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CONCLUSIONS

Key findings
2016 is the first year that sta

robust segmentation analysis.

tewide electric participation and savings rates have
decreased since the C&I Customer Profile report began in 2011.
Acros s PAs, there are notable differences in the mix of measures installed,
representing possible opportunities for statewide energy efficiency gains through more

For both gas and electric PAs, upstream programs have resulted in increased
participation of small customers, likely due to the accessible nature of the measures

offered.

The upstream hot water program experienced a successful first year for the gas

market. It delivered 1.4 million therms in gas

gas participants.

Upstream lighting continues to provide substantial savings
electric market. Shifts in lamp types purchased have caused year

fluctuations.

Custom projects continue to provide substantial savings for both gas and electric
These

account s.

projects in 2016.

projects play

savings, primarily to small and first

-time

and participation for the
-over -year savings

an

mportant ro
For both electric and gas, savings from HVAC projects continue to decline, even with

the inclusion of the electric upstream HVAC offerings.
Control measures provided substantial savings for lighting and HVAC (electric and gas)

Aerators and spray valves remain a key driver of gas participation and savings despite
the continued statewide decline in these numbers.

Recommendations
Increase communication and

Consider leveraging the upstream tracking data to further engage small and mid

improve data intake processes to enhance the quality of
ongoing and future evaluation efforts.

participants that might offer opportunities for increased depth of savings.

Investigate the feasibility of a premise

reports.

Considerations and potential future research
Consider additional research into critical items identified i
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Leverage the combination of location -level analyses, energy use, and American
Community Survey block group data to identify and quantify where opportunities for
strategic electrification or fuel switching may exist.

Create new end use classifications that are more detailed, to support deeper
investigations across analysis grains within the C&l Customer Profile report, and to
support ongoing and future studies.

PAs should determine whether any measures currently offered though the residential
products program may also be appropr iate for smaller C&l customers.

PAs should consider leveraging updated tax data along with their tracking data to
improve customer segmentation and better identify potential future participants.
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1 EXECUTIVE SUMMARY

1.1 Background

DNV GL publishes the Commercial and Industrial (C&I) Customer Profile report on an annual basis to present

the analysis of Massachusetts Program Administratorso6 (PAsd) &
reporting of the statewide data allow the PAs and the Energy Efficiency Advisory Council (EEAC) Consultants

to:

1 Accurately quan tify and report on trends and time series evolution in the Massachusetts C&l landscape
1  Develop narratives about these trends and their implications for a variety of stakeholder interests
1 Help formulate testable hypotheses for future process, market, and im pact assessment studies

The C&I Customer Profile report allows the PAs to evaluate how their standardized data compares to other
PAsd standardized dat a, and compares to the state as a whol e,
IT system confidential ity.

1.2 Project objectives

The overall goals of the C&lI Customer Profile project are to i
tracking data into the MA C&l Evaluation Database, and to analyze this data in order to identify, quantify,

and report on the  evolving trends in the C&I energy efficiency landscape, which in turn will inform

hypotheses for deeper research.

The objectives of the MA C&I Evaluation Database are:

1 To provide a standardized, time -series, statewide view of t dadga PAsd tracking
1 To maintain customer -level data confidentiality
1 To support a diverse and robust array of drill -downs and roll -ups of PA data, focusing on various
attributes that provide unique insight into PA C&I efficiency accomplishments
1 To minimize data requests on the PA teams

The C&I Customer Profile report serves as the vehicle to aggregate and summarize the account - and

project -1 ev el details contained in the MA C&l Eval uati on Database,
Consultantsdé goal of:

Generating cross - PA views of the data at as granular a level as feasible without compromising

customer or project data confidentiality z

1.3 Approach

DNV GL assesses the sources and completeness of data delivered, documents steps taken to extract,

transform and load billing and tracking data to ensure consistent and correct standardization, and conducts

data maintenance to integrate the most recent data into the MA C&I Evaluation Database. The 2016 project
updates and builds on prior C&l Customer Profile Projects to identify new trends or existing patterns over

time.

1 This principle was articulated during the 2012 C&l Customer Profile r eport and subsequently reaffirmed in the scoping,
analysis, and reporting for the 2013 C&I Customer Profiler  eport.
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Given the continual updates to the MA C&I Evaluation Database and the efforts made to | everage new

information to fill previously unclassified historical fields, the numbers and figures in this current C&l

Customer Profile report supersede those of previous yearo6s rer
how many accounts of a certain i ndustry sector existed in a 2012 billing population, for instance, should

consult the 2012 year in this reportods time series tables, rat
report. This will ensure that readers are leveraging the most comprehen sive and current data in the MA C&l

Evaluation Database.

1.4 Summary of key findings

The section provides a summary of key findings and implications (additional details are provided in section
7.1). Key findings in  dark blue boxes indicate new findings specific to the 2016 C&l Comprehensive

Customer Profile report, while key findings in light blue boxes represent findings consistent with previous
year s o6 rTekey tfisdings are presented in descending order of granularity , starting with the
broadest, state -wide findings.
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REPORT KEY FINDINGS

2016 is the first year statewide electric
participation and savings rates have decreased.

Across PAs, there are notable differences in the
mix of measures installed, representing possible
opportunities for statewide energy efficiency gains
through more robust segmentation analysis.

For both gas and electric PAs, upstream programs
have resulted inincreased participation of small
customers, likely due to the accessible nature of
the measures offered.

The upstream hot water program experienced a
successful first year for the gas market. It

delivered 1.4 million therms in gas savings,

primarily to small and first -time gas patrticipants.

Upstream lighting continues to provide substantial
savings and participation for the electric market.

Shifts in lamp types purchased have caused year
over -year savings fluctuations.

Custom projects continue to provide substantial
savings for both gas and electric accounts. These
projects play an important
savings goals.

For both electric and gas, savings from HVAC
projects continue to decline, even with the
inclusion of the electric upstream HVAC offerings.

Control measures provided substantial savings for
lighting and HVAC (electric and gas) projects in
2016.

Aerators and spray valves remain a key driver of
gas participation and savings despite the
continued statewide decline in these numbers.

www.dnvgl.com

role in meeting PAs &
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POTENTIAL IMPLICATIONS

If electric savings decrease again in future years, it may
impact the PAs 6ability to meet annual savings goals.

It is important to uncover the deeper stories behind key
trends. The potential exists to leverage the integrated PA
tax data in segmentation analyses to help the PAs fine
tune their marketing outreach efforts.

Additional measures could also be successful via the

upstream channel if they are similar in accessibility for
customers.

The first year success with this program could indicate
other gas measures with minimal technical barriers may
be attractive for small and first -time customers.

A rapidly shifting lighting market will reflect changes in
bulb types purchased through upstream. Continued
monitoring of the measure mix and installation rates
could help address future upstream challenges.

Custom projects continue to support electric and gas PA
savings goals. While high  -saving measures like CHP
contribute greatly, other custom projects can help meet
these goals in the absence of such a large project.

Electric HVAC savings have been trending down since
2013 (coinciding with the introduction of upstream
HVAC). Further analysis into the more successful HVYAC
electric and gas projects may reveal future opportunities
to increase HVAC projects and savings for both fuels.

PAs appear to be capturing additional opportunities with
controls discussed in previous planning summit
meetings.

Incorporating aerators and spray valves into the
upstream hot water program might continue to
encourage statewide engagement.
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DNV-GL

1.5 Recommendations and considerations

1.5.1 Recommendations

The scope of the MA C&I Customer Profile project focuses on the collection of PA data, the construction and

maintenance of the MA C&I Evaluati on Database, and data analysis and summarization using attribute filters.

Addi tional value and insight <can be -lgvalfindiegd tbigentifys icritical t hi s pr oj ¢
research questions for deeper analysis or opportunities to improve collect ed data. For the 2016 C&l

Customer Profile report, we present the following recommendations:

1511 Increase communication throughout the annual data delivery process
to improve the quality of ongoing and future evaluation efforts.

DNV GL recommends that future data intake and updates consist of more frequent communication

touchpoints between PAs, evaluators, and EEAC Consultants. As each PA provides its own unique and

intricate data, regular communication between all MA C&l Evaluati on Database stakeholders would facilitate
faster data intake  and data authentication process es, and would help prevent future discrepancies during
report writing. Increased communication touchpoints would increase the efficiency and improve the quality

of all evaluation efforts, including more realistic timelines and better project planning. Specifically, these

actions could include:

1 Anannual kick -off meeting to discuss data intake and management goals for the upcoming year
1 Meetings with each PA to determi ne a feasible level of data quality and realistic timelines for data

delivery
1 Revising current documentation practices to deliver faster and more impactful information for the PAs
1 Exploring the use of web portals and digital dashboards to increase communic ation and shorten reports

In addition to improving communication between stakeholders, we recommend several changes to the
annual data intake process, to help ensure more timely delivery of data:

1 Bifurcating billing and tracking data in the annual delivery process:

- Billing data is generally available before tracking data each year. We recommend sending the billing
data as it become available. Earlier access to the billing data will help support ongoing and future
projects, and will decrease the interval be tween the time data is provided and the time it gets
included in the MA C&I Evaluation database.

1 Assess the feasibility of more regular and standardized data deliveries:

- Moving from annual to more frequent updates will help support many project efforts. Ea ch PA will
need to determine the form of its own data deliveries, to
and processes around data security and quality control.

1 Modify the annual Summary of Data Completeness process to contain two separate elements.

- Ind ividual PA reporting to verify PA data as it finishes the data intake process.
- A statewide summary of the complete data once all PAs are fully processed.
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1.51.2 Consider leveraging the upstream tracking data to further engage
small and mid - size participants that might offer opportunities for
increased depth of savings.

The data presented in this report indicates that upstream programs increase participation among small and

mid -size customers. By nature, this channel provides efficiency measures to customers withou t assurance
(through comprehensive engineering assessments, etc.) that these measures are being optimally used.

Accordingly, upstream customers may be leaving additional savings on the table.

Utilizing the upstream tracking data, PAs could assess whether these customers share commonalities that
could be leveraged to increase savings and repeat participation. For instance, identifying similarities in
purchasing patterns or geography could help PAs further hone their target marketing to these customers.

Finding small and mid -size customers to begin or continue participating in energy efficiency can be costly.

Fortunately, participating in the upstream program demonstrat e
efficiency, making them valued prospects. The PAs should investigate the feasibility of leveraging the

upstream tracking data to help identify customers with a need for deeper energy saving solutions.

1.5.1.3 Investigate the feasibility of a premise -level analysis grain in future
Customer Profile reports.
Currently, the C&l Customer Profile report focuses on account -level analysis. This analysis grain provides a
clean link to each yearo6s billing data and is useful in summar
relative to the customer landscape for each PA. However, account numbers change though time as accounts

open and close, and many larger energy efficiency measures, such as some HVAC or building shell

installations, have long measure lives that are tied to their installation location. As more ye ars of data are
added to the analysis, it becomes increasingly likely that there are locations where an account has closed,

but energy efficiency measures remain in place. This may cause an under -representation of the portion of
the building population tha  t has already participated in energy efficiency. Moreover, new accounts entering

these buildings would not be candidates for new measures, even though they themselves have not

participated in energy efficiency.

Beyond the time series challenge, an account -level analysis does not facilitate assessments across fuels for

some PAs, or across customers that have different PAs providing each fuel type. This can complicate some

analyses, such as the EUI maps, where under stmagltiamge a bui |l di nc¢
appropriate way of understanding opportunity and participation. The incorporation of premise -level analysis

would provide the C&l Customer Profile report with a new analysis grain that could offer more holistic

findings, over time and across PAs and fuels. An HVAC building -level analysis, for instance, would identify

which buildings have both gas and electric service, and would shed light on cross -fuel participation

opportunities.

1.5.2 Considerations and potential future research

The following cons iderations recognize opportunities of interest that may not have a clear recommendable

action or outcome, but nevertheless merit acknowledgment . The considerations also offer up the more
speculative findings in this report. These include instances where no n-data insights into program design and
implementation, customer behaviors, and other non -data elements mean that the PA data in isolation is

unlikely to capture the full landscape of underlying drivers. As a result, considerations do not have the same
lev el of certainty or clear actions that recommendations have.
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1521 Consider additional research into critical items identified in this
reportodés Key Findings.
Many of the Key Findings identified in the 2016 Comprehensive C&l Customer Profile report present
potential topics for future research. Of note are the various differences in outcomes across PAs. For example,
Key Finding 2 (section 7.1.2) states, fAAcross PAs, there are notable differ:
installed, representing possible opportunities for statewide energy efficiency gains through more robust
segmentation analysis.® Further research, such as a segmentat:i
customer differences could provide valuable knowledge for replicable successful engagement.

Additionally, Key Finding 3 (section 7.13) st a Foesoth ga8 and electric PAs, upstream programs have
resulted in increased participation of small customers, likely due to the accessible nature of the measures

offered. 0 Dpeeinvestigations into these programs and their engagement with small customers may

uncover specific measure or program characteristics that encourage engagement from this subset of

customers. Research into the upstream hot water market could answer valua ble questions regarding the
programds future growth and success.

1.5.2.2 Lever age the combination of location -level analyses, energy use, and
American Community Survey block group data to identify and quantify
where opportunities for strategic electrification or f uel switching may
exist

The PAs have cultivated geographic data capabilities over the years through the MA C&I Evaluation
Database. They could leverage these capabilities to identify areas where, for example, it might be desirable
to switch from delivered fuels to a regulated fuel.

For both the electric and gas PAs, the integration of the locational analysis capabilities makes it possible to
identify individual buildings where the total energy consumption is substantially different from peer buildings

of comparable vintage, size, and industry sector. The American Community Survey data on fuel availability

can also be used to understand the likelihood that the customers are using a delivered fuel, and potentially

even generate a probability of how much of that delivered fuel they use. With this information, PAs could get
an idea of the savings that a delivered customer could obtain by switching to more efficient equipment in

regulated fuel.
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1523 Create new end use classifications that are more detailed, to suppo rt
deeper investigations across analysis grains within the C&l Customer
Profile report, and to support ongoing and future studies.

PAs provide DNV GL with many different measure end use names and descriptions in their tracking systems.

Each year, DNV GL sc rutinizes all measure information provided and creates the standardized end use fields

found in each fuel ds end use s &2 tandd®R). Bofend useedescriptprssuchaé Sect i ons
HVAC or building shell, more detailed measure descriptions would help identify trends that are currently not

visible in broader end  use classification. 2 Providing BCR measure IDs, if applicable, would also support this

effort. Developing end use classifications at this level of detail for strategically important end uses can allow

the MA C&I Evaluation Database to further support repor ting, customer segmentation, and program

planning efforts. The level of classification available in the MA C&I Evaluation Database is highly dependent

on the granularity of data provided by each PA. It may be worthwhile for the PAs to consider whether

oppo rtunities exist to incorporate additional details into their tracking systems.

1524 PAs should determine whether any measures currently offered though
the residential products program may also be appropriate for smaller
C&l customers.

Measures like air purifie  rs, computer and kitchen equipment, and smart strips may represent effective ways

to engage smaller customers via a C&I upstream or online products channel. While the combination of these
customers and the measures in question are not likely to return larg e savings, they may provide easy and
cost - effective opportunities for introducing and increasing participation among smaller C&I customers.

1.5.25 PAs should consider leveraging updated tax data along with their
tracking data to improve customer segmentation and better identify
potential future participants.

Through the C&  Enhanced Customer Database project (MA66), DNV GL has appended statewide tax data to

the PAsd billing and tracking data. This newly available infor
characteristics, such as land use, building square footage, vintage, and value to identify similar groups of

customers who may share similar needs or have s imilar barriers to participating in energy efficiency

initiatives.

Leveraging this data  could provide the PAs with more quantitative analysis on how the demand for different
end uses is evolving, in order to offer increasingly attractive programs, further increase participation and
savings, and continue to meet annual savings targets.

1.6 Key findings cut shee ts

The following key finding cut sheets are designed to provide stand -alone, high -level support for each of the

key findings. These sections also guide the user to relevant sections of the report where additional details

present deeper analysis and support of each finding. 2 These findings are also provided in traditional text

format in section  7.1. The key findings are presented in descending order of granularity , starting

with the broadest, state -wide findings.

2 An example of this is the new lighting classification added to section 5 of this report.

3Throughout this report, the term fAupstream hot watero references the C&lI Upstream Waf
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FINDING 2016 is the first year statewide electric
participation and savings rates have decreased.

2011 -2016 statewide participation and savings rates, electric

Implications

6.6%
6.4%

If electric savings
decrease again in >o%
future years, it may
impact the PAs 6
ability to meet annual
savings goals.
3.2%
2.8% 2.9%
: 2.6%
2.2% 2.3%
2.0%
I 118% I

Participation Rate Population Savings Achieved
2011 2012 w™2013 m™2014 2015 ®™2016

There were more custom projects undertaken in 2016 than in 2015, but these projects
provided less in total electric savings than in 2015. (Section 4.3.5.1).

Participation by customers in electric & largest consumption bin did not vary substantially
from 2015 to 2016. Savings achieved from large customer participation did decrease
considerably from 2015 to 2016. (Section 5.1.2).

In 2015, 3 large CHP and process projects provided substantial electric savings o over

twice the savings provided by the 3 largest saving projects in 2016 (upstream lighting,
non -upstream lighting, and HVAC). In 2015, the largest CHP projects were in the
education and manufacturing sectors; in 2016, the largest CHP projects were in health
care. In 2016, 41% of accounts installing CHP measures consume < 0.47 GWh. In 2015,
33% of accounts installing CHP consumed < 0.47 GWh. (Sections 5.1.2 & 5.2).
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Across PAs, there are notable differences in the KEY
mix of measures installed, representing
possible opportunities for statewide energy FINDING
efficiency gains through more robust
segmentation analysis.

Implications

A While the significance of any individual year and measure should not be overestimated,
it is important to uncover deeper stories behind key trends.

A The potential exists to leverage the integrated PA tax data in segmentation analyses to
determine whether analogous populations exist across PA territories, and at what scale.
Such analyses could allow the PAs to fine -tune their marketing outreach efforts.

Share of 2016 gas savings by end use, by PA

100% - - - - = Building Shell
90% -
Building Systems
80%
. B Comprehensive

Design
70%

— B Food Service

8, 60%
c
'% Hot Water
]
9 50%
° B HVAC
<
5 B Other
X 30%
Process
20%
10% ' a Upst‘ream Food
- Service
v 088 [ @ Upsteam Hot
Berkshire Columbia  Eversource Liberty National Unitil Water
Grid

A For gas, both National Grid and Eversource gas had substantially more
programable thermostat installations than Columbia in 2016.
Eversource had a slightly larger number of programable thermostat
installs than National Grid in 2016 despite a substantially smaller gas
population (Section 6.2).

For electric, Eversource had nearly twice as many accounts that

installed motors and drives as National Grid. National Grid had twice as
many CHP projects as Eversource in 2016, but National Grid & CHP
projects provided only 68% as much savings as the Eversource CHP
projects (Section 6.2).
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3

. For both gas and electric PAs, upstream KEY
programs have resulted in increased FINDING
participation of small customers, likely due to
the accessible nature of the measures offered.

Implications

A Thedata in this report suggests that all upstream programs successfully reach small customers, which are
typically more difficult and costlier to engage for both electric and gas PAs. Upstream programs typically use
energy efficiency measures that can be self -installed, that are largely interchangeable with the measures
they replace, and that have low technical barriers (i.e., they do not require extensive engineering analysis
or technical support.)

A The data also shows that a considerable proportion of upstream sales are to end users that also qualify for
the direct install program, with annual consumption < 1.5 GWh for electric, and < 40,000 therms for gas.
Additional measures  could also be successful via the upstream channel if they are similar in accessibility for
customers.

Total yearly small participants by upstream end use, electric and gas

60,000 4,000
3,500
50,000
3,000
.‘g 2
5 40,000 5
§ 8 2,500
c g
j=2} j=2}
£ 30,000 £ 2,000
g g
2 =%
o ©
'g £ 1,500
& 20,000 g
° S 1,000
2 3
£ 10,000 £
2 3 s
0 0
2011 2012 2013 2014 2015 2016 2011 2012 2013 2014 2015 2016
<=0.11 GWh <= 8,000 therms
Electric usage size bins Gas usage size bins
B Non-Upstream End Uses OUpstream HVAC ~ B Upstream Lighting B Non-Upstream End Uses O Upstream Food Service B Upstream Hot Water

A Small customers make up a substantial portion of electric and gas
upstream accounts. While only 48% of upstream lighting accounts match
to billing data, 83% of those consume < 1.5 GWh, and 53% of those
consume < 0.11 GWh (Sections 5.2 & 6.2).

As with lighting, 41% of 2016 upstream HVAC accounts match to billing

data, 91% of those consume < 1.5 GWh (Section 5.2).

For gas, 76% of upstream hot water records and 100% of upstream food
service records that match to billing data consume < 40,000 therms
(Section 6.2).
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The upstream hot water program experienced a

successful first year for the gas market. It
delivered 1.4 million therms in gas savings,

primarily to small and first -time gas
participants.
A The combined savings from upstream and non -upstream hot water programs

being captured solely via non -upstream.
A light of the upstream hot water program & success, there might be additional
. . measure types that these previously under - participating customers would be
|mp||Cat|0nS willing to install via the upstream program. Measures that can be installed with

attractive offering for such customers.

Total savings and incentive per therm saved, upstream and non -upstream hot water
1,800,000 $2.70 $3.00
1,600,000 <>

$2.50
1,400,000
’g 1,200,000 $2.00
g 1,000,000
= $1.50
% 800,000
£
& 600,000 $1.00
£ 400,000
[ $0.50
200,000
- $0.00
Hot Water Upstream Hot Water
B Total savings (therms) < Incentive $/therm saved

represented a 68% increase in hot water savings from 2015, and an even more
substantial increase  over historical values. This indicates that the savings from
gas upstream hot water provides additional savings that were not previously

minimal technical barriers, such as thermostat replacements, may represent an

Incentive $/therm saved

A The majority of 2016 upstream hot water participants were small
accounts: 78% consume < 40,000 therms, and 42% consume
< 8,000 therms (Section 6.2).

A 81% of 2016 upstream hot water participants were first -time gas
efficiency program participants (Section 6.2).
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KEY FINDING

Implications Highlights

A The data shows an increase in upstream lighting sales in
2014 and 2015, with lower sales in 2016. Despite the
decline in 2016, upstream lighting still contributed 22%
of the electric PA savings (Section 5.2).

A Lamp types purchased through upstream lighting appear
to vary from year to year. Screw -based lamps make up
the majority of upstream lighting measures sold each
year, but have steadily declined since a spike in 2014.
All upstream screw -based lamps installed in 2016 were
LEDs, almost evenly made up of A -lamps, downlights,
and reflectors (Section 5.2.1).

A In 2016, linear and other LEDs increased by 230% over
2015 and 2014 values. This increase was not sufficient
to compensate for the decline of screw -based lamps, and
overall, upstream lighting savings were lower in 2016
than in 2015 and 2014 (Section 5.2.1).

20112 0 1 ®reakdown of lighting projects by broad category

60,000 B Upstream Lighting Screw-Based Lamps
B Upstream Lighting Upstream Data Adjustment
50,000
O Upstream Lighting LED - Linear and Other (not
screw-based)
2
& 40,000 B Upstream Lighting Fluorescent - Linear and
2 Other (not screw-based)
©
g B Lighting Screw-Based Lamps
£ 30000
°
O Lighting Other / Custom
20,000 B Lighting LED - Linear and Other (not screw-
' based)
B Lighting Fluorescent - Linear and Other (not
screw-based)
10,000
O Lighting Controls
B Lighting Advanced Lighting Design
2011 2012 2013 2014 2015 2016
* DNV GL. Impact Evaluation of Massachusetts Commercial and Industrial Upstream Lighting Program . Massachusetts Energy Efficiency
Programs Commercial and Industrial Evaluation Contractor, 2017. These low installation rates may have been at least a partial driver in the

overall decline in lighting savings (11.5% lower than in 2015) for the first time since 2013.
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n Custom projects continue to provide substantial KEY
savings for both gas and electric accounts. These EINDING
projects play an important role in meeting PAs 0
savings goals.

Implication S Custom projects continue to support electric and gas PA savings
goals. While certain high  -saving custom measures, such as CHP,

contribute substantially to these goals, other custom projects can

help the PAs continue to meet goals, even in the absence of a

large project, such as CHP in a given year.

Custom incentive/therm saved and total savings by year, gas
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9 Custom projects continue to drive savings for the gas PAs. In 2016, savings
from custom projects were 16% higher than in 2015. Custom savings made
up 76% of total 2016 gas savings (as opposed to prescriptive and . .
upstream). HVAC controls and steam traps made up the most custom gas H |g h||ghts
projects (45%) in 2016; process measures made up 15% (Sections 6.2).

In2016, 50% of electric savings came from custom projects, rather than
prescriptive or upstream. Most 2016 custom electric projects were retrofit
lighting (62%), process (11%), refrigeration (8%), and HVAC (7%) (Section
5.2).

I Thehighest -saving electric projects in 2016 were custom process projects
done in Health Care and Social Assistance and Manufacturing from
Eversource and National Grid. Custom electric savings for Eversource were
driven largely by retrofit CHP, HVAC, and process projects. In contrast,
custom electric savings for National Grid were driven largely by retrofit
lighting projects (Section 5.3).
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Implications

KEY A Savings from HVAC projects (including electric HVAC) have

FI NDI NG been trending down since the introduction of upstream
HVAC measures.

Statewide, market penetration for HVAC is low for both
electric and gas. This provides evidence there are
opportunities for future HYAC engagement.

Further analysis into the more successful HVAC electric and
gas projects may reveal future opportunities to increase
HVAC projects and savings for both fuels.

Summary of HVAC as a share of annual gas and electric savings
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A For 2016, electric HYAC measures made up 3% of projects and 13% of total

. . electric savings. Gas HVAC measures made up 28% of 2016 gas projects, and
H |g hl|ght5 12% of savings (Sections 5.2 & 6.2).

A Of electric participants who installed either upstream or non -upstream HVAC
measures in 2016, 52% were from Eversource, and 42% were from National
Grid. These measures were installed primarily in Retail Trade, Professional
Services, and Accommodation and Food Services. The highest electric HVAC
savings in 2016 were from custom projects done by a few large Manufacturing
accounts from Eversource (Section 5.2.2).

A For gas, HVAC projects and savings decreased from 2011 to 2016. Most HVAC
participants in 2016 installed controls and boilers. 53% of gas HVAC
participants were from National Grid, 23% were from Columbia, and 16% were
from Eversource. Most gas HVAC projects in 2016 were in Educational
Services, Real Estate, and Professional Services (Section 6.2.2.).
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Control measures provided substantial savings for KEY
lighting and HVAC (electric and gas) projects in FINDING
2016.

The importance of lighting control technology as the next level of savings beyond
energy efficient bulbs and fixtures was discussed by the PAs and EEAC at the
2016 annual C&I planning summit. The substantial increases in lighting controls

in 2016 indicates that the PAs have begun capturing these opportunities.

Savings trends for HVAC controls and all other HYAC measures appear to move in
parallel across time for both electric and gas, but this is not always the case, as
seen in 2012.

Implications

Gross annual savings, controls vs. all other lighting and HVAC end uses
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KEY FINDING n

Aerators and spray valves remain a key driver
of gas participation and savings despite the
continued statewide decline in these numbers.

A Individual PAs may still have opportunities with these measures,

u . . similar to Liberty, which had 80% of its 2016 participants install
p||Cat|on S aerators and spray valves in 2016. This data, coupled with the
success of the upstream hot water program seen in Key Finding 3,
b suggests that aerators and spray valves could be incorporated into
the upstream hot water program to continue encouraging statewide

engagement in the future.

Contribution ratio distributions by PA - gas
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Highlights

A While aerators and spray valve installations declined statewide
again in 2016, for the 4th year since 2013, they still accounted for
23% of projects installed. This indicates that this offering is still an
important way for all PAs to encourage gas participation (Sections
6.2 & 6.4.2).
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2 INTRODUCTION

2.1 Project goalsand objectives

Theovera llgoalsoft he C&lI Customer Profile project are to integrate t|
tracking data into the MA C&I Evaluation Database, and to analyze this data in order to identify, quantify,
and report on the evolving trend s in the C&Il energy efficiency landscape, which in turn will inform

hypotheses for deeper research.
The objectives of the MA C&l Evaluation Database are:

1 To maintain customer -level data confidentiality
1  To provide a standardized, time -series, statewide view of ngdam PAsd tracking
1 To support a diverse and robust array of drill -downs and roll -ups of PA data, focusing on various
attributes that  provide unique insight into PA C&lI efficiency accomplishments
1 To minimize data requests on the PA teams

The C&I Customer Profile repor  t serves as the vehicle to aggregate and summarize the account - and

project -level details contained in the MA C & | Evaluati on Database, in aadEEACr dance wi
Consultantsd goal of

Generating  cross -PA views of the data at as granular a level a s feasible without compromising

customer or project data confidentiality A

2.2 Overview of approach

The 2016 C&I Customer Profile project consists of two major tasks, summarized in Figure 2-1:

Figure 2-1.Summary of primary project activities

/—

Task 1: Add 2016 C&l tracking and billing
data to the MA C&I Evaluation Database

Collect PA tracking and billing data for 2016

Organize and add data to the MA C&I Evaluation Database
Provide detailed documentation to the PAs on the status of data
completeness

= =a ==

Task 2:  Analyze and report the 2016 data and
historical trends

2016 C&l Expedited Customer Profile analysis and report
2016 C&l Comprehensive Customer Profile analysis and report

= =

4 This principle was articulated during the 2012 C&l Customer Pro file r eport and subsequently reaffirmed in the scoping,
analysis, and reporting for the 2013 C&I Customer Profiler  eport.
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2.2.1 Add 2016 C&l tracking and billing data to the MA C&l Evaluation
Database

This task consists of the following four steps:

1 Assess the sources and the completeness of data delivered, the quality of the variable -level data
including logical fit and consistency, and other key considerations needed by project teams

1 Document the steps taken to extract, transform, and load the billing and tracking data, to ensure
consistent and correct standardization

1 Conduct data maintenance to integrate 2016 data fields for use in linking time series and field survey
data

1 Produce a Summary of Data Completeness memo and apprise the PAs and EEAC Consultants of the final
field population and quality in the billing and tracking databases

2.2.2 Analyze PA tracking and billing data

The 2016 Comprehensive C&l Customer Profile analysis consisted of two pr imary tasks:

1. Create and finalize the Summary of Data Completeness memo T The Summary of Data
Completeness memo give s the PAs and EEAC Consultants the opportunity to sign off on the data prior to
DNV GLO6s anal ysis. Afdrsonofthenema n, PNVaGL avarked with any PAs who found
discrepancies in their data to resolve these and make sure the PAs were comfortable with their final
numbers before issuing a final version of the memo, and starting the Comprehensive C&l Customer
Profile reporting pr  ocess.

2. Perform the Comprehensive C&l Customer Profile analysis T DNV GL updated and continued to
build on the comprehensive analyses performed for previous annual C&l Customer Profile reports. We
incorporated the additional guidance received in the comment s on the 2015 C&I Customer Profile report,
and feedback from the individual PAs and EEAC Consultants . More specifically, our analysis included:

Updating the base analysis tables and charts from previous C&l Customer Profile reports with 2016

data, focusing on PA-level participation, average savings, participant -weighted savings, and average
participant savings
- Updating the detailed PA Summary Tables and the By -PA Breakdown Tables from the 2015 C&l

Customer Profile report

- Updating all time  -series analyses to include 2016 data and ensure we utilize any new data (e.g.,
building use) that can fill in missing data from previous years

- Conducting exploratory data analysis on the impact of very large projects in efficiency savings by
reporting on means, medians, an d other descriptive statistics or text where appropriate

- Investigating categories of measures implemented within end uses to understand the scale and
proportional savings contributions of the specific categories

- Updating the geographic information system ( GIS) analysis to:
Z Identify and quanti fy t-teeelsavingsycenaumptigneamd participationw n
Z Identify and quantify town -level aggregate participation from 2011 through 201 6 by raw and
consumption -weighted percentage
7 Identify and quantifyd ifferences in dual fuel PA  -served towns
Z Identify and assess notable trends from the address -level data
7 Update the Energy Use Intensity (EUI) maps from201 5
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DNV GL analyzed the PA data by calculating reporting statistics (account participation, consumption -
weighted participation, etc.) for a range of metrics at different levels of granularity. Specific details
concerning the metrics used in this report can be found in the Methodology section .

2.3 Organization of report

This report is organized as follows

1  Methodology (section 3) provid es details about any assumptions, caveats, and items of note used in
the analysis approach for the report. These details are important to both the electric and gas market
analyses.
1  Electric and gas combined summaries (section 4) presents details about the electric and gas
mar kets which | ay the foundation for each marketés detailed
presented in this section allow for comparison s across the markets.
1  Electric market analysis (section 5) and gas market analysis (section 6) contain the bulk of the
analysis performed for the 2016 C&lI Comprehensive Customer Profile report. These sections are

organized in a parallel structure to allow for easier movement across sections. The general structure of
each section is:

- Statewide results

- End use breakdown

- Industry sector analysis
- By PA summary

In the 2016 report , certain subsections in the report have been moved to Appendices. These include aspects
of the methodol ogy that are repeated from the 2015 report, anc
were previously part of the overall electric and gas market sections.

Throughout the report there are many observations and discussions of analysis that relate directly back to
the key findings presented in the Executive Summary (section 1) and the Conclusions (section 7). In order
to help guide the reader though each section, the following symbol has been added througho ut the report:

@\*» Look for this symbol for text that relates directly to key findings.
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3 METHODOLOGY

This section details the approach we used for the database development and analysis phases of the C&l
Customer Profile project.

3.1 Data acquisition

DNV GL begant he project by requesting 2016 tracking and billing data for all C&I customers from the
electric and gas PAs. Specifically, DNV GL requested:

1  Tracking data pertaining to the customers, projects, equipment, and vendors associated with 2016
energy efficiency measures
T Billing data including customer information and consumption records for each billing period in 2016

The data DNV GL received from the PAs contained a wide variety of file types and for mats . We thoroughly
reviewed the data and coordinated with the PAs to identify additional files to fill in data gaps. The bulk of the

data was received by the third quarter of 2017. Working in conjunction with the PAs, DNV GL continues to

refine, update, and load additional data into the MA C&I Evaluation Database to support other

Massachusetts C&l evaluation projects as new material becomes available during the project lifecycle. 5

For more detail on the data acquisition process and the original data request memo, please see s ection 8.2
in Appendix B.

3.2 Data collection and database development

This section provides information on the data collection and database extract, transform, and load (ETL)

process used to populate the central repository for all PA billing and tracking data. All detailed data is sto red
in a consistent format at the most granular level possible, in a framework that allows data summarization at

whatever level needed by PAs and EEAC Consultants for analytic undertakings. This task consists of the

following four steps:

1. Assessing the sources and the completeness of data delivered, the quality of the variable -level data
including logical fit and consistency, and other key considerations needed by project teams
2. Documenting the steps taken to extract, transform, and load the billing and tracking data to ensure
consistent and correct standardization assignments
3. Conducting data maintenance to ensure that 2016 data fields are integrated for use in linking time
serie s and field survey data
4. Producing iterations of the Summary of Data Completeness memo, consisting of comparison tables
bet ween PAG6s data in the database and PAds data in their BCF
distributed once all PAs signed off on their data as it stood in the database, and in their BCR models.

3.3 Data analysis
This sec tion details the data analysis that we conducted for this report. Our analysis included:

1 Alltables and figures presented in the 2015 Comprehensive C&l Customer Profile report

5/'n this r egard, each yeards Customer Profile presents a snapshotystatfcpictoreofdatar r ent MA C.
that will not ever be revised. As PAs identify new attributes that yield better insight into the data, DNV GL incorporates t hem into the MA C&lI

Evaluation Database and retroactively applies them to the time series data.
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1 Select tables from the Advanced Lighting Investigation and Exploration of HVAC Trends Deep Dive
reports finalized in 2017

1 Updates to the base analysis tables and charts from previous C&l Customer Profile reports with 2016
data, focusing on PA -level partic ipation, average savings, participant -weighted savings, and average
participant savings

1 Updates to the detailed PA Summary Tables and the By -PA Breakdown Tables from the 2015 C&lI
Customer Profile report

1 Updatesto all time -series analyses to include 2016 d ata, along with any new data that can be passed
forward from previous years6 data (e.g., building use)

T Updates to alll previous yearsé dat a

1 Exploratory data analysis on the impact of very large projects in efficiency savings, reporting on means,
medians, an d other descriptive statistics or text where appropriate

1 Investigation into end use measure categories to understand the scale and proportional savings
contributions of each category

1  Updates to the geographic information system (GIS) analysis to:

- ldentify and quantify t he c uwlevwlsavings, yansumgiian, ahdgparttipation for kwh,
GWh, ¢ therms, and joint MMBTU

- Identify and quantify town -level aggregate account participation from 2011 through 2016 by raw
and consumption -weighted percentage

- Generate town level kWh, GWh, therm s, and MMBTU contribution ratios for the current year and
2011 7 2016 period

- Identify and quantify differences in dual fuel PA -served towns

- Update the location level E Ul maps, charts, and supporting tables to reflect the tax d ata integration
successes from the ongoing PA Data Enhancement Project

DNV GL analyzed the PA data by calculating reporting statistics (account participation, consumption -
weighted participation, etc. listed below) for a range of metrics at different levels of granularity. 7 Figure 3-1
provides a visual representation of this analysis; calculation details are addressed below.

6 1GWh=1milli onkwh.
7 For 2016, based on PA and EEAC Consultant feedback, confidence ellipses were removed from the analysis.
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Figure 3-1. Representation of statistics, analysis grains, and metrics utilized in the C&I Customer
Profile report

.g Statistics Dg Analysis grains D’ Metrics

Our analysis involved generating the following statistics for the various analysis lenses:

1 Account participation. This metric identifies the ratio of accounts within the analysis population (e.g.,
industry sector, PA, etc.) that participated in energy efficiency programs. It can answer questions such
as, fAWhat percent of mampafradctumpiangdadcmoamt €f fi ci ency progr al
0QI>ANBR=NPE?E#2?PEKQGHE ¥J=HUDKH@H=PEKJ
0QI>ANBF??KQIHE HI=HUDKE@H=PEKJ

T Consum ption -weighted participation. This metric measures the proportion of all consumption that is
derived by participating accounts within a specific analysis population (e.g., indust ry sector, PA, etc.) .1t
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