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SECTION 1 - OVERVIEW AND CONTEXT BRIEFING
MASSACHUSETTS ENERGY EFFICIENCY SAVINGS
Massachusetts’ energy efficiency programs have consistently generated some of the highest savings in the
country, and the state has achieved the top ranking in efficiency from the American Council for an Energy Efficient
Economy (ACEEE) for four years in a row. The goals for the 2013-2015 plan as a percent of retail sales are
among the highest in the country with goals of 2.5% increasing to 2.6% over the life of the plan. The PAs have
consistently come close to meeting overall goals in the program, with the shortfalls primarily in the Commercial
and Industrial (C&I) sector. In 2013, the electric program administrators (PAs) achieved a statewide annual
reduction of 487 GWh and a lifetime reduction of 5,862 GWh. The gas PAs achieved a statewide annual reduction
of 24.7 million therms, or 323.3 million therms over the lifetime of the installed measures. This represents 2.3% of
annual electric usage and 1.2% of gas usage statewide. This is nearly equivalent to the electric use of the homes
in Lowell, Springfield, Taunton and Waltham combined, the gas use of the homes in Framingham, and the
greenhouse gas reductions equivalent to taking 137,400 cars off the road1
In 2013, the Commercial and Industrial (C&I) sector reduced its electric and gas load by 2.2% and 0.9%,
respectively. The table below shows the breakdown of 2013 savings by C&I initiative.

Program/Initiative
New Construction
Large Retrofit
Small Business
C&I TOTAL

Electric
Annual savings
% of sector
(MWh)
savings
215,009
349,260
103,293
667,562

32%
52%
15%
100%

Gas
Annual savings
(therms)
2,796,731
5,635,981
236,658
8,669,370

% of sector
savings
32%
65%
3%
100%

For both fuels, the majority of savings occur under the C&I Large Retrofit program, where most large custom
projects are captured. The New Construction program, which includes many prescriptive and upstream savings
opportunities, achieves about a third of the total savings. The Small Business initiative, which deals exclusively
with smaller customers (average peak demand less than 300 kW), is the smallest of the three, particularly for the
gas utilities due to the limited number of gas saving measures and/or opportunities found in businesses of this
size.
The charts below show the distribution of projects and savings by end use for electric and gas programs in 2011
and 2012 (averaged).2 On the electric side, a large majority of the projects addressed lighting, generating a little
under half of the total savings. Results for lighting in 2012 were about the same. In contrast, HVAC represented
8% of projects but 15% of savings. Finally, Combined Heat and Power (CHP) projects are relatively large in terms
of savings, making up 10% of total energy savings, but represent a fraction of the overall number of projects.
On the gas side, although the large majority of projects were for water heating measures, these were largely
aerators and pre-rinse spray valves with relatively small savings per project. In addition to the water heating
measures, gas savings were largely comprised of HVAC measures and custom retrofit projects, which include
some HVAC as well as significant contributions from industrial process measures.

1 For more information, see the 2013 annual report and the 2013 report to the legislature.
2 These charts are based on the DNV-GL 2012 C&I Customer Profile, and 2011 Customer Profile Project

http://ma-eeac.org/wordpress/wp-content/uploads/CI-Year-2012-Customer-Profile-Final-Report.pdf and
http://ma-eeac.org/wordpress/wp-content/uploads/Customer-Profile-Project-Revised-Final-Report-6.20.13.pdf

www.ma-eeac.org
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Portfolio mix is dynamic and can be significantly impacted by technology or targeted initiatives. This data is from 2011-2012, and may not represent
the current 2015 C&I measures and customers, but it is the most recent data that is available from EM&V studies. This high-level data is provided to
illustrate where savings come from and what customer segments were been participating in the programs in 2011-2012.

Table 1: Percent of Electric and Gas Participants and Savings by End Use, 2011-2012 Average
Electric Projects (%)
Measure
Building Shell
CHP
Compressed Air
Food Service
Hot Water
HVAC
Lighting
Motors/Drives
Other & Misc
Process
Refrigeration
Unassigned
Whole Buildings

Electric Savings (%)

0%
0.2%
0.9%
0%
0.4%
9.9%
69.8%
5.2%
0.6%
2.0%
9.6%
3.0%
0.2%
9.6

9.9

5.2

0%
15.0%
2.4%
0%
0%
19.3%
44.5%
5.9%
1.3%
7.2%
3.7%
0%
1.3%

www.ma-eeac.org

Gas Savings (%)

0.1%
0%
0%
15.4%
46.1%
35.3%
0%
0%
2.4%
0.6%
0%
0.1%
0%

0.2%
0%
0.2%
3.8%
44.2%
33.8%
0%
0%
6.2%
11.7%
0%
0.2%
0%

7.2
5.9

15.0
19.3

69.8

Gas Projects (%)

6.2

15.4

11.7

35.3

44.5
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Table 2: Percent of Electric and Gas Participants and Savings by Business Type, 2011-2012 Average

Sector
Education
Food Sales
Food Service
Healthcare
Industrial
Lodging
Office
Other
Public Assembly
Retail
Unclassified
Warehouse

Electric Participants (%)
Electric Savings (%)
6.3%
9.6%
8.6%
2.7%
8.8%
1.5%
20.9%
3.3%
4.1%
26.4%
6.6%
1.5%
6.6 6.3

8.6

26.4
20.9

www.ma-eeac.org

9.6

8.8

10.1

Gas Participants (%)
10.3%
10.9%
2.1%
12.4%
22.6%
2.6%
13.7%
9.1%
1.8%
10.1%
3.5%
1.3%

4.0%
4.2%
34.8%
2.1%
3.6%
1.2%
23.0%
3.2%
3.4%
8.7%
11.8%
0.1%

10.3
10.9
12.4
22.6

13.5%
1.1%
6.1%
9.8%
19.3%
1.8%
21.6%
5.1%
3.2%
5.6%
13.0%
0.3%

11.8

9.1

13.7

Gas Savings (%)

13.0

13.5

5.6

8.7
34.8
23.0
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CHANGES IN EFFICIENCY ENVIRONMENT FROM PREVIOUS PLAN
The technology, market and policy landscape related to efficiency is always changing. As such, Massachusetts’
efficiency programs constantly evolve to respond to shifts in the landscape. In addition, the programs are
modified over time to better serve customers and engage sectors and customer segments. The following recent
changes in the landscape relating to energy efficiency bear mentioning.


Most of the standards promulgated by the Energy Information and Security Act (EISA) of 2007
have now taken effect, lowering savings for CFLs and other screw-based LEDs and effectively
eliminating many types of linear T12 lamps3 from the marketplace.



Manufacturers continue to produce rapid improvements in LED lighting technology in terms of
efficacy (light output per energy input), color quality, controllability 4, light distribution, and
affordability. This helps to compensate for the lower savings from new EISA regulations.
Although EISA has caused higher baselines for many lighting applications, better and more
accessible.



Prices of natural gas have remained low by historical standards, particularly relative to oil.
However, prices have started to rebound in response to increased tightness in gas supplies to
New England which is expected to persist throughout the duration of the next three year plan.



With natural gas now the dominant fuel for power generation, wholesale electric prices have
become and will continue to trend closely with natural gas prices.



Efficiency efforts continue to shift the available savings opportunities away from a “widget-based”
approach and towards a system optimization approach. Strategic Energy Management programs
are growing rapidly in the northwest and accounting for 20% of total portfolio savings in some
cases.5.

In response to these and other factors, the PAs have implemented some major changes to their C&I programs.
These changes are resulting in continued program success and show why Massachusetts’ efficiency programs
continue to lead the nation.


The PAs implemented a statewide upstream lighting program that gives incentives directly to
lighting distributors rather than retail customers. This both increases the impact of the incentive
money and decreases barriers to participation in the program. The first full year of this initiative
was 2012.6



The Small Business initiative is fully integrated between electric and gas PAs. This integration
began during the 2010-2012 Three-Year Plan and is now in place statewide. A customer may
work with a single vendor to identify and install both electric and gas measures; the customer
does not need to participate in multiple programs with multiple utilities. However, as evidenced by
the relatively low Small Business gas savings, there is still room for increasing participation and
the number of installed gas measures, and therefore savings. The PAs are addressing this in a
number of ways including by providing training for the Small Business vendors to help them
identify more gas opportunities.



The PAs have made significant progress towards tailoring their marketing approach and program
offerings to specific sub-segments of the C&I market. For example, new initiatives for
municipalities and grocery stores have made progress in increasing participation and savings in
these important market segments.

3 http://ma-eeac.org/wordpress/wp-content/uploads/T12-Phase-Out-Market-Research-Final-Report.pdf
4 http://ma-eeac.org/wordpress/wp-content/uploads/Lighting-Retrofit-Control-Measures-Final-Report.pdf
5 http://swenergy.org/publications/documents/Utility_SEM_programs_03-2013.pdf

http://aceee.org/files/proceedings/2013/data/papers/4_011.pdf
6 http://ma-eeac.org/wordpress/wp-content/uploads/Upstream-Lighting-Impact-Evaluation-Final-Report.pdf
www.ma-eeac.org
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EM&V RESULTS
Massachusetts’ efficiency programs are supported by a council of stakeholders as well as a robust array of impact
and process evaluations. In the past year, the Council and the evaluation reports have made numerous
recommendations that could be implemented in the coming program years. These recommendations include:


Increased Focus on Mid-Sized Customers. Based on information from the Mid-Sized C&I
Customer Needs Assessment7, released in December 2013, as well as the 2012 C&I Customer
Profile Report8 issued in September 2014, mid-sized C&I customers (those with average peak
demand between 300 and 750 kW) could be considered underserved relative to small and large
customers. The customer profile report states “The diversity of mid-sized businesses, coupled
with the need for more customized solutions restricts the effectiveness of the small business
program, and its primarily lighting contractors, to meet the needs of the large number of mid-size
firms. However, the number of mid-size accounts is too great for direct PA account management,
7
alone, to service effectively”. Recommendations from the report included increasing the number
of energy service firms to provide comprehensive solutions, lowering capital and administrative
costs to improve paybacks, increase multi-measure program offerings, and continuing to improve
marketing strategies for mid-sized customers.



Small Business. The recent Small Business Process Evaluation found that relatively few gas
measures are being installed through this program. Five out of six PAs are not currently meeting
gas goals, all are under budget, and only five percent of customers proceed to have gas
measures installed through other programs. Further, the process evaluation found that 89% of the
electric savings come from lighting, with another 6% from refrigeration for food service customers.
This leaves significant room in the Small Business initiative for non-lighting measures. Additional
gas and non-lighting electric savings would greatly contribute to more success for the Small
Business initiative. The PAs have been actively planning changes to the offerings and delivery
models for Small Business initiative.

REPORTING


Expanded Initiative Level Reporting. Currently the C&I programs are categorized into two
programs and three initiatives. The New Construction Program has no associated initiatives,
while the Retrofit Program is divided into the C&I Retrofit Initiative for large customers and
custom projects and the Small Retrofit Initiative (Direct Install). In contrast, the residential sector
divided into seven initiatives. With the C&I sector generating the majority of portfolio savings, the
low number of C&I initiatives makes it difficult to know which C&I program offerings are
succeeding and which are underperforming. Expanded initiative level reporting has already been
requested by the Council and would enable the PAs and the Council to better understand how the
programs are performing and where savings are being generated. Potential initiatives for
reporting are upstream lighting, other upstream efforts, CHP, true new construction as opposed to
replacement on failure, and equipment replacement.

7 http://ma-eeac.org/wordpress/wp-content/uploads/Mid-Size-Customer-Needs-Assessment-Final-Report-12.22.13.pdf
8 http://ma-eeac.org/wordpress/wp-content/uploads/CI-Year-2012-Customer-Profile-Final-Report.pdf
www.ma-eeac.org
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SECTION 2 – CHP BRIEFING
DEFINITION
The EPA definition of Combined Heat and Power (CHP), also known as cogeneration, is the simultaneous
production of electricity and heat from a single fuel source such as natural gas, biomass, biogas, coal, waste heat,
or oil. The generated electricity displaces grid power and at least 65% of the recovered heat displaces
boiler/furnace heat and is delivered to the customer’s thermal loads such as domestic hot water heating, space
heating, process heat, or cooling (by means of an absorption chiller). CHP can also be implemented at sites
where a percentage of process heat that would otherwise be wasted is recovered and put to use to make
electricity.
A typical CHP system will consume up to 35% less fuel to deliver a given amount of electricity and heat to a
customer’s facility than would be the case if the source of the electricity is the grid and the heat is supplied
separately by an on-site boiler or furnace.

BACKGROUND
CHP is applicable to a wide range of customers including industrial (process, data centers), commercial (office
buildings, recreation, hotels), wastewater treatment, agricultural, and institutional (colleges, high schools,
hospitals, nursing homes). Multifamily residences can be also good commercial candidates for CHP.
There are multiple technologies used to generate CHP. The most common in MA are reciprocating engines,
followed by combustion turbines, boiler/steam turbines, combined cycle systems, and waste heat recovery. Newer
technologies include fuel cells and microturbines, which are more expensive but eligible for federal tax credits. 9
Most CHP systems are sized based on the thermal load, to be able to use all of the recovered heat, rather than
the electric load to maximize their cost- effectiveness. Above 5 MW, gas turbines have a net power cost of 6 cents
per kWh or less.10 For systems smaller than 5 MW, reciprocating engines provide the lowest estimated net power
cost11 of between 6.25 and 8.25 cents per kWh. In the 1 to 6 kW range, there are now residential/small
commercial scale CHP systems with reciprocating or Stirling engines called micro-CHP.
Natural gas is the most common CHP fuel in MA, followed by biomass, wood, waste or waste heat, and anaerobic
digester gas.12 CHP systems using fossil fuels qualify for the Alternative Portfolio Standard, while those using
eligible biomass or anaerobic digester gas qualify for the Renewable Portfolio Standard.13 In 2013, the total
statewide installed capacity was approximately 458 MW 14, whereas the economic potential by 2025 has been
estimated at 1,800 MW.15
CHP systems have been an electric efficiency measure since 2010 in MA. Electric energy and peak demand
(summer and winter as applicable), and the system-wide reduction in gas consumption by grid electricity
generators are claimed as savings, whereas the net increased consumption of on-site gas is claimed as negative
gas savings. For CHP systems which qualify for the CHP measure incentive, the total net gas consumption
savings claimed for combined heat and power systems must be positive. The 2013 installed CHP projects
9 http://www.dsireusa.org/incentives/incentive.cfm?Incentive_Code=US02F
10 http://www.energy.ca.gov/2012publications/CEC-200-2012-002/CEC-200-2012-002.pdf
11 Net power costs represent the sum of the levelized amortized capital costs at 10% return, the operating and maintenance

costs, and the net increase in fuel costs after avoided boiler fuel is subtracted – on a dollars per kilowatt basis. The
resulting value is equal to the avoided cost of power that would provide a 10% rate of return
12 http://www.eea-inc.com/chpdata/States/MA.html
13 http://www.mass.gov/eea/energy-utilities-clean-tech/renewable-energy/rps-aps/rps-and-aps-program-summaries.html
14 http://www.mass.gov/eea/images/doer/energy-dashboard/progress-implementing-clean-energy/renewable-energyinstallation-chart-3.png
15 http://ceeep.rutgers.edu/wp-content/uploads/2013/11/CombinedHeatKEMA2008.pdf
www.ma-eeac.org
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represent 62,145 MWh of savings or nearly 10% of the entire C&I portfolio for the year.16 CHP accounted for
5.7% of C&I savings in 2012 and 24% in 2011.17.18
Barriers to investment in CHP systems may include limited customer knowledge of these systems, natural gas
costs, the cost of design and engineering, available on-site installation space, lengthy implementation cycles, high
first costs, high standby rates, interconnection regulations, environmental permitting requirements, variable fuel
prices relative to electric costs (the spark spread19), and on-going operational and maintenance (O&M) costs and
related resource commitments. In addition, federal tax incentive for CHP systems are set to expire at the end of
2016 which may affect the economics and potential adoption of these units in the future. On the other hand,
Massachusetts’ policies towards CHP are highly favorable; the Commonwealth tied Connecticut for the top score
with respect to CHP-related policies in the most recent ACEEE State EE Scorecard rankings.
The Mass Save program requires all CHP projects to pass a Benefit/Cost Ratio test to be eligible for incentives.
Incentives are offered on a three tiered system for retrofit projects at existing facilities. Tier 1 projects are eligible
for incentives of up to $750 per kW. Additional energy efficiency opportunities are to be identified and discussed
prior to CHP application submittal. Tier 2 projects are eligible for $1000/kW for systems under 150 kW, or up to
$950/kW over 150 kW in size. Tier 2 customers must complete an ASHRAE Level 1 audit and agree to complete
all identified energy efficiency projects with a simple payback of less than three years within 18 months. Tier 3
projects are eligible for $1200/kW for projects under 150 kW, and up to $1100/kW for larger capacities. Tier 3
customers must complete an ASHRAE level 2 audit and reduce site energy consumption by 10%. CHP projects
for new construction must meet applicable codes and are eligible for Tier 1 incentives. 20

ENERGY EFFICIENCY ADVANCEMENT OPPORTUNITIES
Most CHP systems deployed in Massachusetts between 2010 and 2012 were between 50 kW and 500 kW in
size, considered “small” by CHP standards. 21 While there are fewer opportunities for large (1-5 MW) and district
size (5 MW+) systems, and the time to develop such projects can be long, the electric savings can be substantial,
and do make up a majority of kWh generated by CHP in MA. Alternatively, while the savings from
residential/small C&I scale micro-CHP systems are small, there are many potential customers. Offering prepackaged solutions for micro-CHP to take advantage of replacement or new construction opportunities could
expand the number of CHP projects.
Packaged or third-party operated CHP systems may be able to overcome the barriers of capital costs, ongoing
maintenance costs and expertise, and the difficulties of permitting and design. These barriers are significant and
may even lead to CHP systems being underutilized or even shut down. Outsourcing the procurement and
operation of CHP systems to a third party could make it easier for customers to make the decision to install CHP.
Packaged systems, which can come in 100 kW skid-mounted modules, can reduce engineering and installation
costs. Some packaged systems also include integrated absorption cooling, thus providing heat, power, and
cooling, which can further reduce engineering costs.22
It is also possible to size smaller CHP systems on typical thermal load profiles, and then apply a single design to
multiple sites that fit the profile. For example, a design could be developed that matches a hotel with a minimum
number of rooms and certain other characteristics that drive the thermal load, such as laundry services. Current
PA barriers to smaller CHP systems (up to 200 kW) include the need for PAs to perform engineering studies to

16 Table 4-1, DNV-GL, DRAFT report: Select Preliminary 2013 Customer Profile Tables, Charts, and Maps
17 http://ma-eeac.org/wordpress/wp-content/uploads/2012-CI-Customer-Profiles-Report-Public-Webinar-on-9-16-14.pdf
18 http://ma-eeac.org/wordpress/wp-content/uploads/2012-CI-Customer-Profiles-Report-Public-Webinar-on-9-16-14.pdf
19 The spark spread is essentially the difference between the market price of electrical energy and the cost of generating it,

which is primarily determined in New England by natural gas prices.
20 http://www.masssave.com/~/media/Files/Business/Applications-and-Rebate-Forms/A-Guide-to-Submitting-CHP-

Applications-for-Incentives-in-Massachusetts.pdf
21 http://ma-eeac.org/wordpress/wp-content/uploads/Combined-Heat-and-Power-2011-12-Program-Evaluation-November-

2013.pdf
22 http://www.plantengineering.com/single-article/packaged-chp-systems/ef6930333148221ea355cf890b762001.html
www.ma-eeac.org
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qualify projects for incentives. Simplification of the qualification process for pre-engineered systems up to 200 kW
for specific applications could reduce this barrier.

KEY QUESTIONS


How can more CHP projects be promoted and developed?



How do these recommendations differ between small and large CHP installations?



Does it make sense to develop standard CHP designs for certain customer types, and then
approach those customers with the pre-engineered design, or are customer profiles too diverse to
establish a standard for CHP design?

NEXT STEPS FOR DRAFT PLANS


Identify barriers to doing more CHP projects with customers of each size, and determine if the
barriers are technical, policy, financial, or market issues. How do the barriers for each customer
size correlate with their market potential?



Identify potential solutions to overcome the identified barriers, and determine the feasibility, costs
and ability of the Program Administrators to implement the solutions.

www.ma-eeac.org
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SECTION 3 – RETROCOMMISISONING BRIEFING
DEFINITION
Retrocommissioning (RCx) is the process of applying a rigorous testing, verification, and upgrade protocol to
existing building control system to identify and correct operational deficiencies. RCx can be coupled with a
monitoring system which uses metering and software to provide energy performance feedback directly to building
operators and/or PAs. RCx that is facilitated by such a monitoring system is called monitoring based
commissioning (MBCx).

BACKGROUND
There are currently two opportunities for customers to engage with the PAs on retro-commissioning in MA.23
1. The first program is the pay-for-performance MBCx offering which requires the customer to overcome all
barriers associated with RCx, install the project, and verify their savings before they receive an incentive.
There has been limited interest in this offering for two key reasons: from the PA sales perspective, the
savings have short measure lives and sales goals are based on delivering lifetime kWh. Therefore PA
sales people tend to promote other strategies that have fewer barriers and longer measure lives. In
addition, the MBCx offering places the onus on the customer to figure out their opportunities, who to hire,
invest in costly engineering studies and monitoring equipment, implement measures and verify their
savings. This program design also does not adequately address the primary barrier to RCx which is
reluctance to invest in $30,000 - $100,000 engineering studies which may be considered a riskier
investment than equipment upgrades by decision makers.
2. The second program is available only to larger customers. These customers may be able to undertake a
custom RCx project in which the PAs provide an upfront incentive to offset half the cost of the engineering
study. This is a statewide approach across PAs, although the utilization of this program may vary.
RCx engineering studies seek to identify low/no cost upgrades to building operations which can be accomplished
through tuning existing controls, updating sequences of operation for equipment and installing new control points
to enhance system capabilities. In addition these studies often identify capital investment opportunities that will
improve system operations and increase energy efficiency. Common capital improvements found during RCx
studies include variable speed drives for fans and pumps, chiller replacement projects, replacement of legacy
control systems to improve control capability and upgrade of constant volume or dual duct air handling systems to
more efficient variable air volume systems. In the last 3YP the PAs committed to study RCx best practices with
the Consultants and to implement the best practices. The study was completed and the PAs are in the process of
evaluating the recommended practices and are planning to implement, or have implemented, some of those
recommendations.

ENERGY EFFICIENCY ADVANCEMENT OPPORTUNITIES
As found in the Retro-commissioning Best Practice Study24, the most successful RCx programs in the country
include a few key elements to address customer reluctance to invest in engineering and ensure ongoing savings
for measures. These include:


RCx programs in other states may pay 100% for the engineering study with an agreement that
the customer will implement all measures up to a cost of $0.25/square foot or a two year

23 The PAs are in the early stages of developing a RCx offering for the healthcare sector. This offer is not addressed here,

but could be a model for further expansion of RCx to other sectors.
24 Study prepared by the EEAC Consultants with input from the PAs in 2014. http://ma-eeac.org/wordpress/wp-

content/uploads/EEAC_CT_RetroCommissioningBestPracticesStudy.pdf
www.ma-eeac.org
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payback.25 It should be noted that Massachusetts PAs typically do not support subsidizing 100%
of any engineering analysis or technical study without a firm commitment from customers
regarding implementation of cost-effective EEM resulting from said study.


Develop standardized tools for analysis and reporting and provide training to market actors in
their use and in the opportunities and protocols for providing RCx services within the energy
efficiency program.



Develop focused scopes of work in the planning phase. One issue that is common with whole
building RCx is that an engineering study can cost $30,000-$100,000 and the resulting study is
voluminous and daunting to the owner who may take no action. A alternative approach is to
collaboratively define the top priority areas and focus there first. This supports an ongoing
relationship with the building operators and the commissioning authority who continues to work
toward whole building commissioning over time building on the success of each preceding
project.



Maintain commissioning authority involvement over the life of the project.

Pros of RCx: The savings potential for RCx is significant and highly cost effective. Lawrence Berkeley Lab has a
group dedicated to studying commissioning. They have a database of over 640 commissioning case studies
(both new and existing buildings that have completed commissioning). Their most recent study 26 indicates that
over 10,000 energy related deficiencies were identified and corrected through the process of commissioning
these buildings. For existing buildings in the study, retro-commissioning delivered 16% median whole building
savings at an average cost of $0.30 per square foot and a payback of 1.1 years. BC Hydro has been operating
an RCx program for its customers with over 100,000 square feet and has achieved 60% market penetration over
8 years.
Cons of RCx: RCx measures including revised set-points, repaired damper actuators, etc. may not persist
because operators don’t have the capacity to maintain the control components or to reset controls appropriately.
It may be necessary for any RCx Program to include follow-through to maximize the life of the upgrades.
However, damper actuators failure occurs periodically even with follow through. If an aggressive RCx initiative is
being recommended there needs to a specific discussion on how to address strategies to mitigate evaluation
impacts (including keeping a Commissioning agent involved). This may entail both front end changes to
implementation as well as back end changes to the way in which these RCx measures are evaluated.
Additionally, MA evaluation results have lowered gross savings for RCx projects in the past because of the lack of
persistence.
Another issue is that RCx studies will often identify capital improvements which have long measure lives and
deeper savings, but the capital project, when implemented, is tracked separately from the cost of the study that
identified it. Therefore the full benefit of the RCx study may not be realized.

25 A customer with a 100,000SF building would expect to pay a maximum of $25,000 to implement the measures

recommended in the report; should a larger investment be required, the PA then cost shares the investment
26 http://cx.lbl.gov/documents/2009-assessment/lbnl-cx-cost-benefit.pdf
www.ma-eeac.org
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KEY QUESTIONS
Some key questions that the Council may want to explore during the workshop include:


Is RCx a good entry point for holistically looking at building systems and energy use to identify
comprehensive savings? If not, what are the alternatives?



What approaches will most effectively address barriers to RCx?





For customers, what approach addresses the up-front costs and uncertainty associated
with investing in a study?



For PAs, how to address the fact that the short measure lives associated with RCx make
it less desirable for the PAs to pursue? What is necessary for the PAs to claim savings
for retrofit of existing control systems?

Is RCx a market transformation opportunity? What resources would be needed to deliver a larger
RCx initiative? Do those resources currently exist in MA? If not, what can be done to build
capacity to delivery RCx?

NEXT STEPS FOR DRAFT PLANS
1. PAs provide information estimates of savings potential for RCx.
2. PAs include specific commitments to advance RCx in the three year plan to take advantage of the
opportunities for improvement noted above.

www.ma-eeac.org
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SECTION 4 – BUILDING CONTROLS BREIFING
DEFINITION
Building controls/building automation systems (BAS) are the automated controls for building systems or
processes using digital, analog and pneumatic devices. Legacy controls are control systems that are on older
platforms that have limited flexibility and typically have low levels of support from control vendors. Legacy
systems often lack the capability of modern control systems. Operating a building on a legacy control system is
similar to trying to work on a 10-20 year old computer – they typically cannot support modern software, are slow,
and are increasingly prone to failure due to their age.
Lighting controls are primarily occupancy sensors that turn lights off when a room is unoccupied, but controls also
include daylight sensors that dim lighting when the sun provides enough light and other custom strategies.
Advanced/Networked lighting control systems can dim and turn lighting on and off by area, floor, or for whole
buildings.

BACKGROUND
Automated controls have been installed in buildings since the 1950s. Early adopters, such as health care
institutions, universities, and large owner-occupied office buildings, tend to have a significant amount of building
stock controlled using legacy BAS equipment and software. Legacy controls are often overridden over time to
address control deficiencies and comfort complaints. Retro-commissioning can bring controls back into spec, but
often more modern control strategies cannot be implemented using legacy controls due to limited input/output
capacity, outdated software, and lack of sensors and actuators. In addition, older legacy systems often include
pneumatic controls which operate equipment using compressed air. An example of the impact of legacy controls
on energy consumption is provided at the end of this brief.
There are tens of thousands of buildings with legacy BAS controls. These buildings provide an opportunity to
increase operating efficiency through control system upgrades coupled with a thorough commissioning process to
ensure controls are optimized. These upgrades could also be coupled with sub-metering and fault detection and
diagnostics.
The MA PAs currently offer custom incentives for BAS control upgrades as a subset of Energy Management
Systems under the Large Retrofit program and prescriptive rebates for small commercial control measures. In
2013, custom building controls in the Large Retrofit program totaled 103 projects and accounted for 20,000 MWh,
about 3.2% of all C&I savings.27 The PAs have the following eligibility requirements 28:


Only the installation of a new EMS or expansion of an existing system to control additional
equipment is eligible for incentives.



EMS must be installed in an existing building on existing equipment. The installation of EMS on
new equipment is not eligible for incentives.



The replacement of an operating EMS or existing control points or a software upgrade is not
eligible for incentives.

Lighting controls are incentivized through the programs both on a custom and presecriptive 29 basis, for both
retrofit and new construction projects. Occupancy sensors are most common installed measure, account for the
most savings, and are typically a prescriptive project. Custom projects are second in terms of overall savings.
Lighting controls have seen a 60% decline in savings from a high in 2010 through 2013. The reasons for this
decline are unclear but could include equipment costs, marketing, rebates, vendor technical awareness, changes

27 DNV-GL, Draft 2013 Customer Profile Select Preliminary Charts and Tables Memo, Table 4-1
28 http://www.masssave.com/business/incentives/Energy-Management-Systems-Retrofit
29 http://www.masssave.com/~/media/Files/Business/Applications-and-Rebate-Forms/Retrofit/Lighting-Controls-Retrofit-Form-

Mass-Save.pdf
www.ma-eeac.org
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to the building code, and possible market saturation. 30

Example: Energy Impacts of a Legacy Control Failure
Many commercial buildings constructed or renovated since the 1980s have variable air volume (VAV) systems
that are used to provide heating, air conditioning, and ventilation to occupied spaces. These systems supply
constant temperature air and each zone has a VAV box that modulates the flow of air into the space to maintain
the thermostat setpoint and provide ventilation. These boxes contain dampers that open and close to vary
airflow.
Buildings with pneumatic controls on the VAV boxes, which are common in Massachusetts, are blind to the state
and operation of each box. A modern controls system can monitor the position of the damper and provide a fault
notification if the damper is not responding to control signals. Prompt action by facility personnel to fix the damper
can reduce wasted energy. An older HVAC system with pneumatic controls and multiple failed dampers will
provide no fault notification, and may use 30% more energy than necessary.

ENERGY EFFICIENCY ADVANCEMENT OPPORTUNITIES
An effort focused on upgrading legacy controls has synergies with the retro-commissioning and submetering/Fault Detection and Diagnostics (FDD) approaches. Setting a goal of peak performance for MA C&I
building stock should include upgrading legacy controls to modern BAS controls. Adding commissioning, submetering and FDD could achieve an unprecedented level of comprehensiveness in HVAC system optimization
and maximize the savings from these investments.
A program offering incentives for early replacement for outdated BAS controls may address the issue of building
owners hanging onto outdated and inefficient but operational systems.
A shift away from occupancy sensors as the main source of lighting controls savings to other technologies may
provide an increase in savings from lighting controls. Advanced/Networked lighting controls, wireless controls,
and dimming show the most promise, and the office and small business market sectors offer the best potential. 31
In addition, LED lighting can come with integrated controls or can be tied into an advanced system.

KEY QUESTIONS


How should the Three Year Plan address legacy control systems?


Should the current programs be expanded or are they sufficient?



Should replacement of older EMS systems be included in the programs?



How should controls outside of an EMS system (e.g., networked Wi-Fi thermostats) be
included?



What are the market and program barriers, if any, to advancing such an initiative?



What is the best way engage existing business partners and market experts to target these
legacy system opportunities wand is it cost-effective to do so?

NEXT STEPS FOR DRAFT PLANS


Identify the technical, policy, financial, or market barriers to the retrofitting or early replacement of
legacy building systems.



Identify potential solutions to overcome the identified barriers, and determine the feasibility, costs
and ability of the PAs to implement the solutions.



Understand the incremental effectiveness of new controls on existing building systems and the
resulting cost-effectiveness.



Identify potential solutions to increase the installation of lighting controls beyond occupancy
sensors.

30 http://ma-eeac.org/wordpress/wp-content/uploads/Lighting-Retrofit-Control-Measures-Final-Report.pdf
31 http://ma-eeac.org/wordpress/wp-content/uploads/Lighting-Retrofit-Control-Measures-Final-Report.pdf
www.ma-eeac.org
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SECTION 5 – SUBMETERING AND DATA ANALYTICS
BRIEFING
DEFINITION
Sub-metering is the practice of installing meters downstream (on the customer side) of the main utility meter to
determine where and how energy is being used. Examples of C&I applications include metering whole buildings
that are part of a campus, metering lighting panels, metering motor control centers, or metering individual pieces
of equipment such as an air compressor. Advanced meters can be linked into a data processing system that can
aggregate, analyze and report the results.
Data Analytics is the practice of analyzing building and system data to discover useful information. Two areas of
data analytics are the focus of this brief:


Fault Detection and Diagnostics (FDD) is the analysis of data available from the building
automation system (BAS) or programmable logic controls (PLC) to identify deficiencies or
changes in the operation of the systems controlled by the BAS or PLC.



Performance Monitoring and Metrics is the analysis of metered energy data and BAS/PLC data to
assess building or system energy performance and compare that performance to an established
benchmark or metric.

Data analytics coupled with building operator intervention and streamlined, end user oriented reporting of issues
enables achieving and maintaining operation of systems production lines and buildings at peak performance. 32

BACKGROUND
C&I buildings are a complex system of interacting subsystems and most are unique “one off” designs.
Interactions between systems and even between equipment within a single system are complex and are often not
fully understood by building operators. Sub-metering in and of itself is not an energy efficiency measure, because
it does not produce direct, verifiable, cost-effective energy savings. Sub meters are data gathering devices, and
depend on building operators acting upon building operation data (BAS, automated analysis and reporting of
system “faults”, etc.) to operate buildings, systems and production lines at peak performance levels. Submetering and building data measurement is essential to understand detailed building operations.
Sub-metering is well developed in terms of technology, availability and general acceptance by the market, but
only a small number of buildings have sub-meters installed. Although a wide variety of metering and data
collection products are available, effective aggregation and reporting of sub-metered data to building operators
remains uncommon.
Data analytics and reporting is newer to the market but is a burgeoning field at the frontier for energy efficiency.
Analytics can also be done at the utility meter level; sub-meters can be helpful, but are not required for this. With
mature energy efficiency programs it becomes increasingly necessary to garner the savings that result from
ensuring equipment is operated at optimal efficiency on a continual basis. Use of data analytic platforms is
growing quickly.33
Massachusetts does not directly offer incentives for sub-meters or data-analytics platforms. While sub-meters and
data analytics are enabling technologies, they do not directly result in energy savings. MassSave offers incentives

32 Peak performance is defined here as providing the desired outputs such as occupant comfort, fresh air, production, etc.

with the minimum energy input.
33 “Skyspark” is an example of a data-analytics platform that is currently in use in the market. Reference of this product is

neither a recommendation nor an endorsement and is provided for information only.
http://www.skyfoundry.com/file/8/SkySpark-Overview-Brochure.pdf
www.ma-eeac.org
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for meters indirectly as part of newly installed Energy Management Systems 34, and for data analytics through the
Pay for Performance for Retro-Commissioning and Monitoring Based Commissioning services program based
upon realized electric and gas savings.35 Commissioning is a form of data analytics, as are continuous energy
improvement and behavioral programs that provide real time feedback, thus enabling and encouraging energy
savings actions.
New York City has passed legislation, Local Law 88 Article 311 36, which will require commercial tenant spaces of
10,000 square feet or more to be sub-metered by Jan. 1, 2025. MA House Bill H 2963 looks very similar to the
New York City Law, and is currently being studied. 37
Massachusetts has a number of leading energy data analytics companies with headquarters here. National Grid,
working in collaboration with the National Renewal Energy Laboratory (NREL) is developing building energy data
analytics capability using a combination its customer data and a variety of commercially available data products.
DOER allocated $9.7 Million in funds from the American Recovery and Reinvestment Act to install 1,291 meters
at 469 state-owned buildings, one of the largest sub-metering projects in the United State.

ENERGY EFFICIENCY ADVANCEMENT OPPORTUNITIES
Some efficiency programs directly provide incentives for sub-meters, but this practice is usually in support of a
specific program such as NYSERDA38 or Hawaii Energy39 multifamily programs. Installing sub-meters in a
multifamily building can lead to more accurate and detailed billing of direct energy costs for individual customers.
These customers, as a result of this data, may alter their consumptions and could reduce energy use by up to
20%.40 However, claiming this type of savings would require implementing a behavior program.
Energy Trust of Oregon and Efficiency Vermont provide custom incentives for meters as part of their Strategic
Energy Management/Continuous Energy Improvement programs. Savings are claimed by Energy Trust using
data that is collected by the meters and then used in regression models.
Efficiency Vermont is shifting some money that would be spent on temporary meters used for verification to help
subsidize permanent meters for large customers. For customers who do large projects every year, it can make
sense to pay for permanent sub-meters once as opposed to recurring temporary meter rental and installations.
Customers with a strategic energy management plan might be good candidates. Efficiency Vermont and
Burlington Electric Department have also supported projects that included energy performance monitoring and the
development of metrics to baseline energy use prior to project implementation. Savings were then claimed based
on final measured impacts.

34 http://www.masssave.com/business/incentives/Energy-Management-Systems-Retrofit?p=45368cf8-3228-449b-8204-

7ea7d3f7f227
35 http://www.masssave.com/~/media/Files/Business/Applications-and-Rebate-Forms/Retrofit/Pay-for-Performance-Retrofit-

Form-Mass-Save.pdf
36 http://www.nyc.gov/html/planyc2030/downloads/pdf/ll88of2009_lighting_upgrades_and_sub-meters.pdf
37 https://malegislature.gov/Bills/188/House/H2963
38 The Advanced Sub-metering program offers financial incentives that pay for up to 50% of the cost of sub-meters, up to

$250 per unit. http://www.nyserda.ny.gov/All-Programs/Programs/Submetering-for-Master-Metered-Buildings
39 Hawaii Energy offers an incentive of $150 per unit (up to 50 percent of the total project cost) for sub-meters used for billing.

http://www.hawaiienergy.com/submetering
40 https://www.nyserda.ny.gov/About/Publications/Case-Studies/Advanced-Submetering-Case-Studies
www.ma-eeac.org
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There are several potential integrated approaches that sub-metering and data analytics can help enable that may
help buildings to maintain peak performance. The overarching opportunity is moving building operators into a
mode of continual operation at peak performance:


Develop baseline building and system energy performance with sub-meters and performance
monitoring



Use meter data to help identify energy and demand saving opportunities through retrocommissioning



Use sub-metering data feedback to help operators maintain savings from retrocomissioning
projects



Install FDD software



Compare operating energy and data to benchmarks and identify trends and faults through data
analytics



Use real time feedback and fault detection to enable continuous energy improvement



Allocate energy use to tenants, individual buildings in a campus or individual departments to drive
reductions in consumption through behavioral changes

KEY QUESTIONS
Some key questions that the Council may want to explore during the workshop include:


What incentive structure would be attractive enough to customers such that they would invest in
sub-metering or data analytics as a standalone energy efficiency measure?



What programs are in place to verify savings from controls, RCx, and behavioral programs?





Should certain programs, such as behavioral programs, require sub-meters to be
effective and verifiable?



Should sub-meters also require some kind of energy savings program (behavioral,
building operator training, etc.)?

What level of sub-metering is necessary for energy efficiency?


How can data analytics and sub-meters be linked to ensure that meters that are installed
(and incentivized) are used effectively? This currently happens through the Pay for
Performance program.

NEXT STEPS FOR DRAFT PLANS


Look for ways to integrate sub-meters and data analytics into existing programs cost effectively.
This could include integration into M&V activities in addition to the regular efficiency programs.



Consider new programs such as behavior or continuous energy improvement, which use submetering and data analytics to help document, calculate, and claim savings.

www.ma-eeac.org
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