy variables cannot control for these impacts. The only way to do so within a 
regression model is with customer-specific pre and post vacancy rate data. 

How Correlation between Change in Vacancy and Measure Installation Biases the 
Realization Rate 
Unfortunately, the SBDI program tracking does not contain sufficient customer-specific data to 
control for vacancies. Neither pre- nor post-installation vacancy rates nor other indicators around 

                                                 
2Ibid., pp. 2-3.  
3 Ibid., pp. 48-49 
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the reasons for participation are collected by the SBDI programs, so vacancy cannot be explicitly 
controlled for within the regression model. Not including this variable leads to what is known as 
“omitted variable bias.” This simply means that leaving an explanatory variable that impacts the 
dependent variable (i.e., energy consumption) out of the regression model will bias all of the 
estimated parameters of variables that are included in the model.  

This bias occurs when the effects of the omitted variable get assigned to the included 
independent variable that it is most correlated with. When we don’t include a variable controlling 
for vacancy, and consumption goes up shortly after the installation of conservation measures due 
to a new tenant moving in and also falls due to those very measures, the (roughly) net impact of 
both effects will get assigned to the single parameter that gives us the realization rate. This will 
tend to artificially depress the realization rate. 

More formally, recall that the most significant operating assumption under which ordinary least 
squares regression operates is that the error term of the regression is uncorrelated with the 
dependent variable. If this is not the case, then the parameter estimates will be biased. Suppose, 
for example that the true model describing commercial consumption is: 

Consumption (kWh) = Intercept + b1*CDD +b2* HDD + b3*EE +b4* X + e (1) 

where 

HDD is heating degree days, 

CDD is cooling degree days,  

EE is engineering estimate of savings (equal to 0 pre installation), 

X is a dummy variable representing a vacant business, and 

e is random noise, normally distributed 

Now suppose instead we estimate the following model: 

Consumption (kWh) = Intercept + b1*CDD +b2* HDD + b3*EE + u  (2) 

where all the variables have the same values as previously, except that u now is the error term.  

Since X is no longer included in our model, u is now implicitly: 

u = e + X        (3) 

where e is, again random noise, and X represents whether or not a business is vacant. 

If X is indeed correlated with consumption, then it must be that the error term u in equation (3) is 
also correlated with consumption. If X is correlated with EE (that is, if on average installation of 
measures occurs reasonably close to when a business goes from being vacant to being occupied), 
the estimated parameter (b3) of EE will be downwardly biased leading to an underestimate of the 
realization rate. 
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Comparison with the Metering Studies 
In our recommendation to reject the results of the billing analysis due to the described omitted 
variable bias, we also recommended that the PAs adopt the results of the two meter-based SBDI 
impact evaluations:  

1. the non-controls lighting fixture study based on post-retrofit on-site verification and 
lighting run time measurements over multiple seasons, and 

2. the lighting controls study based on pre- and post-retrofit verification and run time 
metering of program installations. 

Non-Controls Lighting: Multi-Season Study 
This study involves on-site verification of the post-installation fixture count, type, wattage, and 
run time of projects installed in 2010. The central assumption in this post-installation metering 
study is that the baseline hours of operation are the same as the metered post-installation 
operating hours. This is common practice for lighting impact evaluations and a fair assumption 
since the non-control lighting fixture retrofits are not expected to impact lighting run time.  

As no pre-installation operational data are used in the analysis, the vacancy rate issue did not 
impact this analysis. 

Pre/Post Lighting Occupancy Sensor Study 
This study involves on-site verification of the total controlled lighting load (fixture count, type, 
and wattage) and metering of the pre- and post-installation lighting run time for lighting controls 
projects installed in 2011 and early 2012. 

At the site or project level, vacancy bias was likely controlled for by the self-selection 
methodology required for the pre-installation metering. To recruit program customers to 
participate in the pre-installation data-collection, the study relied on the voluntary cooperation of 
the project contractors, installation contractors, and customers. It is expected that customers (for 
example, building owners) with low-vacancy spaces would not have volunteered for the pre-
installation metering. 

Recommendations for Future Impact Evaluation 
Lighting fixture and controls retrofit projects continue to count for the majority of the SBDI 
program savings and should continue to be rigorously evaluated, especially as the programs 
evolve to reach new customers and deeper into the buildings of returning participants, and 
program contractors are pushed to reach higher savings goals. In the 2013-2015 plans, the PAs 
plan to achieve 86%4 of the planned program savings through lighting retrofit projects.  

                                                 
4 This is the value from the 2013-2015 Energy Efficiency Plans for NSTAR & WMECO. 
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For evaluation purposes, metering studies involving the on-site verification of installed 
equipment and long-term metering of key parameters (such as run time) remain a strongly 
supported evaluation methodology. These studies provide good verification data and program 
insights from the on-site activities, and in the view of this evaluation team, metering is the 
preferred approach for the SBDI program.  

Billing analysis methods provide the advantage of low-cost short-schedule evaluations that 
include a majority of program participants, and can address issues like vacancies if available 
tracking data includes all controlling variables relevant to building energy consumption. As was 
observed in this analysis, the absence of key variables may prevent the isolation of impacts 
attributable to the SBDI program. Therefore, in order for billing analyses to remain a viable 
option additional data need to be collected at the time of implementation, including but not 
limited to: 

• Is the lighting retrofit a standalone project, or part of a building renovation or 
addition? If a renovation, is lighting going into areas of the building such as attics or 
basements that were previously rarely used? What was the usable square footage 
before and after the renovation or addition? 

• For lighting retrofit what was the vacancy rate at the time of installation? What is the 
vacancy rate after installation? The collection of post installation occupancy rates 
requires additional effort. Data collection maybe through phone surveys or mail in 
cards. If this effort were to be undertaken as normal part of the process, then it could 
include other useful data such as customer satisfaction, future renovation plans, etc. 

• For renovation projects, we will want to confirm the nearly empty space (high 
vacancies) before participation, record how long the entire renovation took, note 
vacancy rates before the renovation project started, and the same questions as above 
for the post-installation period. 
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