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DNV
1 EXECUTIVE SUMMARY

New Hampshire statute establishes several principles for the state’s energy efficiency programs, including that “utility
sponsored energy efficiency programs should target cost-effective opportunities that may otherwise be lost due to market
barriers.”" The statute does not establish a specific definition of market barriers, or related terms such as cost-effectiveness.
However, in the 2022-2023 NHSaves Plan, the NH Utilities provided a list of the key barriers the programs are designed to
overcome. The New Hampshire Public Utilities Commission (the Commission) approved the 2022-2023 NHSaves Plan? in
an order on April 29, 2022,% in which it found that the “further inquiry and a more in-depth identification of market barriers to
energy efficiency and the Plan’s ability to remove those barriers going forward is necessary.” It directed Eversource Energy,
Liberty Utilities, the New Hampshire Electric Cooperative (NHEC), and Unitil (the NH Utilities) to identify and quantify the
market barriers addressed by the NHSaves programs.

DNV conducted this review in response to the Commission’s directives, in coordination with the New Hampshire Evaluation,
Measurement, and Verification Working Group (EM&V WG). The primary objectives of the review were to (1) identify and
detail the market barriers addressed by the NHSaves programs, (2) assess the extent to which selected energy efficiency
programs such as those in New Hampshire have overcome such barriers, and (3) identify how New Hampshire’s programs
could continue to do so going forward.

To achieve these objectives, DNV reviewed foundational literature on barriers to energy efficiency broadly, to distill key
concepts and research findings that have provided a basis for program interventions since the early days of energy
efficiency programs. In addition, DNV identified five selected energy efficiency program offerings for case studies, conducted
via a literature review, assessment of NHSaves program offerings and evaluation results, and analysis of NHSaves
spending and savings data.* This review included analysis of future potential savings opportunities for case study program
offerings, based on the 2021-2023 New Hampshire Potential Study.®

1.1 Barriers overview

There is a substantial body of literature on barriers to energy efficiency spanning back to the 1990’s and earlier. The
literature includes several variations of definitions for market barriers, but consistently finds a basis in evidence for the
existence and impact of such barriers, and for justification for program interventions to address them. A distillation of the
literature suggests the following simplified definition of general barriers: factors that inhibit adoption of otherwise cost-
effective energy efficient technologies and behaviors, resulting in a sub-optimal level of investment in energy efficient
technology.® There are several important factors to consider in more specifically defining and assessing market barriers.

1. The market is complex and heterogenous, and so are barriers. The market for energy efficiency includes a
multitude of technologies, customers, contractors, distributors, manufacturers, and other market actors. Market barriers
represent a “complex web of micro-level considerations and constraints that differ greatly by customer group and end
use,”” and must be “addressed in a highly disaggregate fashion, considering the workings of individual markets.”® Within
a given market, suppliers from upstream manufacturers to midstream distributors to downstream installation contractors

" RSA 374-F:3, X. https://www.gencourt.state.nh.us/rsa/html/XXXIV/374-F/374-F-3.htm.

2 NHSaves, 2022-2023 New Hampshire Statewide Energy Efficiency Plan, 2022, https://www.puc.nh.gov/Requlatory/Docketbk/2020/20-092/LETTERS-MEMOS-
TARIFFS/20-092 2022-03-01_NH UTILITIES NHSAVES-PLAN.PDF.

3NH PUC, Order No. 26,621, 2022. https://www.puc.nh.gov/Regulatory/Docketbk/2020/20-092/ORDERS/20-092 2022-04-29 ORDER-26621.PDF.

“In order to accommodate the March 31 deadline, the EM&V WG chose a case study approach based on secondary research. In addition, without explicit direction from the
Commission to invest in primary research via surveys and interviews, the EM&V WG preferred the lower-cost secondary research approach.

5 Dunsky. New Hampshire Potential Study, Statewide Assessment of Energy Efficiency and Active Demand Opportunities, 2021-2023, Oct. 2020.
https://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/20201016-NHSaves-Potential %20Study-Final %20Report-Volume %201.pdf

% In investigatory Docket No. IR 22-042, the NH Utilities provided several similar definitions for market barriers, including “the factors behind the so-called “efficiency gap” —
the differential between the level of energy efficiency actually achieved the level judged to be cost-effective at prevailing prices” (LBNL 1992); and “a real or perceived
impediment to the adoption of energy efficient technologies or energy efficiency behavior by consumers” (lowa Administrative Code).

7 Lawrence Berkeley National Laboratory and National Association of Regulatory Commissioners. Least-Cost Utility Planning Handbook for Public Utility Commissioners,
Volume 2, the Demand Side: Conceptual and Methodological Issues, December 1988.

8 Golove, William H. and Joseph H. Eto. Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency, March
1996. https://www.osti.gov/biblio/270751.
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each face a unique set of financial and operational circumstances, and each confronts a different mix of barriers.
Among end use customers, heterogeneity in the population means that technologies that are cost-effective on average
may not be cost-effective for certain groups of customers.

2. The market is ever-changing, and so are barriers. All markets are dynamic, and the market for energy efficiency is
especially so given the broad range of variables—from energy prices, to equipment supply chains, to public policies—
that impact market actors and customers. As stated in foundational literature on barriers, “technological and institutional
change is an enduring feature of energy service markets. Public policies must be constantly scrutinized for their
continuing appropriateness in view of technological advances and the emergence of new market institutions.”® Chief
among these factors is energy prices, which are generally more volatile than other commaodities, due in part to
customers’ limited ability to substitute other fuels when the price of one fuel increases.®

3. Cost-effectiveness is integral to evaluating market barriers. Market barriers are defined relative to a threshold for
cost-effectiveness, above which rational market actors not facing barriers would implement energy efficiency. Any
assessment of the extent and magnitude of market barriers must be anchored to a defined threshold for cost-
effectiveness. There are multiple perspectives from which to consider the cost-effectiveness of energy efficiency
investments, including (1) the perspective of a customer faced with a decision of whether to adopt energy efficiency
measure(s), (2) the perspective of society as a whole, in weighing whether the total societal benefits of energy efficiency
investments outweigh the total societal costs, and (3) the perspective of regulators within a jurisdiction, who must
consider costs and benefits according to the applicable policy goals established in that jurisdiction.’" Unless otherwise
noted, references to cost-effectiveness in this report reflect the customer perspective.

Literature on market barriers consistently identifies a set of specific types of barriers to the adoption of energy efficiency. As
with the overall definition of barriers, there are variations in the framing and organization of barrier types throughout the
literature, due to inherent subjectivity and overlap in categories. However, the literature we reviewed includes a sufficiently
consistent set of barriers to support a general classification into the following categories:

e Financial — barriers associated with end users’ financial costs of adopting energy efficiency, including limited access to
financing, internal competition for capital resources, and transaction costs such as time and labor for project installation

¢ Informational — barriers associated with obtaining information or lacking sufficient information, such as limited
awareness of savings potential or limited access to information to assess and verify vendor claims of performance

¢ Organizational — barriers associated with the structure or practices of end-user organizations, including split incentives
whereby owners or landlords decide whether to install efficient equipment, rather than occupants who pay energy bills

e Supply and provision — barriers associated with energy efficiency suppliers’ resources and practices, including
workforce capacity and training limitations, and limited product availability

¢ Behavioral — barriers associated with the behavioral patterns of end users, which can include factors such as end user
habits, skepticism or lack of trust in the benefits of energy efficiency, or social group dynamics limiting adoption

e Public policy — barriers associated with public policies (or lack thereof) causing distortion in market prices or behaviors,
including externalities or costs that are associated with transactions, but are not reflected in the transaction price (e.g.,
the potentially harmful consequences of economic activities on the environment)

The literature also identifies multiple underlying barriers within each category. This deeper understanding of barriers allows
for fine-tuning program interventions. For instance, informational barriers in general might be addressed through increased

® Ibid.

0 U.S. Energy Information Administration, Volatility, https://www.eia.gov/naturalgas/weekly/archivenew ngwu/2003/10 23/Volatility%2010-22-03.htm.

" Cost-effectiveness principles and perspectives are described in more detail in the National Standard Practice Manual (NSPM). The NSPM is a publication of the National
Efficiency Screening Project (NESP), which works to improve cost-effectiveness assessments of customer-funded electric and gas energy efficiency programs. The
NSPM includes a set of fundamental principles for cost-effectiveness analysis, which have been applied in multiple jurisdictions nationwide. See NESP, National
Standard Practice Manual for Assessing Cost-Effectiveness of Energy Efficiency Resources, Spring 2017, available at https://nationalefficiencyscreening.org/wp-
content/uploads/2017/05/NSPM_May-2017_final.pdf.
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marketing, but if the key underlying barrier for a technology is performance uncertainties (e.g., for emerging technologies
with a relatively shorter record of operational performance), an intervention that focused on equipment performance, such as
warranties, demonstrations, or certification and labeling, would be more effective.

Market barriers as described in this report are not necessarily market failures as defined in classical economics. Market
barriers may slow the adoption of cost-effective efficient technologies, and programs may intervene to circumvent these
barriers for individual customers or eliminate them market-wide. In contrast, without such interventions, markets may
experience market failures as traditionally defined—that is, situations in which the allocation of resources is economically
inefficient, resulting in a net loss of economic value.'?

1.2 Program interventions

To overcome barriers, programs use a range of interventions that are as varied and targeted as the barriers they are
intended to address. The most common types of program interventions are financial—e.g., rebates and financing—and
informational—e.g., marketing and educational campaigns.'® However, successful programs tend to use multi-pronged
approaches that include several forms of interventions targeting the same set of customers or technologies. Such
approaches acknowledge that customers and suppliers often face multiple barriers and overcoming or reducing one barrier
will not always be sufficient to induce participation. For instance, a customer who is unaware of a particular technology
(informational barrier) may be informed via advertising, but the advertisement will not be sufficient to induce adoption if they
cannot access financing or otherwise afford to install energy saving equipment. Even if informational and financial
interventions are effective, customers will be unable to install energy saving equipment if there are no installation contractors
available or customers lack the time or expertise to procure and oversee contractors.

Well-designed program interventions are based on careful analysis and insights from customers and suppliers about the
barriers they face, ideally drawn from first-hand relationships or primary research. Successful interventions “must be based
on a sound understanding of the market problems they seek to correct...[which] can only emerge from detailed
investigations of the current operation of individual markets.”'* Table 1-1 provides general categories of program
interventions, and the types of information that can support effective design.

Table 1-1. Types of program intervention and information supporting effective design

Intervention Description Information Supporting Effective Design
Type
. . Rebates, discounts, or other incentives (including Data on equipment and project costs,
Financial ) . - - X o
. . financing) paid to customers, contractors, distributors, research on customer price sensitivity,
incentives . :
or manufacturers access to and preferences for financing
Information Marke}mg and educational materials or campaigns Market research, program and technology
targeting customers, manufacturers, distributors, and . . .
and . . . . awareness studies, media and audience
. retailers. This can also include product assurance via
promotion . e . research
warranties, certifications, labeling, etc.
. . . . Research on technological barriers,
Technical Engllneerlng, deS|gq, e other'technlcal suppprt customers’ technical capabilities and
. services, often provided to assist customers with large, | = . . .
assistance - limitations, technical assistance vendor
complex projects . A
capabilities and limitations

"2 See Eto and Golove, Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency, 1996; Eto, Prahl, and
Schlegel, A Scoping Study on Energy-Efficiency Market Transformation by California Utility DSM Programs, 1996; New South Wales Government (2017). “A guide to
categorising market failures for government policy development and evaluation.” New South Wales Department of Industry.

'3 Eto, Prahl, and Schlegel, 1996. The study notes that “if a market barrier is lowered, market adoption of energy-efficient products, services, or practices will increase. We
recognize, however, that reducing any one market barrier may not lead to increases in adoption because other barriers may remain or be reinforced, or new barriers
may be introduced.”

' Eto and Golove, Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency, 1996.
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Training and Educational and informational resources, training and
trade ally technical support, joint promotion and advertising
support support provided to contractors or other trade allies

Technological and engineering expertise,
workforce capacity research, market research

1.2.1 Resource acquisition and market transformation programs

Energy efficiency programs generally fall into two broad categories, based on their objectives and design:

e Resource acquisition programs are designed to target specific sets of customers and market actors, and specific
purchasing decisions. The general objective of these programs is to engage participants by circumventing individual
customer barriers to achieve discrete project-level savings typically measured against short-term (e.g., annual) goals.

o Market transformation programs are designed to create long-term changes in the structure and function of markets.
The general objective of these programs is to eliminate market-level barriers to the supply of energy efficiency, creating
widespread changes in markets that persist after program interventions have been removed.

In general, the NHSaves programs are designed to be resource acquisition programs, not market transformation
programs.'® As such, they generally aim to circumvent specific customer or market actor barriers through individual
transactions, rather than aiming to eliminate barriers to a particular technology market-wide by achieving systematic
changes to the market.

1.3 Barriers and opportunities for selected case study topics

DNV, with input from the EM&V WG, selected topics for case studies that collectively cover all barriers listed in the 2022—
2023 NHSaves Plan. These include a range of program offerings, from those with long histories of market transformation,
such as retail lighting, to more recently emerging offerings facing steeper barriers, such as advanced lighting controls. The
programs and measure types featured in the case studies were selected in part based on their prominence in the NHSaves
portfolio, both in terms of their share of recent years’ savings and their importance to future program savings opportunities. '®
While there are several markets covered by the NHSaves programs that are not included in our case studies, in general the
types of program interventions and the nature of the barriers has broad applicability beyond the selected case study topics.

Some barriers, such as physical health and safety barriers to weatherization projects (e.g., the presence of mold or asbestos
preventing blower door-guided air sealing), are unique to specific measures and markets covered in our case studies.
Similarly, barriers such as customer skepticism of the performance and savings of new technologies are more prominent in
certain areas, such as advanced C&l lighting controls. Other barriers, such as financial barriers, appear in different forms
across most markets, and programs consistently offer interventions—i.e., incentives—targeted to the specific customers and
market actors involved. Predominant across nearly all markets are overarching barriers related to workforce. Workforce
barriers are driven by economy-wide labor supply and demand dynamics, which reach beyond the purview of the NHSaves
programs and beyond the geographic boundaries of New Hampshire. In this landscape of diverse and far-ranging barriers,
programs including those in New Hampshire have found ways to intervene and circumvent barriers, though there were few
areas we reviewed where barriers had been fully eliminated.

Table 1-2 provides a summary of the barriers to adoption of the energy efficiency measures included in each case study
topic, and the future opportunities for savings with continued program intervention.

'® A more detailed explanation of how the NHSaves programs align with these categories was submitted by the NH Utilities in IR 22-042 Investigation of Energy Efficiency
Planning, Programming, and Evaluation, Joint Responses to Commission inquiries by NH Utilities, Nov. 30, 2022.
' More detail on case study selection criteria is presented in Table 3-1.
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Table 1-2. Summary of market barriers and program opportunities for case study topics

Case study topic

Residential retail
lighting

Residential
weatherization

Residential new
construction

C&l lighting
controls

Industrial
process

Market barriers characterization

There are minimal remaining market barriers in the retail

LED market. It is largely transformed, due in part to

significant historic program interventions including incentives

and federal lighting standards to eliminate key barriers:

e financial barriers (upfront incremental cost of LEDs) and

o informational barriers (awareness of savings and
performance of LEDs)

The weatherization market has faced and continues to face

a wide range of barriers that programs have long worked to

circumvent, with mixed results. Key types of market barriers

include:

e financial barriers (upfront cost)

e technical and physical barriers (health and safety
barriers)

e organizational (split incentive between landlords and
tenants in rental market)

e supply and provision barriers (contractor workforce
shortages)

Key types of market barriers to efficient residential

construction include:

o financial (upfront incremental cost of efficient
construction);

e organizational (split incentive between developers who
incur the costs of energy efficient construction and
future owners who benefit from savings), and

e supply and provision (lack of workforce trained in
energy efficient practices)

Advanced C&l lighting controls are in the early stages of

market adoption. Key types of market barriers for these

technologies include:

o financial barriers (upfront incremental cost of controls
technology and high transaction costs);

e informational barriers (customer awareness and
understanding); and

e supply and provision barriers (lack of workforce
education and awareness)

The industrial sector is highly heterogenous and faces a

diverse set of barriers. Key types of market barriers include:

e financial (upfront costs, access to capital, payback
period requirements)

e organizational (internal competition for funding,
complexities of internal decision making, internal
planning cycles)

e informational (lack of internal expertise or resources to
hire outside experts; lack of information to support
program development),

e supply and provision (lack of specialized workforce and
equipment availability)

Program opportunities summary

There are minimal remaining
savings opportunities, limited to the
hard-to-reach market (e.g., dollar
and discount stores)

There are significant remaining
savings opportunities, primarily for
fossil fuel savings. Programs can
achieve some amount of savings
with financial and other
interventions, but may be limited by
persistent, widespread workforce
barriers, which are driven by broader
labor market dynamics that utility
programs have limited ability to
influence

There are moderate savings
opportunities via increased
incentives and other interventions to
circumvent builder and customer
barriers, if programs maintain
sufficiently high efficiency
requirements relative to the
continually advancing construction
market and building codes

There are significant remaining
savings opportunities if programs
and market actors can circumvent
these barriers, but the pace of LED
replacements means shrinking
opportunities if replacements do not
include controls

There are significant remaining
savings opportunities via customized
interventions to circumvent barriers
on a customer-by-customer basis,
particularly enabling strategies such
as technical assistance and project
planning support

Primary New Hampshire-based research on market barriers has generally been limited. However, the 2021-2023 New

Hampshire Potential Study estimated the theoretical impact of barriers on savings opportunities for the NHSaves portfolio

DNV — www.dnv.com
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using quantitative modeling techniques.'” To estimate the effect of NHSaves program interventions in overcoming market
barriers, the evaluation team re-analyzed the savings opportunities originally modeled for the study. Specifically, the study
modeled several achievable savings scenarios that assumed different levels of barriers and included different levels of
program incentives and enabling strategies for overcoming barriers—such as contractor training and support, targeted
marketing, and financing offerings. The scenarios used to model achievable savings for the 2021-2023 period were:

e Low achievable savings: incentives and enabling strategies at the levels of the 2018-2020 NHSaves Plan

¢ Mid achievable savings: incentives raised to a minimum of 75% of incremental cost, and increased enabling strategies

¢ Maximum achievable savings: incentives raised to 100% of incremental cost, and the same enabling strategies as the
mid scenario®

Using these scenarios, the impact of market barriers on energy efficiency adoption can be estimated based on the growth in
savings when moving from the low, to mid, to maximum achievable potential scenarios. This analysis provides an estimate
of the scale of savings that barriers are preventing and helps identify what savings programs may be able to achieve by
circumventing or eliminating them. Figure 1-1 shows the increase in modeled savings moving from low to maximum
achievable potential scenarios for the measures in each case study topic. Larger increases in savings between the
scenarios reflect a greater impact from increased incentives and enabling activities to overcome barriers. In other words,
greater increases reflect programs or measures where barriers are preventing larger amounts of potential savings from
being achieved. In contrast, small increases in savings imply there are few barriers that programs can address. Among case
study measures, residential weatherization sees the greatest savings increase—in both percentage and absolute terms—
from increased incentives and enabling activities to circumvent barriers. LEDs, in contrast, show a relatively minor increase
in savings across the achievable potential scenarios. This pattern is consistent with an assumption of a largely transformed
market for retail lighting due to the elimination of barriers for most of the market.

Figure 1-1. New Hampshire 2023 achievable savings scenarios for case study measures
700

600
500
400
300

200

Lifetime MMBtu (thousands)

100
, H N -II m B

Residential LEDs  Residential Residential New  C&l Lighting Industrial
Weatherization Construction Controls Process

mLow = Mid mMaximum

Source: DNV analysis of 2021-2023 New Hampshire Potential Study results

7 Potential studies help inform energy efficiency program planning by establishing guideposts for the amount of savings programs might achieve, as well as more detailed
information on savings opportunities for specific customer segments and measure types. Potential studies quantify savings opportunities by obtaining data on existing
energy using equipment and building stock, referred to as baseline data. The baseline data is entered into a model with data on efficient equipment and associated
savings, costs, customer and market barriers, and other inputs. This model is used to develop various scenarios of potential savings that programs can achieve
depending on the level of incentives and other program interventions.

'8 Incremental costs are foundational to energy efficiency program planning and cost-effectiveness testing. They represent the difference in cost between baseline, standard
efficiency technologies and the energy efficient measures the programs offer.
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On their own, the modelled results from the New Hampshire Potential Study are not definitive evidence of the state of
market transformation or elimination of market barriers for the case study measures. However, when considered alongside
other indicators, the achievable savings results help identify program areas where market barriers have been largely
eliminated, and a market exit strategy should be considered for the programs. Among case studies in our review, retail
lighting had the most consistent evidence of market transformation—including studies showing minimal price differences
between LEDs and baseline lighting products, and LEDs capturing an overwhelming share of the retail lighting market, even
in states without retail lighting programs. In other cases, the Potential Study shows relatively small increases in achievable
savings from increased incentives and enabling strategies, but other indicators and research show that customers and
market actors continue to face barriers. For instance, our case study of residential new construction found that, despite small
increases in achievable savings in the Potential Study, residential new construction programs can continue to achieve
savings by increasing program efficiency requirements to ensure participating homes stay ahead of the broader new
construction market.

1.4 Conclusions and considerations
Market barriers addressed by the NHSaves programs

Market barriers incorporate a broad and diverse set of obstacles to energy efficiency adoption that vary across customers,
technologies, and other dimensions. As stated in the foundational literature , “there is no single market for energy services;
instead, the “market” consists of hundreds of end-uses, thousands of intermediaries, and millions of consumers. As a
result,...these issues must be addressed in a highly disaggregate fashion, considering the workings of individual markets.”'°
The NHSaves programs cover the full spectrum of technologies and customer types, and as such, the programs confront a
broad range of barriers. By the same token, they face a wealth of potential savings opportunities from circumventing or
eliminating those barriers.

Some barriers, such as physical health and safety barriers to weatherization projects, are unique to specific measures and
markets covered in our case studies. Other barriers, such as financial barriers, appear in different forms across most
markets, and programs consistently offer interventions—i.e., incentives—targeted to the specific customers and market
actors involved. Predominant across nearly all markets are overarching barriers related to workforce, which are driven by
economy-wide labor supply and demand dynamics that extend beyond the purview of the NHSaves programs.

Progress in overcoming barriers and transforming markets

In this diverse landscape of barriers, programs including those in New Hampshire have found ways to intervene and
circumvent barriers for certain customers and market actors, though there were few areas we reviewed where barriers had
been fully eliminated. A key question facing program administrators, stakeholders, and regulators is as follows: in what
areas have market barriers been eliminated, if not market-wide, then for a large enough share of customers and market
actors whereby program intervention is no longer justified? To definitively answer this question, it is important to have
multiple sources of evidence pointing toward the same conclusion.

Our review found that programs vary in the extent to which they have circumvented or eliminated barriers. For retail lighting,
it is clear from a preponderance of evidence that programs have helped eliminate market barriers, and program
interventions are no longer needed in most cases—and the NH Utilities are discontinuing their offerings in response to this
market transformation. However, the other NHSaves programs and offerings covered in our case studies all still face a
range of barriers and savings opportunities that justify continued program intervention, with weatherization and C&l lighting
controls presenting the greatest opportunities in New Hampshire. In addition, given the ever-changing market for energy
efficiency and the continual progress of technological advancement, newer, more efficient technologies are always arising

'® Eto and Golove, Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency, 1996.
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which often face a new set of financial, informational, behavioral and other barriers. These advances present opportunities
for program intervention even as other opportunities diminish due to market transformation.

Considerations for program interventions in evolving markets

There are clear and significant remaining opportunities for program savings across the markets covered in our case studies.
The scope and depth of our analysis does not allow for definitive conclusions about targeting and designing NHSaves
program interventions, nor how programs should prioritize resources across programs or among the different types of
interventions (e.g., financial, informational, training, etc.). Ultimately barriers are best understood, circumvented, and
eliminated through direct interactions between programs, market actors, and the customers they serve. The first-hand
knowledge of program implementers and trade allies is critical in this process. As a complement to this expertise, research
can provide insights reflecting a broader view, through methods such as surveys, focus groups, or market data analysis.

Due to the scope and timeline of the Commission’s requests, the team’s case study approach could not comprehensively
address all areas of inquiry on market barriers—particularly those such as quantifying end-user costs of addressing barriers
and directly quantifying the extent to which New Hampshire programs have removed them. As part of this review, we
identified gaps where primary New Hampshire-based research such as customer surveys, market actor interviews, sales
data analysis, or other methods would allow for a fuller assessment of the Commission’s questions, as shown in Table 1-3.
New Hampshire may consider pursuing such research, while weighing the tradeoffs between its costs, rigor, and value to
the NHSaves programs and customers in understanding and overcoming barriers.

Table 1-3. Information to support further assessment of barriers and refinement of program interventions

Case Study Topic Information gaps

Due to high levels of market share and limited remaining savings opportunity,

REshentislsiaiilionting additional research is not recommended for retail lighting

Primary research on:

e upfront weatherization costs residents are willing to incur, by customer class

Residential weatherization and measure type, and single family vs. multifamily

e workforce capacity, knowledge, and skills gaps

e coordination of program offerings and other funding sources to address health
and safety barriers

Primary research on:

e homebuyer awareness of and preferences for energy efficient homes, and
developer perception of market demand for energy efficiency

e incremental costs of energy efficient construction

e ENERGY STAR®Homes attribution (NTG) and market penetration

Residential new construction

Primary research on:

e workforce capacity, knowledge, and skills gaps regarding controls

e contractor and customer research on barriers and opportunities for integration
of controls into LED retrofit projects

e customer research on awareness and perception of controls technologies and
persistence of savings

C&l lighting controls

Primary research on:

Industrial process e Industrial stock in New Hampshire

e Customer research on internal and external financing processes and sources
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2 INTRODUCTION

The New Hampshire Public Utilities Commission (the Commission) approved the 2022—-2023 NHSaves Plan? in an order on
April 29, 2022,2" in which it found that the “further inquiry and a more in-depth identification of market barriers to energy
efficiency and the Plan’s ability to remove those barriers going forward is necessary.” It directed Eversource Energy, Liberty
Utilities, the New Hampshire Electric Cooperative (NHEC), and Unitil (the NH Utilities) to quantify the market barriers. In a
subsequent order of clarification, issued June 21,22 the Commission stated that the intention of their directive was to
comprehensively enumerate the end-users’ costs of addressing identified market barriers and quantify as many costs as
possible and provide a narrative explanation of the non-quantifiable costs. In a separate request issued on November 1,
2022, the Commission sought information on market barriers related to the scope of this review, including for the Joint
Utilities to identify areas where New Hampshire energy efficiency program funds have enabled a technology or practice to
become market competitive.?® Per the Commission’s order, this review of market barriers was due by March 31, 2023.

DNV, in coordination with the New Hampshire Evaluation, Measurement, and Verification Working Group (EM&V WG),
designed this review to respond to the Commission’s requests to the extent feasible within the given timeframe. DNV
presented several options for study approaches, including several approaches that would fully address Commission
requests via primary data collection and analysis, but would require longer timelines. These approaches included methods
such as general population surveys for selected customer segments, interviews with participating and non-participating
distributors, retailers, and contractors, analysis of historical program data, and participant surveys and interviews. In order to
accommodate the March 31 deadline, the EM&V WG chose a case study approach based on secondary research.?*

As shown in Table 2-1, the selected case study approach addresses or partially addresses the Commission’s directives. As
part of this review, throughout the report we have noted gaps where primary New Hampshire-based research would allow
for a fuller assessment and response to the Commission’s directives, such as quantifying the end-user costs of addressing
barriers or directly quantifying the extent to which New Hampshire programs have removed them.

Table 2-1. Response to commission reporting requirements

Commission reporting requirement Source Case study approach
Identify and quantify market barriers listed in the 4/29 order, 11/1 Partially addressed: identification and
2022-2023 NHSaves plan data request description of barriers, but not quantification
Assess the ability of plans to remove barriers in 4/29 order Addressed, for selected case studies
the future
Enumerate and quantify costs of addressing 6/21 clarification Partially addressed: enumeration of costs, but
barriers order not quantification

Identify previously existing barriers partially or

11/1 data request Addressed, for selected case studies
totally removed by programs

Identify where programs enabled a technology or

. " 11/1 data request Addressed, for selected case studies
practice to become market competitive

20 NHSaves, 2022-2023 New Hampshire Statewide Energy Efficiency Plan, 2022, https://www.puc.nh.gov/Requlatory/Docketbk/2020/20-092/LETTERS-MEMOS-
TARIFFS/20-092 2022-03-01 NH UTILITIES NHSAVES-PLAN.PDF.

21 NH PUC, Order No. 26,621, 2022. https://www.puc.nh.gov/Regulatory/Docketbk/2020/20-092/ORDERS/20-092 2022-04-29 ORDER-26621.PDF.

2 NH PUC, Order No. 26,642, 2022. https://www.puc.nh.gov/Regulatory/Orders/2022orders/Documents/26-642.pdf.

2 NH PUC, IR 22-042, 2022. https://www.puc.nh.gov/Regulatory/Docketbk/2022/22-042/ORDERS/22-042 2022-11-01_NHPUC PROC-ORDER-RE-RECORD-
REQUESTS.PDF.

2 The EM&V WG also preferred the case study approach due to its lower cost compared to conducting primary research via surveys and interviews. Survey and interview
methods require a larger research budget and more staff hours for tasks such as statistical sampling, instrument design, survey and interview fielding, and data
analysis, as well as incentives to encourage survey and interview responses. Without explicit direction from the Commission to invest in such research, the EM&V
WG decided to pursue a lower-cost approach.
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3 METHODOLOGY

The primary objectives of this review were to (1) identify and enumerate the market barriers addressed by the NHSaves
programs, (2) assess the extent to which selected energy efficiency programs such as those in New Hampshire have
overcome such barriers, and (3) identify how New Hampshire’s programs could continue to do so going forward.

To achieve these objectives, DNV identified five selected energy efficiency program offerings for case studies, conducted via
a literature review and consultation with internal subject matter experts.?® The selected case studies document known
market and customer barriers, program interventions used to overcome those barriers, and trends in adoption of energy
efficient technologies and behaviors. The case studies also provide context on New Hampshire’s existing programs and
future opportunities for achieving savings by addressing market barriers. In addition to the case studies, DNV reviewed
foundational literature on barriers to energy efficiency broadly, to identify and distill key concepts and research findings that
have provided a basis for program interventions since the early days of energy efficiency programs.

Further details on these methods are described below, and sources for the literature review are provided in APPENDIX B.

3.1 Case study topic selection

DNV, with input from the EM&V WG, selected case studies that collectively cover all barriers listed in the 2022—2023
NHSaves Plan. These include a range of program offerings, from those with long histories of market transformation, such as
retail lighting, to more recently emerging offerings facing steeper barriers, such as advanced lighting controls. The programs
and measure types featured in the case studies have been selected in part based on their prominence in the NHSaves
portfolio, both in terms of their share of recent years’ savings and their importance to future program savings opportunities.
Case study topics were selected based on the following tasks.

3.1.1  Review of New Hampshire program documents and data

To help ensure that the selected case studies represent reasonable proxies for New Hampshire’s programs and can provide
the most relevant and applicable results, DNV reviewed New Hampshire program planning documents, and program
savings and spending data. This included reviewing the NH Ultilities’ 2021 Benefit/Cost (B/C) models to identify the programs
and measures responsible for the largest shares of overall savings. In addition, DNV reviewed 2021 program spending on
primary mechanisms/interventions for overcoming barriers (such as on-bill financing and awareness/marketing campaigns)
from the NH Utilities’ filings.?®6 DNV also reviewed program websites and materials with information on program offerings and
interventions related to selected case study topics.

3.1.2 Review of future savings opportunities

DNV reviewed the 2021-2023 New Hampshire Potential Study to identify the customer segments and measure types that
present the greatest remaining savings opportunities for the programs. The team also obtained EM&V WG input on other
strategic priorities for the programs beyond savings magnitude, as well as suggestions for selected case study topics that
would provide forward-looking insights of value for the programs in achieving their savings goals and other objectives.

3.1.3 Determination of case study topics

Following these steps, DNV identified potential case study topics for EM&V WG feedback, which DNV considered when
finalizing the selected case studies. Table 3-1 shows the final selected case study topics and the basis for their selection.
There are several markets covered by the NHSaves programs that are not included in our case studies, in general the types
of program interventions and the nature of the barriers has broad applicability beyond the selected case study topics.

2 DNV staff have led or been part of numerous studies nationwide that have covered all selected case study topics. The evaluation team leveraged that body of expertise to
identify key studies and highlight the most salient trends and findings on barriers to and adoption of efficient technologies.
% See Docket No. IR 22-042, 2021 Program Year Compliance Filing Order No. 26, 261 Report 9.v. Market Barriers, Aug. 31, 2022.
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Table 3-1. Selected case study topics

Case study

Share of NH statewide savings

(2021 actuals)

Future savings opportunities

Other factors for
selection

Residential
retail lighting

Residential
weatherization

Residential
new
construction

C&l advanced
lighting
controls

Industrial
process
measures

Large share of electric savings:
¢ 51% of residential MWh (annual)
e 20% of residential MWh (lifetime)

Large share of fossil fuel savings:

o 73% of residential MMBtu
(annual)

o 73% of residential MMBtu
(lifetime)

Moderate share of electric savings:

o 14% of residential MWh (annual)

o 28% of residential MWh (lifetime)

Moderate share of electric and gas

lifetime savings:

e 17% of residential MWh (lifetime)

o 17% of residential MMBtu
(lifetime)

Small share of current electric
savings:

* 3% of C&l MWh (annual)
o 2% of C&l MWh (lifetime)

Moderate share of gas savings:
o 18% of C&l MMBtu (annual)
o 14% of C&l MMBtu (lifetime)

Small share of electric savings:
* 3% of C&l MWh (annual)

o 4% of C&l MWh (lifetime)

3.2 Literature review

Following case study selection, DNV’s primary research activity was a literature review, which fell into two primary

Steep decline in savings
potential due to the lighting
market’s continued
transformation (20271-2023 NH
Potential Study)

Reductions in space heating
requirements from envelope
measures are a key source of
potential natural gas savings
(2021-2023 NH Potential Study)

Growing opportunity due to
gradually increasing new
housing starts forecasted, and
positive net migration into New
Hampshire in recent years
(Census Bureau data)

Growing opportunity, among the
top measures for non-residential
electric savings potential (2021-
2023 NH Potential Study)

The manufacturing and industrial
segment is the second highest
saving segment overall, with
savings opportunities focused on
process measures (and is also
far less dependent on lighting
savings than other segments)
(2021-2023 NH Potential Study)

Prime example of recent
energy efficiency market
transformation due to
program investments

Large body of existing
research

Persistent market barriers,
but resource acquisition
successes

State priority to allocate at
least 20% of funds for low-
income programs (largely

weatherization)

Recognized customer-
centric barriers and non-
energy benefits

Body of existing research
on market effects and
code compliance

Well-recognized and
successful New
Hampshire programs

Well-researched technical
barriers (e.g., limited
cross-compatibility among
different manufacturers)
and customer awareness
barriers

Large energy consumers
with strategic program
importance

Diverse technology- and
subsector-specific barriers

categories: (1) a review of foundational literature to identify and distill key concepts and research findings into a conceptual

framework for market and customer barriers; and (2) program- or technology-specific literature for each of the selected case

study topics, with a focus on evaluations from New Hampshire and other Northeast states. A list of all reviewed publications
is provided in APPENDIX B.
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3.2.1 Foundational literature

The review of foundational literature provided a basis for defining barriers and enumerating those identified in literature
spanning from the early years of regulated energy efficiency programs in the United States. This literature review also
identified the standard types of program interventions and the metrics programs have used to measure their success in
overcoming barriers.

Our review included literature from the 1990s through current day, from sources including the U.S. DOE National
Laboratories, industry and academic journals, and policy-focused organizations such as ACEEE. The literature was
identified via web searches and queries of online journals, and mining the references cited in each source for additional key
sources.

3.2.2 Review of relevant program research and evaluations

To provide a basis for the case studies, we reviewed program evaluations and other research related to the case study
topics, primarily focusing on evaluations conducted on behalf of energy efficiency program administrators, regulators, and
oversight bodies. We first reviewed any related research conducted on New Hampshire’s programs, and then expanded the
review to cover publicly available evaluations from other Northeast states, due to the similarity of programs, common
program administrators and implementation vendors, overlapping market actors (e.g., distributors, retailers) and base of
customers, and shared energy markets (e.g., wholesale electric and gas). We also consulted with internal experts involved
in evaluations of case study topics to identify additional studies from beyond the Northeast region, and to ensure our review
addressed the most salient findings and cross-cutting trends from the national body of research.

From this literature, the team gathered and synthesized quantitative and qualitative findings on (1) market and customer
barriers, (2) program interventions, and (3) trends such as market share and net-to-gross (NTG) results for the measure and
program types relevant to each case study. Where New Hampshire research was available, the case studies highlight these
findings, and where there has not been New Hampshire research to date, the case studies identify the key research gaps
that, if filled, would allow for improved estimates of barriers currently faced in New Hampshire and how programs can target
interventions to overcome them.

Finally, the literature review included an in-depth review and re-analysis of data from the 2021-2023 New Hampshire
Potential Study to quantify the achievable savings potential for the measures covered in each case study under the different
barrier scenarios modeled in the study.

3.3 Scope limitations and opportunities for additional research

Due to the scope of the Commission’s requests and the required deadline, the case study approach could not
comprehensively address all Commission requests on market barriers—particularly those such as quantifying end-user
costs of addressing barriers or directly quantifying the extent to which New Hampshire programs have removed them. As
part of this review, throughout the report we have noted gaps where primary New Hampshire-based research such as
customer surveys, market actor interviews, sales data analysis, or other methods would allow for a fuller assessment of the
Commission’s questions.
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4 MARKET BARRIERS OVERVIEW

New Hampshire statute establishes several principles for the state’s energy efficiency programs, including that “utility
sponsored energy efficiency programs should target cost-effective opportunities that may otherwise be lost due to market
barriers.”” The statute does not establish a specific definition of market barriers, or related terms such as cost-
effectiveness. However, in the 2022—2023 NHSaves Plan, the NH Ultilities provided a list of the key barriers the programs
are designed to overcome. The foundational literature we reviewed identifies many of these same barriers, as well as others
not listed in the NHSaves plan. The following section provides general definitions of market barriers, an overview of types of
barriers identified in the literature and the program interventions commonly used to address then, and different metrics for
measuring success in addressing barriers.

4.1 Barriers definitions

There is a substantial body of literature on barriers to energy efficiency spanning back to the 1990’s and earlier. The
literature includes several variations of definitions for market barriers, but consistently finds a basis in evidence for the
existence and importance of such barriers, and for justification for program interventions to address them. A foundational
paper on the topic found that “significant opportunities exist to reduce energy utilization by implementing technologies that
are cost-effective under prevailing economic conditions but that are not fully implemented by existing market institutions...
problems of imperfect information and transaction costs may bias rational consumers to purchase devices that use more
energy than those that would be selected by a well-informed social planner guided by the criterion of economic efficiency.”?®
Numerous publications from as recently as 2020 have arrived at similar conclusions. (See APPENDIX A for a summary and
classification of barriers identified in foundational literature.)

A distillation of the literature suggests the following simplified definition of barriers: factors that inhibit adoption of otherwise
cost-effective energy efficient technologies and behaviors, resulting in a sub-optimal level of investment in energy efficient
technology.?®

There are several important factors to consider in applying this definition and assessing market barriers.

1. The market is complex and heterogenous, and so are barriers. The market for energy efficiency includes a
multitude of technologies, customers, contractors, distributors, manufacturers, and other market actors. Market barriers
represent a “complex web of micro-level considerations and constraints that differ greatly by customer group and end
use,” and must be “addressed in a highly disaggregate fashion, considering the workings of individual markets.”'
Within a given market, suppliers from upstream manufacturers to midstream distributors to downstream installation
contractors each face a unique set of financial and operational circumstances, and each confronts a different mix of
barriers. Among end use customers, heterogeneity in the population means that technologies that are cost-effective on
average may not be cost-effective for certain groups of customers. For instance, capital intensive energy saving
equipment must be more fully utilized to achieve the operational savings required for cost-effectiveness, so it may not
be cost-effective for customers with intermittent operating schedules (e.g., schools, religious buildings, seasonal
properties).3233 Furthermore, there are often lower barriers to adopting energy efficiency measures in industries where
energy costs represent a larger share of operating costs, such as heavy manufacturing, where energy costs create a
natural incentive to pursue efficiency. In contrast, barriers are often more significant among businesses where energy

27 RSA 374-F:3, X. https://www.gencourt.state.nh.us/rsa/html/XXXIV/374-F/374-F-3.htm.

2 Howarth R, Andersson B. 1993. Market barriers to energy efficiency. Energy Econ. 15:262-72.

2 |n investigatory Docket No. IR 22-042, the NH Utilities provided several similar definitions for market barriers, including “the factors behind the so-called “efficiency gap” —
the differential between the level of energy efficiency actually achieved the level judged to be cost-effective at prevailing prices” (LBNL 1992); and “a real or perceived
impediment to the adoption of energy efficient technologies or energy efficiency behavior by consumers” (lowa Administrative Code).

% LBNL and National Association of Regulatory Commissioners 1988.

31 Eto and Golove, Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency, 1996.

32 Howarth R, Andersson B. 1993. Market barriers to energy efficiency. Energy Econ. 15:262-72.

% Sorrell, S., O'Malley, E., Schleich, J., and Scott, S. (2004). The economics of energy efficiency - Barriers to cost-effective investment.
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costs are a smaller share of total operating costs, such as those in the public or service sectors, because even when
cost-effective energy efficiency opportunities exist, their financial benefit is less apparent or is outweighed by other
factors such as high transaction costs.

2. The market is ever-changing, and so are barriers. All markets are dynamic, and the market for energy efficiency is
especially so given the broad range of variables—from energy prices to equipment supply chains to public policies—
that impact market actors and customers. As stated in seminal research on barriers, “technological and institutional
change is an enduring feature of energy service markets. Public policies must be constantly scrutinized for their
continuing appropriateness in view of technological advances and the emergence of new market institutions.”3* Chief
among these factors is energy prices, which are generally more volatile than other commaodities, due in part to
customers’ limited ability to substitute other fuels when the price of one fuel increases.?® New Hampshire and the rest of
New England have seen particularly sharp increases in electric rates in recent months. These increases impact the
level of barriers experienced by customers and other market actors (e.g., reducing financial barriers by increasing the
value of energy savings), and the effectiveness of program interventions such as rebates and financing.

3. Cost-effectiveness is integral to evaluating market barriers. Market barriers are defined relative to a threshold for
cost-effectiveness, above which rational market actors not facing barriers would implement energy efficiency. Any
assessment of the extent and magnitude of market barriers must be anchored to a defined threshold for cost-
effectiveness. There are multiple perspectives from which to consider the cost-effectiveness of energy efficiency
investments, including (1) the perspective of a customer faced with a decision of whether to adopt energy efficiency
measure(s), (2) the perspective of society as a whole, in weighing whether the total societal benefits of incremental
energy efficiency investments outweigh the total societal costs, and (3) the perspective of regulators within a
jurisdiction, who must consider costs and benefits according to the applicable policy goals established in that
jurisdiction.” This report primarily refers to cost-effectiveness in terms of the customer perspective. The exception to this
is the team’s quantification of New Hampshire-specific barriers (e.g., analysis of the 2021-2023 Potential Study results
in Section 4.5), which assumes the use of the Granite State Test (GST). The GST reflects the regulatory perspective as
described in the National Standard Practice Manual (NSPM), and accounts for long-term utility system avoided costs,
other fuel and water resource savings, and certain non-energy benefits, as well as the costs of the programs.® The
GST was developed through a stakeholder process that culminated in a consensus recommendation to adopt the test.3”
The Commission approved the use of the test, and the legislature subsequently established it as the primary cost-
effective test for New Hampshire’s energy efficiency programs.38 39

Market barriers as described here are not necessarily market failures as defined in classical economics. These barriers are,
however, factors that affect consumers’ economic decision making, based on their perceived value of energy efficiency
investments and their perceived costs of those investments. Program interventions targeting market barriers are designed to
improve consumers’ value proposition by providing direct rebates (lowering the cost), by mitigating other costs such as
transaction or information search costs, or by increasing the perceived benefit such as by providing implicit or explicit
endorsement of energy efficiency technologies. In contrast, without such interventions, markets may experience market

3 Eto and Golove, Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency, 1996

% U.S. Energy Information Administration, Volatility. https://www.eia.gov/naturalgas/weekly/archivenew ngwu/2003/10 23/Volatility%2010-22-03.htm.

% The NSPM outlines a process for developing cost-effectiveness tests that “encompasses the perspective of a jurisdiction’s applicable policy objectives and includes and
assigns value to all relevant impacts (costs and benefits) related to those objectives. The NSPM refers to this as the ‘regulatory’ perspective, which is intended to
reflect the important responsibilities of institutions, agents, or other decision-makers authorized to determine utility resource cost-effectiveness and funding priorities.”
See NESP, National Standard Practice Manual for Assessing Cost-Effectiveness of Energy Efficiency Resources, Spring 2017, available at
https://nationalefficiencyscreening.org/wp-content/uploads/2017/05/NSPM_May-2017_final.pdf

5" NH PUC, Re: DE 17-136, Electric and Gas Utilities 2018-20 New Hampshire Statewide Energy Efficiency Plan B/C Working Group Recommendations Regarding New
Hampshire Cost-Effectiveness Review and Energy Optimization through Fuel Switching Study, 2019. https://www.puc.nh.gov/Regulatory/Docketbk/2017/17-
136/LETTERS-MEMOS-TARIFFS/17-136 _2019-10-31 STAFF FILING WORKING GROUP REC.PDF.

3 NH PUC, Order No. 26,322, 2019. https://www.puc.nh.gov/Regulatory/Docketbk/2017/17-136/ORDERS/17-136 _2019-12-30 ORDER 26322.PDF

% Bill_Status (state.nh.us)
https://gencourt.state.nh.us/bill_status/legacy/bs2016/bill_status.aspx?Isr=717&sy=2022&sortoption=&txtsessionyear=2022&txtbillnumber=HB549
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failures as traditionally defined—that is, situations in which the allocation of resources is economically inefficient, resulting in
a net loss of economic value.*°

4.2 Types of barriers

Literature on market barriers consistently identifies a set of specific types of barriers to the adoption of energy efficiency. As
with the overall definition of barriers, there are variations in the framing and organization of barrier types throughout the
literature, due to inherent subjectivity and overlap in categories. However, the literature we reviewed includes a sufficiently
consistent set of barriers to support a general classification into the following categories:

e Financial — barriers associated with end users’ financial costs of adopting energy efficiency, including limited access to
financing, internal competition for capital resources, and transaction costs such as time and labor for project installation

e Informational — barriers associated with obtaining information or lacking sufficient information, such as limited
awareness of savings potential or limited access to information to assess and verify vendor claims of performance

e Organizational — barriers associated with the structure or practices of end-user organizations, including split incentives
whereby owners or landlords decide whether to install efficient equipment, rather than occupants who pay energy bills

e  Supply and provision — barriers associated with energy efficiency suppliers’ resources and practices, including
workforce capacity and training limitations, and limited product availability

e Behavioral — barriers associated with the behavioral patterns of end users, which can include factors such as end user
habits, skepticism or lack of trust in the benefits of energy efficiency, or social group dynamics limiting adoption

e Public policy — barriers associated with public policies (or lack thereof) causing distortion in market prices or behaviors,
including externalities or costs that are associated with transactions, but are not reflected in the transaction price (e.g.,
the potentially harmful consequences of economic activities on the environment)

There is some disagreement in the literature about the nature of one of the most commonly cited barriers to energy
efficiency—upfront costs (also referred to as high first cost, and described in the NHSaves 2022-2023 plan as the
incremental price difference between standard and high efficiency goods and services). In particular, some foundational
literature states that upfront costs do not, in and of themselves, constitute a market barrier—rather, what studies and
programs identify as upfront cost barriers are actually the result of a number of underlying market barriers.*' Specifically,
customers may lack access to financing to cover the higher upfront costs of energy efficient equipment, or they may lack
information about equipment performance to properly assess its long-term payback. On the supply side, higher upfront costs
for newer energy efficient technologies may be driven by suppliers facing poorer economies of scale for low-volume
products and services that have not yet been widely adopted. Regardless of how high upfront cost fits into the market
barriers framework, programs have long recognized it as a key barrier and designed and successfully deployed
interventions—e.g., financial incentives and financing offerings—to help customers cover the upfront costs of energy
efficiency measures that they were otherwise unwilling to pay for.

The NHSaves 2022-2023 Plan cites several barriers that align with these categories, most notably financial barriers,
informational barriers, and supplier barriers. As noted in the literature, financial and informational barriers have been the
most commonly cited barriers, and are the primary focus of core program interventions such as financial incentives and
marketing and awareness campaigns.*? The third category, supplier barriers, has been well understood since the early days
of energy efficiency programs, but has received increased attention in recent years due to a growing shortage of contractor
and other workforce, as well as an increase in midstream and upstream program designs targeting distributors and retailers.

40 See Eto and Golove, 1996; Eto, Prahl, and Schlegel, 1996; New South Wales Government (2017). "A guide to categorising market failures for government policy
development and evaluation.” New South Wales Department of Industry.

“1 Eto and Golove, Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency 1996; Eto, Prahl, and
Schlegel, A Scoping Study on Energy-Efficiency Market Transformation by California Utility DSM Programs, 1996.

2 Ibid.
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The literature also identifies multiple underlying barriers within each category. This deeper understanding of barriers allows
for fine-tuning program interventions. For instance, informational barriers in general might be addressed through increased
marketing, but if the key underlying barrier for a technology is performance uncertainties (e.g., for emerging technologies
with a relatively shorter record of operational performance), an intervention that focused on equipment performance, such as
warranties or demonstrations, would be more effective.

A summarized list of the types of barriers identified in the foundational literature is presented in Table 4-1, alongside the
barriers cited in the NHSaves 2022-2023 plan. A full list of categorized barriers from the foundational literature review is
provided in APPENDIX A.
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Table 4-1. Energy efficiency barriers identified in foundational literature and the NHSaves plan

Barrier NHSaves 2022-2023 Plan Summary of Foundational Literature
Category

Financial

Informational

Organizational

Supply and
provision

Behavioral

Public policy

Incremental price difference between
standard and high efficiency goods and
services

Lack of customer awareness related to:
e benefits of energy efficiency

¢ existence of high-efficiency alternatives.

e where to purchase high-efficiency
equipment/quality installation.

how and when to reduce demand during

system peaks.

N/A

o Insufficient retailer stocking: Midstream
(retailers/ distributors) fail to stock high-
efficiency products

e Building trades lack sufficient cadre of
trained personnel, awareness,
experience, or commitment to high-
efficiency practices, both for existing
building renovations and new
construction

N/A

N/A

Limited access to financing and capital constraints

Hidden costs not captured by the price of efficiency investments, such as technical
risks or O&M costs

Hassle or transaction costs, such as the time, materials and labor involved in obtaining
or contracting for energy-efficient products or services

Lack of awareness of savings potential

Lack of confidence that advice received on pursuing energy efficiency is trustworthy
and credible

High information or transaction costs for research on the availability of efficient
technologies, to assess and verify vendor claims, find qualified contractors, and judge
equipment uncertainties.

Split incentives, where building occupants who pay energy bills are not responsible for
purchasing energy efficient equipment; rather owners, landlords or developers are
Organizational behavior or systems of practice that discourage or inhibit cost-effective
energy efficiency decisions, for example, corporate or government procurement rules
Culture and values held by key individuals in a company that influence that company’s
decisions

Training and skills of professionals

Product or service unavailability: a failure of manufacturers, distributors, or vendors to
make a product or service available in a given area or market

Innovation externalities: a firm that develops or implements a new technology typically
creates benefits for others, and hence has an inadequate incentive to increase those
benefits by investing in technology

Non-economic consumer rationality: energy users influenced by factors such as
appearance, public or peer opinions, and personal obligation or habit.

Bounded Rationality: The behavior of an individual during the decision-making process
that either seems or actually is inconsistent with the individual’'s goals

Lack of interest and undervaluing energy efficiency benefits due to social group
interactions, customs, and habits

Externalities: costs that are associated with transactions, but that are not reflected in
the price paid in the transaction (e.g., the potentially harmful consequences of
economic activities on the environment)

Prices faced by consumers in electricity markets may not reflect marginal social costs
due to the common use of average-cost pricing under utility regulation. Average-cost
pricing could lead to under- or overuse of electricity relative to the economic optimum.
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4.3 Program interventions

To overcome barriers, programs use a range of interventions that are as varied and targeted as the barriers they are
intended to address. The most common types of program interventions are financial—e.g., rebates and financing—and
informational—e.g., marketing and educational campaigns.*® However, successful programs tend to use multi-pronged
approaches that include several forms of interventions targeting the same set of customers or technologies. Such
approaches acknowledge that customers and suppliers often face multiple barriers, and overcoming or reducing one barrier
will not always be sufficient to induce participation. For instance, a customer who is unaware of a program (informational
barrier) may be informed via advertising, but the advertisement will not be sufficient to induce participation if they cannot
access financing or otherwise afford to install energy saving equipment. Even if informational and financial interventions are
effective, customers will be unable to install energy saving equipment if there are no contractors available to perform the
work.

Well-designed program interventions are based on careful analysis and insights from customers and suppliers about the
barriers they face, ideally drawn from first-hand relationships or primary research. Successful interventions “must be based
on a sound understanding of the market problems they seek to correct and a realistic assessment of their likely efficacy. This
understanding can only emerge from detailed investigations of the current operation of individual markets.”** The information
needed to design effective program interventions can be gathered over time through direct experience working with
customers and trade allies, and when needed, through focused research involving surveys, focus groups, market data
analysis and other methods.

Table 4-2 provides general categories of program interventions, and the information needed to design them.

Table 4-2. Types of program intervention and information supporting effective design

Intervention Description Information Supporting Effective Design
Type
. . Rebates, discounts, or other incentives (including Data on equipment and project costs,

Financial ) ) - - o
. . financing) paid to customers, contractors, research on customer price sensitivity, access
incentives e . .

distributors, or manufacturers to and preferences for financing

. Marketing and educational materials or campaigns ~ Market research, program and technology
Information and : o . ) .
romotion targeting customers, manufacturers, distributors, awareness studies, media and audience

P and retailers research

Engineering, design, and other technical support RESEENEN @) (el el SEmoe,
Technical ! 9 n, ar . PP customers’ technical capabilities and

. services, typically provided to assist customers R : :

assistance ; . limitations, technical assistance vendor

with large, complex projects . A

capabilities and limitations
. Educational and informational resources, training

Training and and technical support, joint promotion and Technological and engineering expertise,
Trade Ally advertising support provided to contractors or other ~ workforce capacity research, market research
support trade allies

The NHSaves 2022-2023 plan identified several interventions that generally align with the categories above, and Figure 4-1
shows the program spending on those interventions in 2021.45 Although rebates and associated services comprise the bulk
of program spending, it is important to note that this spending covers a range of more specific intervention types beyond

“3 Eto, Prahl, and Schlegel, A Scoping Study on Energy-Efficiency Market Transformation by California Utility DSM Programs, 1996. The study notes that “if a market barrier
is lowered, market adoption of energy-efficient products, services, or practices will increase. We recognize, however, that reducing any one market barrier may not
lead to increases in adoption because other barriers may remain or be reinforced, or new barriers may be introduced.”

“ Eto and Golove, Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency, 1996

45 See https://www.puc.nh.gov/Regulatory/Docketbk/2020/20-092/LETTERS-MEMOS-TARIFFS/20-092 2022-03-01 NH UTILITIES NHSAVES-PLAN.PDF, pages 23 and
45.
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direct customer rebates, including technical assistance services, incentives for distributors and retailers to stock and sell
efficient equipment, and installation contractor services and incentives. In addition, the dollar amount of spending on
interventions should not be considered a measure of their importance or effectiveness in overcoming barriers or inducing
participation. For instance, a marketing campaign that reaches hundreds of thousands of customers may be a fraction of the
cost of an incentive payment for one large C&l project. However the New Hampshire spending values below provide a
general scale of the costs of circumventing different barriers, whether financial (rebates) or informational (promotion and
marketing).

Figure 4-1. NHSaves 2021 spending on program interventions, by sector (millions)

Residential cal
$0.2

m Rebates and associated services (downstream)

Rebates and associated services (new equipment/construction)
m Rebates and associated services (midstream)

Financing
m Promotion, marketing and customer engagement

The costs programs must incur for energy efficiency—in particular, the cost for customer rebates—is directly related to the
level of savings being pursued. All else equal, the first savings achieved will be those with the lowest customer and market
barriers, which also tend to require the lowest levels of incentives. Deeper savings levels, in general, require more generous
incentives and more effort by program administrators to achieve. This dynamic can be seen in the increasing cost of savings
faced by programs as they shift away from highly cost-effective measures such as lighting, where markets have been more
transformed, toward measures such as controls, which are generally less cost-effective and less widely adopted due a range
of market barriers, as discussed in section 5.4.

4.3.1 Market transformation and resource acquisition
Energy efficiency programs generally fall into two broad categories, based on their objectives and design: 46
e Resource acquisition programs are designed to target specific sets of customers and market actors, and specific

purchasing decisions. The general objective of these programs is to engage participants by circumventing individual
customer barriers to achieve discrete project-level savings typically measured against short-term (e.g., annual) goals.

4 A more detailed explanation of these categories of programs was submitted by the NH Utilities in IR 22-042 Investigation of Energy Efficiency Planning, Programming,
and Evaluation, Joint Responses to Commission inquiries by NH Utilities, Nov. 30, 2022.

DNV — www.dnv.com Page 19



DNV

o Market transformation programs are designed to create long-term changes in the structure and function of markets.
The general objective of these programs is to eliminate market-level barriers to the supply of energy efficiency, creating
widespread changes in markets that persist after program interventions have been removed.

In designing interventions and measuring their effectiveness, it is important to consider the objectives and limitations of state
energy efficiency programs. Barriers can be driven by factors that are beyond the reach of many program interventions. For
instance, national and regional labor and workforce trends, disruptions in global supply chains and international energy
markets, and shifting public policies can all influence the level of barriers customers and market actors face. For states such
as New Hampshire, where program budgets and local markets are small relative to the regional or national markets in which
they operate, it is important to consider the tradeoffs between resource acquisition and market transformation approaches.
In general, the NHSaves programs are designed to be resource acquisition programs, not market transformation programs.
As such, they generally aim to circumvent specific customer or market actor barriers through individual transactions, rather
than aiming to eliminate barriers to a particular technology market-wide by achieving systematic changes to the market.
Table 4-3 provides an overview of the tradeoffs, in terms of strengths and limitations, between these two general categories
of program designs.

Table 4-3. Resource acquisition and market transformation strengths and limitations

Program Design

Resource acquisition

Market transformation

Strength

Ability to identify, predict, and
quantify savings impacts, due to the
specificity of time, place, equipment,
and participants involved in the
purchase and installation of energy
efficiency measures.

Ability to create enduring changes in
the structure and function of
markets, achieving larger-scale,
longer-lasting energy savings and
addressing barriers beyond the
reach of specific customer
purchasing decisions.

Source: Adapted from Eto, Prahl, and Schlegel, 1996.

4.4 Measuring success

Limitation

Limited ability to address market barriers that are
driven by factors beyond those at play in specific
purchasing and installation decisions. Examples of
such barriers include organizational barriers (e.g., split
incentives), or supply barriers (e.g., equipment
stocking, workforce capacity).

Savings impacts are harder to predict and measure,
since they occur as an indirect result of program
influence via multiple causal relationships between
market actors (e.g., manufacturers, distributors, and
customers), rather than via direct impacts on customer
decisions.

In addition, the potential effectiveness of market
transformation interventions is limited by the size and
reach of a program relative to the broader market it
seeks to transform.

As barriers are overcome, there are two general frameworks for measuring the resulting increases in energy efficiency,

based on the literature we reviewed: (1) technology adoption and (2) technology advancement, as described below. There

are also different metrics for measuring program success within these frameworks. Most commonly, program attribution

research—also known as net-to-gross (NTG) research—is used to measure the extent to which increases in adoption of

energy efficiency are due to program interventions circumventing individual customer or market actor barriers or eliminating
them market-wide.
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4.4.1 Technology adoption

There are well-established methods for conceptualizing and modeling the adoption of new technologies over time, building
on research dating back to the 1960’s.4” These modeling techniques have seen widespread application in industry settings,
academic research, DOE National Laboratory research, and federal rulemaking processes.*® They assume a process for
technology adoption and diffusion, by which new, economically superior technologies are adopted gradually at first, and then
with increasing speed until reaching a market saturation point at which adoption slows.*® The models reflect heterogeneity
among consumers in their likelihood to adopt, due to differences in financial circumstances, lifespan of existing equipment,
and levels of awareness of new technologies, among others. This heterogeneity results in different groups of consumers
adopting at different points in time, starting with innovators and ending with laggards, as shown in the light blue curve in
Figure 4-2. As successive groups of consumers adopt a given technology, its cumulative market share increases, as shown

in the dark blue adoption curve.

Figure 4-2. Innovation diffusion and adoption curve
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Source: Adopted from E. Rogers. Diffusion of innovations. 1962.

Technology adoption tends to follow this S-shaped pattern over time, with initially slow uptake followed by more rapid
increase in adoption rates, and finally a levelling off as the market nears its full adoption potential. The adoption of different
lighting technologies provides a useful illustration of this dynamic. Figure 4-3 shows a generalized representation of adoption
for multiple lighting technologies, based on our literature review (see sections 5.1 and 5.4 for further details). Residential
LEDs have generally reached a point of market saturation whereby barriers are mostly overcome, the pace of adoption has
slowed as most consumers have already adopted LEDs, and there is little remaining savings to be had. In contrast,
advanced C&l lighting controls are in the earlier stages of adoption and are seeing an increased pace of adoption as barriers
are overcome for many consumers. Commercial occupancy sensors are at a mid-point in the adoption curve, where a

“7 Bass, F. M. (1969). A New Product Growth Model for Consumer Durables. Management Science, Vol. 15 page 224.

“8 Robert Van Buskirk, Estimating Energy Efficiency Technology Adoption Curve Elasticity with Respect to Government and Utility Deployment Program Indicators, 2013,
https://www.osti.gov/biblio/1164376; Everett Rogers, Diffusion of Innovations, 5th Edition, 2003, https:/books.qoogle.com/books?id=9U1K5L[UOwWEC. Simon and
Schuster, ISBN 978-0-7432-5823-4; Federal Register, DEPARTMENT OF ENERGY 10 CFR Part 430, Energy Conservation Program: Energy Conservation
Standards for General Service Lamps, A Proposed Rule by the Energy Department, 2023 https://www.govinfo.gov/content/pka/FR-2023-01-11/pdf/2022-28072.pdf.

4 Adam B. Jaffe, Economics of Energy Efficiency, Brandeis University and National Bureau of Economic Research; Richard G. Newell, Resources for the Future; Robert N.
Stavins, Harvard University, 2004.
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majority of commercial businesses have adopted the technology, the pace of adoption is slowing, and barriers remain for a
minority of consumers.

Figure 4-3. Adoption of selected energy efficient lighting technologies
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Adoption curves are widely used to model the relationship between program interventions and the adoption rate of energy
efficient products. This use includes U.S. DOE research to create tools for prioritizing investments in building sector energy
efficiency measures, using adoption-based energy savings estimates as a metric to evaluate the potential impact of
investments in different technologies in an energy efficiency portfolio. These energy savings estimates reflect the difference
in energy usage between a baseline scenario and a program intervention scenario, each of which has different rates of
technology adoption. The scenarios can be modeled using sales data and other information on the market share of efficient
products in different states with different levels of program activity, to estimate correlations between technology adoption
and program interventions. Such techniques have found statistically significant correlations between utility program spending
and adoption of efficient appliances, lighting, and other technologies.>° They have also found that increased adoption of
efficiency measures such as building insulation and industrial motors is correlated with other factors, such as higher energy
prices and lower costs of adoption.®'

Adoption curves can also be used to model how different levels of program intervention—e.g., incentive levels, marketing
and training initiatives—can impact levels of adoption for different technologies at different points on the adoption curve. For
measures on the higher, flatter end of the adoption curve, there will be little proportional adoption for a given increase in
program incentives, whereas for measures on the steeper part of the slope, increased program spending will result in
greater increases in adoption. Ideally, programs will shift incentives away from those measures further along the adoption
curve, and toward other measures where incentives can result in proportionally larger increases in adoption.

In New Hampshire, the 2021-2023 Potential Study used technology adoption curves to estimate the savings potential of
different energy efficiency investments.5? Specifically, the study modeled potential savings by calculating market adoption as
a function of customer payback and a technology’s underlying market barrier level. The study modeled multiple savings

0 Robert Van Buskirk, Estimating Energy Efficiency Technology Adoption Curve Elasticity with Respect to Government and Utility Deployment Program Indicators, 2013.
https://www.osti.gov/biblio/1164376

51 Adam B. Jaffe, Economics of Energy Efficiency, Brandeis University and National Bureau of Economic Research; Richard G. Newell, Resources for the Future; Robert N.
Stavins, Harvard University, 2004.

52 Dunsky. New Hampshire Potential Study, Statewide Assessment of Energy Efficiency and Active Demand Opportunities, 2021-2023, 2020.
https://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/20201016-NHSaves-Potential %20Study-Final %20Report-Volume%201.pdf
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scenarios with varying levels of program incentives and other

“enabling strategies” for reducing barriers. Specifically, the

study estimated statewide savings opportunities for the 2021—

2023 NHSaves programs at each of the following levels of

savings potential:53

Technical potential reflecting savings from installing all
available efficiency measures, without consideration of
cost or willingness of users to adopt the measures.
Economic potential is subset of technical potential,
reflecting savings from installing all measures that pass
cost-effectiveness screening.

Achievable potential is subset of economic potential,
reflecting savings that can be realistically achieved given
real-world constraints (e.g., the natural turnover rate of
equipment) and market barriers. Three achievable
scenarios are modeled, using different assumptions for (1)
incentive levels, and (2) program “enabling” strategies for
reducing barriers—such as contractor training, targeted
marketing, and financing offerings. The scenarios are:

— Low: Incentives and enabling strategies at the levels of

the 2018-2020 NHSaves Plan

— Mid: Incentives raised to a minimum of 75% of

incremental cost, and increased enabling strategies

— Max: Incentives raised to 100% of incremental cost,

and same enabling strategies as mid scenario

The sidebar provides an introduction to potential studies, and
Section 4.5 includes details on the results of the 2021-2023
Potential Study.

4.4.2 Technology advancement

Adoption of a new technology is one stage in a larger process

Introduction to potential studies

Potential studies help inform energy efficiency
program planning by establishing guideposts for the
amount of savings programs might achieve, as well as
more detailed information on savings opportunities for
specific customer segments and measure types.

Potential studies quantify energy savings opportunities
in a jurisdiction by first obtaining data on the existing
energy using equipment and building stock in that
jurisdiction, referred to as baseline data. The baseline
data is entered into a model with data on energy
efficient equipment and associated savings, costs,
customer and market barriers, and other inputs.
Potential studies typically define three scenarios,
reflecting different levels of theoretical savings:
technical potential, economic potential, and achievable
potential. Achievable potential can be further classified
into a range of low to high savings scenarios.

Technical
Potential

Economic
Potential

Achievable
Potential

(Min., Mid,
EVS)

of technology advancement, which generally follows cyclical patterns from development and deployment of new

technologies, to broad market adoption and standard practice baselines, followed by development of new codes and

standards. The literature defines this process and its stages as follows:3*

Technological change: the process of invention, innovation, and diffusion whereby greater and/or higher quality outputs

can be produced using fewer inputs.

Invention: the development and creation of a prototype new idea, process, or piece of equipment.

Innovation: the initial market introduction or commercialization of new process or product inventions.

Diffusion: the gradual adoption of new process or product innovations by firms and individuals.

Stavins, Harvard University, 2004.

% Dunsky. New Hampshire Potential Study, Statewide Assessment of Energy Efficiency and Active Demand Opportunities, 2021-2023, 2020.
5 Adam B. Jaffe, Economics of Energy Efficiency, Brandeis University and National Bureau of Economic Research; Richard G. Newell, Resources for the Future; Robert N.
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Market transformation: Following widespread adoption, technologies previously considered high efficiency become
standard, baseline technologies, and the cycle begins again.

This cycle of technology advancement is influenced by many factors, including program interventions, which often act to
accelerate the pace of advancement across the stages. Market transformation programs (see Section 0) are designed to
create long-term changes in the structure and function of markets, and in doing so, can spur invention, innovation, and
diffusion of efficient technologies. Federal or state codes and standards act in concert with program interventions to assure
uniform, minimum levels of efficiency, encouraging innovation and allowing for economies of scale in manufacturing. In
addition, energy labeling programs such as ENERGY STAR® help inform consumer decision making and have been found
to stimulate private investment in innovations to increase energy efficiency.% This framework of policy and program supports
has helped spur advancements in efficient lighting and appliances, as shown below for refrigerators.

Market transformation—residential refrigerators

Modern refrigerators use about 70% less energy than the average household refrigerator of the 1970s, while over the same
time span refrigerators have grown larger.%¢ This advancement was primarily driven by DOE-funded research and innovation
in compressor technology,®” which was followed by more stringent federal energy efficiency standards for refrigerators and
adoption of the new compressor technology by manufacturers. Federal standards for refrigerators have been updated
multiple times since the 1980s, and each time manufacturers have met the standards with innovations such as improved
insulation, compressor efficiency, and fan motor efficiency. Further driving efficiency levels forward during this period, the
EPA developed certification and labeling for high-efficiency products under the ENERGY STAR® program, while state

energy efficiency programs such as those offered by NHSaves provided incentives and marketing for ENERGY STAR®

appliances.®® Figure 4-4 illustrates this cycle of technological advancement and program interventions.

Figure 4-4. Technological advancements and program interventions, residential refrigerators
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% Richard Newell, Adam Jaffe, and Robert Stavins, The Induced Innovation Hypothesis and Energy-Saving Technological Change, The Quarterly Journal of Economics, vol.
114, no. 3, 1999. Pages 941-975.

% Andrew deLaski and Joanna Mauer, Energy-Saving States of America: How Every State Benefits from National Appliance Standards, An ASAP and ACEEE White Paper,
2017.

57 National Research Council, Energy Research at DOE: Was It Worth It? Energy Efficiency and Fossil Energy Research 1978 to 2000, National Academies Press, 2001.

% David Austin, Congressional Budget Office, Addressing Market Barriers to Energy Efficiency in Buildings, 2012.
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Beyond program and policy interventions, energy prices are a key factor that has been found to influence the pace of
advancement of energy efficient technologies. For example, researchers have found significant positive correlations
between the price of energy and the number of patent applications for energy conservation technologies such as waste heat
devices, heat pumps, and fuel cells. Other research has found that increases in energy prices have been followed by
increased innovations in the energy efficiency of commercialized technologies such appliances, automobiles, and aircraft.%°
The effect of energy prices on technology advancement can be enhanced by requirements for energy efficiency product
labeling (e.g., ENERGY STAR®), according to literature we reviewed.?° Researchers hypothesized that labeling increased
consumers’ responsiveness to energy prices, and thereby increased suppliers’ incentive to offer more energy efficient
models as energy prices increased.

4.4.3 Net program impacts

Understanding the extent to which increases in technology adoption are due to program interventions requires research on
program attribution—also known as net-to-gross (NTG) research. This area of research helps measure the impact of
programs on customer decisions to purchase energy efficient equipment, and on other market actors’ decisions to stock,
promote, and sell energy efficient equipment. Savings from energy efficiency programs can be measured in terms of their
gross impacts, and their net impacts, as follows:

e Gross savings reflects the difference in energy consumption with the energy-efficiency measures promoted by the
program in place versus what consumption would have been without those measures in place

¢ Net savings reflects the difference in energy consumption with the program in place versus what consumption would
have been without the program in place. Net savings account for the impact of:

—  free-ridership—savings from participants who would have implemented a measure or practice in the absence of the
program, and
— spillover—energy savings that are due to the program but occur outside of participants’ program-rebated projects.®’

Using these savings values, a NTG ratio can be calculated as the ratio of net savings to gross savings. Simply, it reflects the
amount of gross program savings that can be attributed to the program.

As markets transform, NTG generally decreases, since fewer customers face barriers and program technologies start to
become standard practice—that is, an increasing share of customers would purchase the technologies without program
intervention. In general, higher NTG values reflect markets and technologies where program intervention is needed to
circumvent barriers, and lower NTG values indicate markets and technologies where barriers have increasingly been
circumvented or eliminated without the need for program intervention.

4.5 Quantifying barriers in New Hampshire

There have been several evaluations in New Hampshire that included some research on barriers, although primary New
Hampshire-based research quantifying barriers has been limited. Recent evaluations of the ENERGY STAR® Homes, Home
Energy Assistance (HEA), and Home Performance with ENERGY STAR® (HPWES) programs identified some specific
barriers to energy efficient weatherization and residential new construction based on qualitative surveys and interviews (see
sections 5.2 and 5.3), but the evaluations did not quantify the impact of these barriers or the costs to overcome them.

% Adam B. Jaffe, Economics of Energy Efficiency, Brandeis University and National Bureau of Economic Research; Richard G. Newell, Resources for the Future; Robert N.
Stavins, Harvard University, 2004.

& Richard Newell, Adam Jaffe, and Robert Stavins, The Induced Innovation Hypothesis and Energy-Saving Technological Change, The Quarterly Journal of Economics, vol.
114, no. 3, 1999. Pages 941-975.

5" DOE, National Renewable Energy Laboratory, The Uniform Methods Project: Methods for Determining Energy Efficiency Savings for Specific Measures, Chapter 21:
Estimating Net Savings — Common Practices, https://www.nrel.gov/docs/fy170sti/68578.pdf.
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However, as noted in Section 4.4.1, the 2021-2023 New Hampshire Potential Study did estimate the impact of barriers on
savings opportunities for the NHSaves portfolio using quantitative modeling techniques. Specifically, the study modeled
several achievable savings scenarios that assumed different levels of barriers and included different levels of program
incentives and enabling strategies for reducing barriers—such as contractor training and support, targeted marketing, and
financing offerings. The scenarios used to model achievable savings for the 2021-2023 period were:%?

e Low achievable: incentives and enabling strategies at the levels of the 2018-2020 NHSaves Plan

¢ Mid achievable: incentives raised to a minimum of 75% of incremental cost, and increased enabling strategies

¢ Maximum achievable: incentives raised to 100% of incremental cost, and the same enabling strategies as mid
scenario®?

It is important to note that the study did not include primary research to enumerate and quantify market barriers in New
Hampshire. Rather, the study used generalized assumptions of market barrier levels that define maximum adoption rates for
each measure based on market research and professional experience. New Hampshire-specific primary research would be
needed to ground-truth these model results.

The team re-analyzed this data to estimate the scale of savings that barriers are preventing and identify what savings
programs may be able to achieve by overcoming them. In general, the NHSaves programs are designed to be resource
acquisition programs, not market transformation programs. As such the Potential Study model represents achievable saving
from circumventing specific customer or market actor barriers as part of individual transactions, rather than achievable
savings from market-wide elimination of barriers. Using the Potential Study’s achievable savings scenarios, the impact of
market barriers on adoption of energy efficiency can be estimated based on the growth in savings when moving from the
low, to mid, to maximum achievable scenarios. Specifically, larger increases in savings between the scenarios reflect a
greater impact from increased incentives and enabling activities to circumvent barriers. In other words, greater increases
reflect programs or measures where there is more potential savings to be unlocked by circumventing barriers. Figure 4-5
shows residential and business sector lifetime electric and gas savings for the 2023 program year, for each of the three
achievable scenarios modeled in the study. As shown in the figure, there is a significant increase in potential savings moving
from the low to mid to maximum achievable scenarios, with the residential sector showing a larger percentage increase,
particularly for gas savings, and the business sector showing a larger absolute increase in savings due to increased
program incentives and enabling activities to circumvent barriers.

%2 |n addition to achievable savings, the study modeled economic savings potential, which reflects savings from the installation of all measures that pass cost-effectiveness
screening, regardless of barriers.

% Incremental costs are foundational to energy efficiency program planning and cost-effectiveness testing. They represent the difference in cost between baseline, standard
efficiency technologies and the energy efficient measures the programs offer.
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Figure 4-5. Achievable savings scenarios, 2023 electric (MWh) and gas (MMBtu) lifetime savings
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Source: DNV analysis of 2021-2023 New Hampshire Potential Study results

These increased savings levels require increased levels of program spending on incentives and enabling strategies. To
account for both the savings and the costs, the NHSaves Potential Study also modeled portfolio-wide benefits and costs for
each scenario, using the GST.%* As shown in Figure 4-6, the scenarios all have positive net benefits, with the mid-level
achievable scenario seeing the greatest net benefits under the GST. As noted in the Potential Study, there are diminishing
returns to increasing incentive levels to 100% of incremental costs, as in the maximum achievable scenario. That is, the
increase in adoption of energy efficient technologies is smaller, in terms of benefits, than the increase in program costs
needed to cover the full incremental costs of those technologies.

Figure 4-6. Granite State Test net benefits for 2023 achievable savings scenarios
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Source: DNV analysis of 2021-2023 New Hampshire Potential Study results

5 As noted above, this report as well as the 2021-2023 Potential Study assumes the Granite State Test (GST) to assess program cost-effectiveness. The GST was
developed through a stakeholder process that culminated in a consensus recommendation to adopt the test, followed by Commission approval and subsequent
legislation establishing the GST as the primary cost-effective test for New Hampshire’s energy efficiency programs. See
https://www.puc.nh.gov/Regulatory/Docketbk/2017/17-136/ORDERS/17-136_2019-12-30 ORDER 26322.PDF and
https://gencourt.state.nh.us/bill_status/legacy/bs2016/bill_status.aspx?Isr=717&sy=2022&sortoption=&txtsessionyear=2022&txtbillnumber=HB549.
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This analysis of portfolio-wide savings scenarios and net benefits provides some insight on the impact of barriers on
program savings, but it obscures important differences between programs, measure types, and customer segments. For
instance, within the residential sector, there are minimal increases in achievable savings for lighting measures between the
low, mid, and maximum scenarios (see Section 5.1) due to the greater extent of market transformation for lighting, while
there are much larger increases in achievable savings for weatherization measures between the scenarios (see Section 0).
The actual portfolio savings and net benefits achieved in coming years will depend in large part on the mix of measures the
programs incentivize. As markets transform and barriers are overcome for highly cost-effective lighting measures, programs
will see an increasing share of savings and costs for less cost-effective non-lighting measures, decreasing overall portfolio
net benefits. These differences are key to planning future programs, and Section 5 includes qualitative and quantitative
information on the different impact of barriers for the measures included in each case study topic.

Figure 4-7 shows how modeled savings increases moving from low to maximum achievable potential scenarios for the
measures in each case study topic. As with Figure 4-5, larger increases in savings between the scenarios reflect a greater
impact from increased incentives and enabling activities to overcome barriers. In other words, greater increases reflect
programs or measures where barriers are preventing larger amounts of potential savings from being achieved. In contrast,
small increases in savings imply there are few barriers that programs can mitigate. Among case study measures, residential
weatherization sees the greatest savings increase—in both percentage and absolute terms—from increased incentives and
enabling activities to overcome barriers. LEDs, in contrast, show a relatively minor increase in savings moving from the low
to maximum achievable potential scenarios. These low barriers are consistent with an assumption of a largely transformed
market for retail lighting.

Figure 4-7. New Hampshire 2023 achievable savings scenarios for case study measures
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Source: DNV analysis of 2021-2023 New Hampshire Potential Study results

On their own, the modelled results from the New Hampshire Potential Study are not definitive evidence of the state of
market transformation or elimination of market barriers for the case study measures. However, when considered alongside
other indicators, the achievable savings results help identify program areas where market barriers have been largely
eliminated, and a market exit strategy should be considered for the programs. Among case studies in our review, retail
lighting had the most consistent evidence of market transformation—including studies showing minimal price differences
between LEDs and baseline lighting products, and LEDs capturing an overwhelming share of the retail lighting market, even
in states without retail lighting programs. In other cases, the Potential Study shows relatively small increases in achievable
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savings from increased incentives and enabling strategies, but other indicators and research show that customers and
market actors continue to face barriers. For instance, our case study of residential new construction found that, despite small
increases in achievable savings in the Potential Study, residential new construction programs can continue to achieve
savings by increasing program efficiency requirements to ensure participating homes stay ahead of the broader new
construction market.
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5 MARKET BARRIERS CASE STUDIES

New Hampshire-specific market research on most of the following case study topics exists but is fairly limited in its coverage
of market barriers. More broadly in New England and the Northeast, the research is more robust, so publicly available
research from peer states is incorporated below where necessary to portray the broader market and the relevant barriers.
Any figures reproduced from non-DNV research are shown in gray borders with sources for the original reports. The case
studies identify gaps where primary New Hampshire-based research such as customer surveys, market actor interviews,
sales data analysis, or other methods would allow for a fuller assessment of the Commission’s lines of inquiry, particularly on
quantifying end-user barriers and the extent to which New Hampshire programs have circumvented or eliminated them.

5.1 Residential retail lighting
5.1.1 New Hampshire program overview

Retail lighting has been an energy efficiency offering for over two decades in New Hampshire. Retail lighting offerings have
changed forms over time and have been included in each NHSaves plan since the Energy Efficiency Resource Standard
(EERS) was established, as part of the ENERGY STAR® Lighting program. The program incentivizes high-efficiency lighting
in retail channels to increase ease of adoption and reduce barriers associated with the technology, and in recent years, the
program has focused incentives on light-emitting diode (LED) Bulbs (general service lamps, linear, other specialty, and
reflector) and LED fixtures. Program bulbs can replace any number of bulb technologies, such as incandescent or CFL, in
an existing fixture. The program’s upstream delivery model seeks to reduce barriers around retailer stocking practices,
customer awareness, and upfront cost by incentivizing the stocking and sale of high efficiency products. This delivery model
also reduces customer and supplier burden by avoiding the need for rebate forms or project paperwork.

NHSaves and other state energy efficiency programs have worked in concert with federal and industry bodies to set
standards and encourage the manufacture, stocking, and sales of high efficiency lighting, as illustrated in Figure 5-1.

Figure 5-1. Residential LED lamp market structure: key market actor groups

U.S. EPA
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Source: DNV, 2015. Final Report of Massachusetts LED Market Effects: Baseline Characterization. Prepared for the Massachusetts Energy Efficiency Program
Administrators (PAs) and Energy Efficiency Advisory Council (EEAC).
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5111 Energy Independence and Security Act

Passed by Congress in 2007, the Energy Independence and Security Act (EISA) included critical policy interventions in the
lighting market that underlie the discussion of barriers and interventions in the following section. Specifically, EISA requires
certain general service lamps (GSL)® to meet specified standards for lumens® per watt. Although EISA did not explicitly ban
incandescent lamps, the standards it established could not be met by traditional incandescent lamps. As such, EISA began
to push some traditional incandescent lamps out of the market and force a shift to high-efficiency technologies.

EISA included a second, more stringent phase of regulations, originally set to begin in 2020, requiring at least 45 lumens per
watt for all GSLs, and effectively eliminating most of the remaining incandescent and halogen screw-in lamps from the
market. However, the impact of this phase was delayed due to the federal regulatory process and changes in the
administration. Specifically, during the Obama administration, revised guidelines on the efficiency of GSLs were instated,
and then rolled back during the Trump administration. In August 2021, the Department of Energy proposed reinstating these
standards, including expanding the definition of GSLs to include other lamp types such as reflectors and candelabras that
were previously exempt. As part of this reinstatement, a 45 lumens per watt standard applied to a majority of bulb types,
rendering a majority of incandescent and halogen lamps not up to standard. This standard allowed for the production of non-
compliant lamps through December 2022, and the sale of non-compliant lamps through July 2023.67 DOE has stated that it
will enforce penalties on non-compliant retailers beginning in July 2023.

5.1.2 Barriers

51.21 Financial barriers

Price—more specifically, the upfront incremental cost difference between a high efficiency product and its baseline
technology counterpart—is a well-established barrier to adoption of energy efficiency, and lighting is not unique. The energy
savings from LEDs is substantial—the LED equivalent to a 60-watt incandescent bulb uses roughly 6-8 watts, or 85%—90%
less energy than its predecessors®®—but customers must pay higher upfront costs in order to benefit from these savings.
Retail pricing research has previously found that nearly all LED lighting technology types are higher priced than their first tier
EISA compliant baseline counterparts.®® However, this price differential has steadily decreased since LEDs were first
introduced in retail outlets. In 2015, research on pricing and customer barriers found that initial upfront cost was still the
primary barrier to increased LED adoption, but that research and development efforts by manufacturers and program
interventions were driving down customer costs.’® As recently as 2019, market research found that programs should
continue to play a role in supporting LEDs, as they were not yet cost-competitive with baseline technologies, which were still
widely available in stores and expected to remain so for several years.”' However, continued declines in LED prices since
then is further evidence of the rapid transformation of the retail LED market and the gradual elimination of upfront cost
barriers on a market-wide level.

These price trends can be seen in Figure 5-2 for New Hampshire and other New England states, taken from recent lighting
sales data research in the Northeast. 72 The trends were also found in states without upstream lighting programs, which saw
decreasing prices as the nationwide market transformed due in part to programs’ upstream influence on manufacturers.

% EISA defines a general service lamp as a standard incandescent or halogen lamp that: 1) is intended for general service applications, 2) has a medium screw base, 3)
falls within a range of 310 to 2,600 lumens, and 4) is capable of being operated at a voltage at least partially within the range of 110 and 130 volts.

% Lumens are a measure of the total quantity of visible light emitted.

57 Dan Eisenberg, Aaron Goldber, and Jack Zietman, U.S. Department of Energy Finalizes Rules to Impose Stringent Efficiency Standard on Most Lamps, 2022.
https://www.bdlaw.com/publications/u-s-department-of-energy-finalizes-rules-to-impose-stringent-efficiency-standard-on-most-lamps/.

% Superior Lighting, Guide to Buying Equivalent Wattage LED Lights, 2016. https://www.superiorlighting.com/blog/guide-to-buying-equivalent-wattage-led-lights-1c400f/.

% Energize CT, Connecticut R1963b Short term residential lighting report, 2020
https://energizect.com/sites/default/files/documents/R1963b_STLighting FINAL%Z20Report 102920 0.pdf.

70 DNV, Massachusetts LED Market Effects: Baseline Characterization, 2015. https://ma-eeac.org/wp-content/uploads/LED-Market-Effects-Baseline-Characterization-Final-
Draft.pdf.

™ Ibid.

"2NMR Group Inc., 2019 Regional Lighting Sales Data Analysis (MA20R22-E) FINAL, 2020 hitps://fileservice.eea.comacloud.net/FileService.Api/file/FileRoom/14263212.
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Figure 5-2. Market-level LED price trends, 2016-201973
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Source: NMR, Connecticut R1963A, Short term residential lighting report, 2020.

According to this research, the low shelf prices of LEDs in Connecticut, Massachusetts, and Rhode Island were due in part
to those states having relatively high per-bulb program incentives (i.e., program spending of more than $5 per household).”
New Hampshire was classified as a “moderate program state” (i.e., program spending of between $0 and $5 per household),
which in part explains the higher shelf price of LEDs in 2019 in New Hampshire relative to states with more aggressive
programs. The researchers also concluded that the low average LED price in non-program areas reflects several factors,
including that (1) retailers discounted LED prices in non-program states because those states had lower costs of living
across the board than program states, and (2) the average prices include both ENERGY STAR® and non-ENERGY STAR®
LEDs, the latter of which are less expensive but often lower quality. Regardless of these factors, the results provide
additional evidence that the market for retail lighting had been nearly transformed by the end of the 2010s.

51.2.2 Informational barriers

Consumer awareness of and confidence in efficient lighting technologies have been historic barriers to adoption of LEDs
and their predecessors, compact fluorescent lights (CFLs). Interventions including state efficiency program marketing and
education as well as federal standard setting, certification and labeling initiatives have evolved over time to address these
barriers. Energy efficiency programs nationwide began promoting CFLs in the 1990’s, but despite many years of program
support, consumer awareness of CFLs increased very slowly, and those who were aware were often dissatisfied with the
technology due to performance issues such as lighting quality, lamp size and shape, and environmental concerns. To
address informational barriers, regional groups including the Northeast Energy Efficiency Partnership (NEEP) worked with
retailers to provide training and marketing resources and with manufacturers and program administrators to adjust program
requirements. The U.S. DOE introduced the first ENERGY STAR® specification for CFLs in 1999, establishing national
standards for product quality to guide manufacturers and provide customers with product assurance.”®

3 SCS Analytics, Connecticut R1963b Short term residential lighting report, 2020.
https://energizect.com/sites/default/files/documents/R1963b_STLighting FINAL%20Report 102920 0.pdf.
" NMR Group Inc., 2019 Regional Lighting Sales Data Analysis (MA20R22-E) FINAL, 2020 https://fileservice.eea.comacloud.net/FileService.Api/file/FileRoom/14263212.
5 Kelly K, Rosenberg M. Some Light Reading: Understanding Trends Residential CFL and LED Adoption. ACEEE Summer Study on Energy Efficiency in Buildings, 2016.
https://www.aceee.org/files/proceedings/2016/data/papers/7_703.pdf.

DNV — www.dnv.com Page 32



DNV

Following the introduction of retail LEDs as an alternative to CFLs in the 2000’s, customer awareness showed little
improvement initially, and many customers remained skeptical of claims of performance after disappointing experiences with
CFLs—despite LEDs’ better performance and lighting quality, and significantly longer useful life.”® Through the early 2010’s,
research found that customers and market actors cited performance concerns as well as a general lack of familiarity with
LED products as barriers to their adoption. In part in response to these concerns, programs like the U.S. DOE’s Solid State
Lighting program and the DesignLights Consortium set standards for product quality, and in 2010 EPA added an ENERGY
STAR® specification for LEDs, which it continued to update as the market progressed.”” Manufacturers also partnered with
these efforts to establish LED performance criteria and testing protocols to help address quality concerns.”®

Building on this foundation, manufacturers, as well as retailers and energy efficiency program administrators, launched
widespread marketing and education campaigns to spur sales of new LED products. Recognizing consumer familiarity with
the ENERGY STAR® label, these information efforts often leveraged ENERGY STAR® branding—including in the program
names themselves, as was the case with New Hampshire’s ENERGY STAR® Lighting program. By the mid-2010’s,
customer awareness had improved significantly from when LEDs were first introduced in retail channels. For instance, 2015
research found that 84% of retail customers in Massachusetts and 80% in non-program comparison states had heard of
LEDs, and this trend of increased awareness has continued since then.”®

5.1.2.3 Supply and provision barriers

Retail stocking and manufacturer practices have posed historic barriers to adoption of efficient lighting products including
LEDs and CFLs, but state energy efficiency program interventions and federal and other organizational support has helped
to overcome them. In the early 2000’s, consumers often purchased replacement lamps at grocery stores instead of the big
box stores like Wal-Mart and Home Depot that are the predominant source of lighting today. Historically, the grocery retail
channel did not heavily stock CFLs and this lack of availability became an early barrier to their adoption.2°

Starting around 2010, the stocking of CFLs was on a steadily increasing trajectory in states with large energy efficiency
programs. In Massachusetts, retail shelf stocking research found that the share of shelf space devoted to CFLs among
stores that participated in the state’s ENERGY STAR® lighting program had grown from 33% of all bulb shelf space in 2010
to 68% in 2012 and 62% in 2013.8" Similarly in California in 2011, shelf stocking research found that advanced CFLs were
present in 87% of retail stores, including 100% of hardware and home improvement stores—though only 56% of discount
and 67% of grocery stores.8?

In the mid-2010s, the stocking of CFLs began to decline as LEDs gained a stronger foothold and began appearing on retail
shelves in greater numbers, particularly in states with upstream lighting programs. By 2015, Massachusetts research found
that 44% of retailers in Massachusetts and 32% in non-program comparison areas stocked LED products. This trend of
increased retail stocking of CFLs, and then LEDs, was mirrored further up the supply chain, in the share of ENERGY STAR®
partners—e.g., manufacturers—with ENERGY STAR®-qualified lighting products, as shown in Figure 5-3. In more recent
years, the trend of increasing partners has continued for each new iteration of ENERGY STAR® specifications.®

76 Ibid.

7 Ibid.

8 DNV, Massachusetts LED Market Effects: Baseline Characterization, 2015. https://ma-eeac.ora/wp-content/uploads/LED-Market-Effects-Baseline-Characterization-Final-
Draft.pdf.

9 Ibid.

8 Pacific Northwest National Laboratory, Compact Fluorescent Lighting in America: Lessons Learned on the Way to Market, 2006.

8" Cadmus & NMR, Massachusetts Residential Lighting Shelf Survey and Pricing Analysis FINAL REPORT, 2014.

82 DNV KEMA Energy & Sustainability, 2012. Fall 2011 California Lighting Retail Store Shelf Survey Report. Prepared for the California Public Utilities Commission Energy
Division. https://www.calmac.org/publications/2011_CALIFORNIA LIGHTING RETAIL STORE SHELF SURVEY FINAL REPORT CALMAC.pdf.

8 The EPA maintains a list of the ENERGY STAR qualified lamps which can be used as an indicator of lamp manufacturing organizations interest in producing lamps that
meet certain quality standards by analyzing the number of ENERGY STAR® partners with qualifying lamps over time. EPA has issued multiple versions of these
product specifications, with the first LED specification, version 1.0, going into effect on August 31, 2010.
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Figure 5-3. Number of ENERGY STAR® Partners with qualifying lighting products, by year and technology
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Source: DNV analysis of US EPA. Archived CFLs Qualified Product List, 2014; Archived Integral LED Lamps Qualified Product List, 2014; ENERGY STAR® Qualified Lamps
Product List, 2016; ENERGY STAR® certified light bulbs list, 2023.

Data on nationwide sales provide a broader view of the rapid evolution of the retail lighting market, first away from CFLs and
toward LEDs in the mid-2010s. In the late 2010s, the growth of LEDs continued, and they began increasingly displacing
baseline halogens and incandescent lamps, as shown in Figure 5-4. As of 2021, CFLs had all but disappeared from retail
shelves, and their market share reflected this, and halogen and incandescent lamps represented less than 25% of sales.
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Figure 5-4. U.S. retail lighting market share by technology, 2015 to 2021
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Source: DNV analysis of LightTracker data. https://www.creedlighttracker.com.

In the Northeast, where most states have had high levels of upstream lighting program activity, stocking practices were
generally ahead of the national trend, resulting in a small and shrinking presence of baseline lamps on store shelves by
2020. For example, 2020 research in Connecticut found that baseline halogen and incandescent bulbs were still available in
the retail market in certain channels—e.g., grocery and hardware stores—but that other channels such as club stores did not
carry any baseline lighting products. The study recommended the programs discontinue promotions and incentives at such
stores where the “product choice landscape already favors efficient LED products.”® Meanwhile, a 2020 study in New
Hampshire found, based on interviews with 19 manufacturers and retail buyers (collectively termed suppliers), that following
many years of program activity, most suppliers reported limited variation in stocking practices between program areas and
non-program areas (although three did report some remaining differences in the share of LEDs stocked between program
and non-program areas).®5 These stocking results add to the evidence of market transformation across the region.

5.1.3 Market trends

As shown in Figure 5-4 and discussed in the above sections, retail LEDs have seen widespread adoption in New
Hampshire, in New England, and nationally. The influence of state energy efficiency programs on this trend can be seen in
Figure 5-5 below, which shows the difference in LED market share between states with and without upstream lighting
programs. Program states have consistently seen higher LED market share than non-program states, but this gap has
shrunk as the broader market has transformed. Specifically, in 2015, LED market share in program states was 55% higher
than in non-program states, but by 2021, program states’ market share was only 8% higher than non-program states.

8 SCS Analytics, R1963B: SHORT TERM RESIDENTIAL LIGHTING REPORT, 2020.
https://energizect.com/sites/default/files/documents/R1963b_STLighting FINAL%20Report 102920 0.pdf

8 NMR, New Hampshire Lighting Supplier Insights report, 2020. https://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/20200814-NH-Lighting-
Supplier-Insights.pdf.
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Figure 5-5. LED Market Share in Program and Non-Program States, 2015-2021
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Source: DNV analysis of LightTracker data. https://www.creedlighttracker.com.

Similarly, in New Hampshire, market share has been found to outpace non-program states, but by a decreasing amount.
Figure 5-6, from the 2020 New Hampshire Lighting Supplier Insights report, shows the growth in market share (i.e., percent
of retail lighting sales) and projected increases from 2019 to 2023 for New Hampshire and non-program states, by lamp

type, based on interviews with lighting suppliers.8¢

Figure 5-6. New Hampshire and non-program?’ states market share predictions by bulb type, 2019-2023
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Source: 2020 New Hampshire Lighting Supplier Insights report, page 4. https://www.puc.nh.gov/Electric/Monitoring%20and %20Evaluation%20Reports/20200814-NH-
Lighting-Supplier-Insights.pdf.

5.1.31 Net-to-gross (NTG) ratios
As noted in Section 4.4.3, NTG ratios reflect the extent to which adoption of energy efficiency measures can be attributed to
the programs that offer them. Specifically, higher NTG ratios indicate a higher level of program influence and lower levels of

% The report notes some methodological limitations that may have caused these market share estimates to be higher than broader trends in program state market share
would suggest. These include the fact that the team interviewed only program partners and used question wording that forced LED-focused suppliers to report a

100% LED market share.
87 Non-Program state defined as state without retail lighting program such as Kansas, Alabama, etc.
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free-ridership among participants. Lower NTG scores reflect a larger share of participants who would have adopted the
efficient measure with or without the program. Generally, more transformed markets will see lower NTG values.

NTG ratios have not been directly evaluated for retail lighting in New Hampshire, but they have been studied throughout the
Northeast and nationwide. According to the New Hampshire Technical Reference Manual, New Hampshire applied
Connecticut’'s 2020 NTG values to the NHSaves programs in 2021, one year behind, to account for the relatively slower
pace of market transformation, due in part to fewer program LED bulbs per home in New Hampshire (2.5 bulbs per home in
2019) compared to Connecticut (4 bulbs per home in 2019).

Regardless of state, the trend for retail lighting is evident below in Table 5-1, which shows a steadily decreasing level of
savings that can be attributed to programs as LEDs have become the dominant technology in the retail lighting market. This
trend mirrors the other trends above showing increasing market share, decreasing upfront prices, and increasing supplier
manufacture and stocking of LEDs.

Table 5-1. Retail lighting net-to-gross values in the Northeast

CT CT CT MA & RI 20182 CT NY NY CT 2020, CT
2016' | 2017' | 2018 2019' | 2019% | 2020° | NH 20214 | 2021

25% (A-line)
Residential LEDs (all

[0) o, 0,
except hard-to-reach) 2 47% 0%

35% (specialty, 6%  35% 31%  33% 30%

reflector)

Residential LEDs (hard-

77% 67% 60% 56% 53% 50%
to-reach channels)

'NMR, CT R1615 LED Net-to-Gross Evaluation, 2017.

2NMR Group, Inc., MA NTG Consensus Panel Report, 2018 and NMR Group, Inc., RLPNC 17-11 LED NTG Consensus Process Products, 2018.

DNV, Free-ridership and Spillover Evaluation, Residential and Commercial Portfolio Report, 2022.

“NH Technical Reference Manual & CT-NMR LED NTG Evaluation 2017, “The 2020 Connecticut net-to-gross values are applied to New Hampshire for 2021 to account for
the relatively slower pace of market transformation, due in part to fewer program bulbs per home in New Hampshire (2.5 bulbs per home in 2019) compared to
Connecticut (4 bulbs per home in 2019).”

5.1.4 Future opportunities

As noted in Table 3-1, retail lighting previously accounted for a large share of NHSaves savings—51% of residential annual
MWh and 20% of residential lifetime MWh in 2021. According to the NH Potential Study, the incremental additions in savings
associated with retail lighting are diminishing, as shown in Figure 5-7. NH Utilities acknowledged this result in the 2022-23
Plan, which included a “planned reduction in investment in high-efficiency lighting measures in the electric programs. Focus
will shift to lighting retrofits and customer segments that still have market barriers.”
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Figure 5-7. Lighting as a share of overall residential savings for low and mid scenario, New Hampshire
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Source: Dunsky. New Hampshire Potential Study, Statewide Assessment of Energy Efficiency and Active Demand Opportunities, 2021-2023, Oct. 2020

The historical trends and recent research, along with the full implementation of EISA starting this year, provide compelling
evidence that the retail lighting market has been fully transformed, in significant part due to the long-term engagement of
state energy efficiency programs. Removing any remaining doubt about the completeness of this transformation, the U.S.
EPA released a letter on March 13, 2023 to all ENERGY STAR® Lighting brand owners and interested parties, which stated
the following:88

“With this letter, the U.S. Environmental Protection Agency (EPA) is finalizing the sunset of the ENERGY STAR®
specifications for lamps and luminaires effective December 31, 2024. Recessed downlights, discussed more below, will be
covered by a new specification moving forward. Lighting requirements will be removed from the ENERGY STAR® ceiling fan
and ventilation fan specifications effective August 1, 2023. Fans with lighting will still be eligible. ... Multiple commenters
suggested that the marketplace still needs part or all the ENERGY STAR® lighting program to avoid losing the significant
efficiency gains associated with lamps and luminaires. To the contrary, historical efficiency gains for lamps and luminaires

will be secured by way of the sales prohibition of inefficient light sources in the United States that will be enforced starting
this summer.”

5.1.4.1 New Hampshire Potential Study achievable savings

To estimate the scale of retail lighting savings that the NHSaves programs may be able to achieve by overcoming barriers,
the evaluation team analyzed savings opportunities for retail lighting as originally modeled for the 2021-2023 New
Hampshire Potential Study. As shown in Figure 5-8, residential LEDs see relatively small increases in achievable savings
resulting from increased incentives and enabling activities to overcome barriers, which is consistent with an assumption of a
largely transformed residential lighting market and few remaining barriers.8® These results—which do not account for more
recent developments such as full implementation of EISA—suggest that at the time of the study, there were little remaining
residential LED lighting savings opportunities for the NHSaves programs. In the period since the study, any savings
opportunities have effectively disappeared.

8 U.S. EPA, ENERGY STAR® Lighting Sunset Memorandum, 2023.
https://www.energystar.gov/sites/default/files/asset/document/ENERGY %20STAR %20Lighting%20Sunset%20Memo.pdf

8 |t is important to note that the study did not include primary research to enumerate and quantify market barriers in New Hampshire. Rather, the study used generalized
assumptions of market barrier levels that define maximum adoption rates for each measure based on market research and professional experience. New Hampshire-
specific primary research would be needed to ground-truth these model results.
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Figure 5-8. New Hampshire achievable savings scenarios for residential LEDs, 2023
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5.2 Residential weatherization

Measures such as air sealing and building shell insulation are primary components of most weatherization programs. Wi-Fi-
enabled thermostats and heating equipment, duct repairs and sealing, window and door repairs and replacement, and pipe
and tank insulation can also be included in residential weatherization programs.%°

Household energy use for space heating comprises a significant portion of overall energy use, particularly in the Northeast.
As shown in Figure 5-9, due to differences in climate and housing stock, energy costs in the Northeast and cold climates are
higher than in other regions, demonstrating the potential for savings from weatherization in these regions.®"

Figure 5-9. Delivered energy for an average household by endues, census region, and climate zone
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Source: Bradshaw et. al., Comparing the effectiveness of weatherization treatments for low-income American urban housing stocks in different climates, Energy and
Buildings, 2014.

% U.S. Department of Energy, Weatherization Assistance Program, 2021. https://www.energy.gov/sites/default/files/2021/01/f82/WAP-fact-sheet 2021 0.pdf

9 Bradshaw, Jonathan, Elie Bou-Zied, and Robert Harris, Comparing the effectiveness of weatherization treatments for low-income American urban housing stocks in
different climates, Energy and Buildings, 2014.
https://www.academia.edu/23454980/Comparing_the_effectiveness of weatherization treatments for low income American_urban_housing stocks in_different c
limates.

DNV — www.dnv.com Page 39



DNV

5.2.1 New Hampshire program overview

The NH Utilities have administered weatherization programs for over 20 years, originally focused on electric savings in low-
income households and expanding to cover fossil fuel savings and market rate households in the past decade.
Weatherization programs in New Hampshire are broadly similar to those in nearby states such as Vermont,®? Maine,®
Connecticut,® and Massachusetts.®® Weatherization measures are currently offered through the market-rate Home
Performance with ENERGY STAR® (HPwWES) program and the low-income Home Energy Assistance (HEA) program. These
measures include blower door guided air sealing and insulation, coupled with home energy audits. Home energy audits and
blower door tests are prerequisites for participation in the HPWES and HEA programs, with exceptions for cases with health
and safety barriers like asbestos and mold, which present health concerns if a blower door test is performed.

The market-rate HPWES program contractors take a “whole-house” approach. The program prioritizes treatment of homes
that exceed a threshold of energy use intensity, regardless of their primary heating fuel type. HPWES currently offers
financing at 2% annual percentage rate (APR) for Home Energy Efficiency Improvement Loans and a revolving on-bill
financing option at 0% interest.?® Previously, the incentive cap per project was $4,000. In the 2021-2023 program cycle, the
Utilities increased the cap to $8,000. If a gas project reaches this cap, the customer’s electric utility may incent the customer
with an additional $8,000.%” To qualify, homes must meet a threshold Home Heating Index (HHI) score, which is calculated
using location, conditioned square footage, and annual heating fuel usage. The NH Ultilities also offer a Visual Audit pathway
for those customers who do not meet the HHI threshold and are exploring opportunities for virtual assessments.

The low-income HEA Program offers incentives covering up to the full project cost for this customer segment, with rebates
previously capped at $8,000. In the 2021 to 2023 term, the NH Ultilities raised the incentive cap to $20,000, including heating
systems. NHSaves coordinates delivery of the HEA program with Community Action Agencies (CAAs), which implement the
program alongside the federal Weatherization Assistance Program (WAP).?8 The New Hampshire CAAs operate and deliver
WAP services, through which they offer funds for health and safety improvements for weatherization (discussed further in
Section 5.2.2.1). As described in a recent program evaluation, “fo facilitate the use of collaborative funding, the eligibility
criteria for the HEA Program mirrors the eligibility guidelines of other assistance programs. New Hampshire residents are
eligible to receive HEA benefits if they qualify for the state fuel assistance program (currently household income is equal to
or less than 60% of the state’s median income), the electric assistance program (currently household income is equal to or
less than 200% of the federal poverty guideline) or live in subsidized housing”.%°

5.2.2 Barriers

Market barriers to weatherization in New Hampshire span multiple categories, including financial, technical and physical,
organizational, informational, and supply and provision.

5.2.21 Financial barriers

Residential weatherization measures can produce significant lifetime energy and cost savings and non-energy benefits, '
but upfront costs, access to financing, and perceived risk present barriers to acquiring this longer-term savings. A recent
DNV study found that almost half of responses from weatherization contractors in a Northeast state say that residential
customers cited high upfront costs as a barrier to installing weatherization improvements.'! Additionally, older housing

92 Efficiency Vermont, Weatherization, 2023. https://www.efficiencyvermont.com/services/renovation-construction/weatherization.

9 Efficiency Maine, Weatherization, 2023. https://www.efficiencymaine.com/at-home/weatherization/.

9 CT DEEP, Weatherization, 2023. https://portal.ct.gov/DEEP/Energy/Weatherization/Weatherization-in-Connecticut.

% Mass Save, Building Insulation and Weatherization, 2023. https://www.masssave.com/business/rebates-and-incentives/building-insulation-and-weatherization

% NHSaves, Energy Audits & Weatherization, 2023. https://nhsaves.com/learn/rebate/weatherization/.

9 NHSaves, 2021-2023 New Hampshire Statewide Energy Efficiency Plan https://www.puc.nh.gov/Regulatory/Docketbk/2020/20-
092/INITIAL%20FILING%20-%20PETITION/20-092 2020-09-01 NHUTILITIES EE PLAN.PDF

% Opinion Dynamics, New Hampshire Utilities Home Energy Assistance Program Evaluation Report 2016-2017 — FINAL, 2020. Page 6.

% Ibid.

100 y.S. DOE, WAP Fact Sheet, 2018. https://www.energy.qov/sites/prod/files/2018/03/f49/WAP-fact-sheet final.pdf.

0" DNV, CONFIDENTIAL CLIENT STUDY, 2022.
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stock, like that found in New Hampshire, can add time and complexity to weatherization projects, although older homes
generally present greater opportunities for savings.'®? According to the American Community Survey, 12.2% of U.S. homes
were built in 1939 or earlier, while in New Hampshire, that number is 19.6%.13

Costs for weatherization projects can vary widely across the country, depending on the age of the home, presence of health
and safety hazards, and other factors. According to the New Hampshire Department of Energy, the average cost of
weatherization for low-income households is $6,500 per home.'® According to the U.S. Department of Energy, the average
per home cost of weatherization through the federal WAP program was $4,695 in 2021.7% Costs also depend on the types
of measures being installed. For instance, costs associated with measures like thermal windows can range from $315 to
$800 per window, which may be prohibitive for many customers.%6

Financial barriers differ by customer class, and as such the NHSaves weatherization programs offer financial interventions
for two targeted customer classes: low-income and market-rate customers. However, heterogeneity in New Hampshire’s
customer base means that technologies that are cost-effective for low-income or market-rate customers on average may not
be cost-effective for certain customers within those classes. “Thrifty” or moderate-income customers were identified as a
hard-to-reach customer class in a 2020 report on HPWES. These are “customers who keep their thermostats set at low
temperatures because they cannot afford to

heat their homes to a comfortable level. These
“Several representatives from CAAs noted that there are a

large number of participants that do not meet the income
qualifications for the HEA Program, have a need to weatherize
programs, but still struggle financially.”"%” their homes, but cannot afford the Home Performance with
ENERGY STAR® Program co-pay.”

may be moderate-income customers who do
not qualify for income-based assistance

Some NHSaves program offerings address

financial barriers for moderate-income - New Hampshire Utilities Home Energy Assistance Program Evaluation
customers, such as the zero-percent moderate Report 2016-2017 — FINAL, 2020. Page 46

income financing offering established during the

2019 program year. As described in the 2021—

2023 plan, “The NH Utility buys down the lender interest rate to zero percent and the lender additionally extends the
maximum loan term to 10 years. These actions combine to result in a lower monthly loan payment for moderate-income
customers compared to the payment for the typical Residential Energy Efficiency Loan. The lending partner determines
whether the customer is within a moderate-income bracket and eligible for a loan based on income review and lending
criteria.”’%8

The NHSaves programs offer rebates and loans to overcome financial barriers to weatherization, spending approximately
$10,583,646 on these interventions for market-rate customers and $13,076,492 for low-income customers in 2021.109
5.2.2.2 Technical and physical barriers

Technical and physical barriers to weatherization impede measure installation. For instance, accessing wall and ceiling
interiors is often more technically challenging than installing light bulbs, water conservation devices, or thermostats. In some

102 National Trust for Historic Preservation, Energy Advice for Owners: Historic and Older Homes. https://archive.epa.gov/region5/sustainable/web/pdf/energy-advice-for-
owners-of-older-homes.pdf.

103 U.S. Census Bureau, Why we ask questions about...Year built and year moved in, https://www.census.gov/acs/www/about/why-we-ask-each-question/year-built/.

%4 New Hampshire Department of Energy, Weatherization Assistance FAQ, 2023. https://www.energy.nh.gov/consumers/help-energy-and-utility-bills/weatherization-
assistance-program/faqg.

105 U.S. Department of Energy, Weatherization Assistance Program, https://www.energy.gov/sites/default/files/2021/01/f82/WAP-fact-sheet 2021 0.pdf, 2021.

1% https://modernize.com/windows/energy-efficient/thermal-windows.

7 New Hampshire Utilities, Home Performance with ENERGY STAR® Program Evaluation Report 2016-2017 — FINAL,2020. Page 38.

18 NHSaves, 2021-2023 New Hampshire Statewide Energy Efficiency Plan https://www.puc.nh.gov/Regulatory/Docketbk/2020/20-
092/INITIAL%20FILING%20-%20PETITION/20-092 2020-09-01 NHUTILITIES EE PLAN.PDF.

19 NH Utilities 2021 reported program spending
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cases, limited spaces between walls do not allow for insulation at all. Such barriers are exacerbated in multifamily buildings
because of the logistics and permissions needed to insulate or otherwise weatherize units with shared walls.

Manufactured housing is prevalent in New Hampshire and poses a particular set of technical and physical barriers. These
homes are often underserved by weatherization programs due to such barriers."'% As detailed in the recent evaluation of the
HEA program: “f[HEA] Program staff also indicated that manufactured homes... are a difficult segment to serve through the
HEA Program due to limited opportunities to install additional insulation. Specifically, walls cavities in manufactured homes
tend to be thin and therefore lack space to add supplemental insulation... contractors sometimes have difficulty accessing
certain areas due to low ceiling clearance... Along with a moderate income offering, including measures aimed at this type
of housing stock...may help HEA Program teams to serve more participants with manufactured homes.”""?

Health and safety barriers

Health and safety issues in a home often preclude residents from implementing weatherization measures. As described by
the New Hampshire DOE, “major plumbing, electrical or structural deficiencies, major moisture problems—roof leaks and
very wet basements all could slow down progress.”'? Research from the Green and Healthy Homes Initiative (GHHI) found
that nearly 13% of homes audited by GHHI in cities across the United States were ineligible for participation in
weatherization programs due to health and safety barriers.''® Health and safety barriers to weatherization identified in this
study included, but were not limited to, the presence of asbestos, ventilation issues, fire and safety hazards, excessive
clutter, pests, the presence of moisture, mold, and mildew, electrical hazards, structural defects, and lead paint hazards.''*
See

Figure 5-10 for the prevalence of these barriers as studied by GHHI.

Figure 5-10. Prevalence of health and safety hazards

Other - Leaky Roofs

Other -broken..
Other -Filter Rack Cover2
Other - Heating System
Other - Chimney Cap
Asbestos

Ventilationissues

Environmental air hazards

Fire and safety hazards

Clutter/harborage

Pests
Moisture/mold/mildew..

Electrical hazards
Structural defects

Leadpaint hazards

0 10 20 30 40 50 60 70

Percentage of Audited Homes

Source: Ruth Ann Norton, Identified Barriers and Opportunities to Make Housing Green and Healthy Through Weatherization (Green & Healthy Homes Initiative, 2010),

© Emmeline Luck, Northeast Energy Efficiency Partnerships, Recognizing Energy Inequities for Building Decarbonization and Near-Term Solutions for Centering Energy
Equity, https://neep.org/solutions-low-carbon-states-and-communities/equitable-home-and-building-decarbonization, 2021.

""" Opinion Dynamics, New Hampshire Utilities Home Energy Assistance Program Evaluation Report 2016-2017 — FINAL, June 11, 2020. Page 46.

2 New Hampshire Department of Energy, Weatherization Assistance FAQ, 2023. https://www.energy.nh.gov/consumers/help-energy-and-utility-bills/weatherization-
assistance-program/faq

8 Ruth Ann Norton, Identified Barriers and Opportunities to Make Housing Green and Healthy Through Weatherization,Green & Healthy Homes Initiative, 2010/ Page 6.

" Norton, Identified Barriers and Opportunities to Make Housing Green and Healthy Through Weatherization, Page 8.
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The time needed to remediate these health and safety barriers can sometimes be greater than the time required for the
weatherization projects themselves. As shown in Figure 5-11, based on sites studied by GHHI, the average time spent on
necessary remediation of health and safety barriers for weatherization (5.19 days) outweighs the average time spent
installing the weatherization measures (4.34 days). Due to its older housing stock, weatherization times in the Northeast may
be longer than in other places.'®

Figure 5-11. Time duration for weatherization and health and safety
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ﬁourcs: Ruth Ann Norton, Identified Barriers and Opportunities to Make Housing Green and Healthy Through Weatherization (Green & Healthy Homes Initiative, 2010),
age 7.

In addition to time, addressing health and safety concerns adds significant costs to weatherization projects. Based on GHHI
research, the average cost to address health and safety issues was $2,172 per residential property in 2010 ($2,998.78 in
2023 dollars using a CPI inflation calculator'®), as shown in Figure 5-12. Homes in Northeast communities with older
housing stock may require more investment of time and resources to remediate health and safety issues for weatherization
improvements.'"”

Figure 5-12. Average cost to address health and safety
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Source: Ruth Ann Norton, Identified Barriers and Opportunities to Make Housing Green and Healthy Through Weatherization (Green & Healthy Homes Initiative, 2010),
Page 7.

5 Norton, Identified Barriers and Opportunities to Make Housing Green and Healthy Through Weatherization, Page 7.
16 CPI Inflation Calculator, hitps:/data.bls.gov/cgi-bin/cpicalc.pl?cost1=2172&year1=201001&year2=202301
"7 Norton, Identified Barriers and Opportunities to Make Housing Green and Healthy Through Weatherization, Page 7.
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NHSaves programs partially address health and safety hazards remediation for weatherization for the low-income customer

class, and federal WAP funding provides additional support. However, according to the New Hampshire Department of

“Program teams indicated that a substantial portion of HEA
participants require health and safety upgrades prior to
completing insulation or air sealing works (65% of
participating households received health and safety
measures). The WAP currently funds many of these
upgrades, and representatives from CAAs suggested
adjusting program requirements and funding to allow more
health and safety upgrades through the HEA Program may

help program teams serve more participants”
- New Hampshire Utilities Home Energy Assistance Program Evaluation
Report 2016-2017 — FINAL, 2020. Page 46.

Energy, “there are limits on repairs and various
programs to address some additional
problems.”"8 WAP may cover some health and
safety costs for weatherization, as may the HEA
program. However, additional programs require
additional paperwork, meaning increased time
and inconvenience costs for customers and
administrators. Furthermore, larger structural
repair needs may not be covered by the
allocated rebate funds.

The NH Utilities are actively working on attaining funds to improve financial and technical and physical barriers. As stated in
the 2021-2023 plan, “during the 2021-2023 term, the NH Utilities will continue to work with stakeholders, local non-profits,

and foundations in order to procure funds to be

used to enhance offerings or overcome barriers
beyond what is typically funded by the NHSaves
Programs. This could include pre-weatherization
barriers for HEA customers, expansion costs for
Community Action Agencies (“CAAs”), funding
the copay of moderate-income customers,
coordination with efforts that provide interactive
benefits with energy efficiency, such as public

“The HEA Program provides health and safety measures to
participants, such as carbon monoxide detectors, smoke
detectors, and bath fans. Larger health and safety barriers are
also covered if they can be accommodated within the $8,000
rebate cap and the package is still cost effective.”

- New Hampshire Utilities Home Energy Assistance Program Evaluation
Report 2016-2017 — FINAL, 2020. Page 1.

health, or other identified opportunities.”"®

5.2.2.3 Organizational barriers

Tenants of leased properties face barriers to weatherization, due to the “split incentive” barrier. This barrier results from the

property being owned and largely managed by a landlord—who is responsible for deciding whether to weatherize—while the

tenant is responsible for paying energy bills and therefore would be the primary beneficiary of weatherization improvements.

Foundational literature on energy efficiency market barriers from a national perspective identifies the landlord/tenant split

incentive issue as a significant barrier.'? In New Hampshire, trends show an increase in multi-family housing permits,

correlated with higher rental rates. Data from the New Hampshire Department of Business and Economic Affairs shows that

52.7% of permits issued in 2021 were for single-family homes, decreasing from 59.2% in 2020. This reflects a decrease of

28 single family permits. Meanwhile, the number of multi-family permits issued increased by 569 from 2020 to 2021."2" This

trend suggests that split incentive barriers may become more prevalent in coming years.

Despite these barriers, the NHSaves programs have made significant inroads in the multifamily market and are often

involved in new construction of multifamily properties, particularly when they involve other public funding or public housing

agencies. About 31% of HEA program participants resided in multi-family buildings in 2017. Additionally, the NH Utilities

"8 New Hampshire Department of Energy, Weatherization Assistance FAQ, 2023. https://www.energy.nh.gov/consumers/help-energy-and-utility-bills/weatherization-

assistance-program/fagq

" NHSaves, 2021-2023 New Hampshire Statewide Energy Efficiency Plan, https://www.puc.nh.gov/Regulatory/Docketbk/2020/20-

092/INITIAL%20FILING%20-%20PETITION/20-092 2020-09-01 NHUTILITIES _EE_PLAN.PDF, Page 95.

20 Steve Sorrell, Eoin O’Malley, Joachim Schleich, and Sue Scott, The Economic of Energy Efficiency: Barriers to Cost-Effective Investment, 2004.
21 New Hampshire Department of Business and Economic Affairs, Current Estimates and Trends in New Hampshire’s Housing Supply, 2022. https://www.nh.gov/osi/data-

center/documents/housing-estimates-trends.pdf.
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partner with public housing authorities across the state to complete projects in multi-family buildings, a practice also seen in
neighboring states such as Maine.'?? 123 Public housing authorities operate in a different financial environment than private
landlords and may not face split incentive barriers to the same degree. For instance, authorities often receive funding from
public grant and tax credit sources that include requirements for energy efficiency. Partnering with these authorities provides
an opportunity for the NHSaves programs to serve multifamily residents where the split incentive barrier is less acute.

5.2.24 Informational barriers

Customer awareness of weatherization was identified as a key barrier in a 2020 New Hampshire report. According to the
report, only 6% of eligible non-participants were aware of HPWES. Participating contractors also indicated that awareness
among their general customer base was a barrier to weatherization projects.'?

Programs provide information and marketing to increase awareness of weatherization. For instance, program marketing—
either direct or through co-marketing with contractors or other partners—helps to address informational barriers by educating
residents on opportunities for savings. Marketing under a statewide brand such as NHSaves, or with utility company
branding, can bolster these efforts by providing assurance and credibility to customers; however, programs generally need
to balance marketing—which drives demand—uwith the availability of resources to meet that demand. NH Ultilities have
invested $149,204 in marketing interventions for their weatherization programs in 2021.125

Home energy labeling is another informational intervention growing in prevalence around the U.S., including in states and
communities in the Northeast region. This practice helps raise awareness of home energy needs that may lead to
weatherization upgrades, and can create a pipeline of eligible customers in need of energy improvements. Communities in
New Hampshire have expressed interest in home energy labeling policies and programs. 126

5.2.2.5 Supply and provision barriers

While financial and informational barriers prevent some customers from pursuing weatherization, workforce constraints
present an overarching barrier that impacts customers and trade allies economy-wide. Overcoming other barriers such as
lack of awareness will not result in more weatherization if there is an insufficient workforce to serve customers. CAAs
reported in 2020 that the capacity of implementation teams is the largest barrier to completing projects through the HEA
program. For instance, a CAA staff member cited in the HEA program evaluation stated: "/ can't see spending dollars trying
to get more people into the program, because there's already more people in the program than we can get to. And
advertising that this program's available isn't going to help, because we still can't get to all the people.”’?” The evaluation
also noted that the contractors for HEA largely overlap with those for HPWES, further constraining the available labor pool. 128
In addition to installing weatherization measures, the report cites program enrollment, scheduling, and service delivery
coordination activities as accounting for a considerable amount of staff time and capacity. As such, addressing workforce
capacity constraints may require assessing administrative and technical staff capacity, in addition to installation
contractors.'?®

Lack of training compounds the workforce capacity barrier. CAAs and the NH Utilities reported a skills gap in workers able to
complete home energy assessments and measure installations. Additionally, contractors involved in the HPWES program
noted high turnover rates and difficulty finding experienced staff members, increasing the need for new employee training
and staff development resources.’®® New Hampshire contractors have indicated that utility-sponsored training programs on

22 Opinion Dynamics, New Hampshire Utilities Home Energy Assistance Program Evaluation Report 2016-2017 — FINAL, 2020. Pages 17, 47.
128 https://www.mainehousing.org/programs-services/Homelmprovement/homeimprovementdetail/weatherization

24 New Hampshire Utilities, Home Performance with ENERGY STAR® Program Evaluation Report 2016-2017 — FINAL June 11, 2020. Page 28.
125 NH Utilities 2021 reported program spending

126 Northeast Energy Efficiency Partnerships, CONFIDENTIAL WORK WITH NH COMMUNITIES, 2020-2022.

27 Opinion Dynamics, New Hampshire Utilities Home Energy Assistance Program Evaluation Report 2016-2017 — FINAL, 2020. Page 41.

128 |bid.

29 |bid.

% New Hampshire Utilities, Home Performance with ENERGY STAR® Program Evaluation Report 2016-2017 — FINAL June 11, 2020. Page 39.
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topics such as best practices for weatherization measure installation might be beneficial to new staff members. 3!
Recognizing this challenge, utilities and program administrators across the Northeast region are seeking to increase
investments in workforce training.3? Partnerships with local community colleges and trade allies seeking interns or entry-
level staff have also found some success in New Hampshire and elsewhere in building and training the pipeline of new
entrants to the workforce.

Despite these efforts, workforce barriers have repeatedly been emphasized in numerous studies across the region and over
time, indicating that they are pervasive. Given the scope of labor market dynamics and workforce constraints, the NH
Utilities are limited in their ability to mitigate these barriers.'33

5.2.3 Market trends
5.2.31 Market share trends

The market for weatherization services has been growing steadily over recent years, a trend that is expected to continue.
Recent market research has found that the global weatherization services market is expected to grow at over 8% annually
through the end of the decade.'3* A weatherization study in New York found that around 300,000 homes, or about 30% of
existing residences, are likely to pursue weatherization upgrades in the next several years.'® In Connecticut, the state
legislature has established a goal to weatherize 80% of residences by 2030—a goal the state’s energy efficiency programs
are working to achieve but that faces significant barriers as discussed above, notably health and safety barriers. 36

5.2.3.2 Net-to-gross trends

New Hampshire programs have not undergone NTG evaluations, but there have been several in other Northeast states that
provide context for how programs have influenced the market in their states. Weatherization measures and programs have
been consistently found to have NTG values in the 80% to 100% range, as shown in Table 5-2. Weatherization measures
generally have low levels of free-ridership, particularly among low-income participants, indicating that relatively few people
would pursue weatherization absent program intervention. This trend underscores the importance of programs in
overcoming the range of barriers described above.

Table 5-2. Comparison weatherization program NTG evaluation results

0.22 (market rate) 0.11 to 0.28 for

Free-ridership 0.08 (low- |ncome) ’ ’ envelope measures

0.02 (market rate)

0.03 (low-income) 0.01 0.12 0.07

Participant spillover

0.80 (market rate) 0.87 0.975 0.79 to 0.96 for

Loute 0.95 (low-income) envelope measures

"NMR (2016), HES/HES-IE Process Evaluation and Real Time Research, Apr. 13, 2016

2 Cadeo/lllume (2020). 2017-2018 Impact Evaluation of EnergyWise Single Family Program hitp://rieermc.ri.gov/wp-content/uploads/2020/10/ng-ri-ewsf-impact-and-process-
comprehensive-report final 04sept2020.pdf

3 Guidehouse (2021). Residential Programs Net-to-Gross Research of RCD and Select Products Measures:

“NMR (2022), R1983 NTG FINAL TOPIC MEMORANDUM. Energize Connecticut,

https://energizect.com/sites/default/files/documents/R1983 HES%26IE_NTG FinalTopicMemo FINAL 20220912 sent 0.docx

SAlso includes 0.04 in contractor spillover.

31 |bid.

32 DNV, CONFIDENTIAL CLIENT STUDY, 2022.

'3 DNV, CONFIDENTIAL CLIENT STUDIES, 2021, 2022.

13 Straits Research, Weatherization Services Market, 2022. https://straitsresearch.com/report/weatherization-services-market
'35 DNV, CONFIDENTIAL CLIENT STUDY, 2022.

% Acadia Center. hitps://acadiacenter.org/work/connecticut/.
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5.2.4 Future opportunities

Research in other states has identified a range of opportunities programs have for achieving additional weatherization
savings and overcoming the types of barriers to weatherization described above. Many of these opportunities are available
to the NHSaves programs to pursue, although primary research or New Hampshire-specific data would enable the programs
to refine and target interventions on the specific barriers New Hampshire customers face.

Funding opportunities

The recently enacted Infrastructure Investment and Jobs Act (IlJA) and the Inflation Reduction Act (IRA) provide significant
opportunities for residential weatherization. I1JA included a $3.5 billion investment in the federal WAP, similar to the
American Recovery and Reinvestment Act (ARRA)-era WAP appropriation.'®” IRA supports tax credits, rebates, and related
programs with the potential to further the benefits of energy efficiency to low- and moderate-income households. 38

Community partnerships

Partnerships with community-based organizations, including but not limited to CAAs and public housing authorities, provide
a meaningful opportunity to engage stakeholders while prioritizing equity and inclusivity. Feedback from utility weatherization
program administrators and contractors in another Northeast state highlights the importance of community partnerships for
the implementation of weatherization measures.'®® Research from Northeast Energy Efficiency Partnerships describes the
need for equitable and inclusive stakeholder engagement and provides examples of implementation methods.'“? New
Hampshire utilities have established working relationships with CAAs and housing authorities to implement weatherization,
which may be built upon to continuing addressing persistent barriers in the low-income community.

Efficiency measures

o Efficient windows. The 2021-2023 Potential Study found that efficient windows present a significant opportunity for
weatherization savings in New Hampshire.'' This may include complete replacement of windows with more efficient
versions as well as existing window repairs. DNV research for a confidential Northeast client in 2022 also found that
window upgrades present significant opportunity for future energy savings.'4?

e HVAC and electrification. Overcoming weatherization barriers provides a path for efficient HYAC upgrades, including
heating electrification (i.e., heat pumps). Successful weatherization projects can unlock additional savings opportunities
by reducing other barriers. For instance, weatherized homes have lower heating and cooling loads, meaning that HVAC
measures can be right-sized and therefore less costly—reducing financial barriers to efficient electrification or other
HVAC upgrades. Also, weatherization contractors are often able to provide financing options and information on
additional opportunities for more comprehensive home retrofits, reducing financial and informational barriers. While New
Hampshire has focused its program goals on reducing electric consumption, electrification is a growing trend throughout
the Northeast region, which will impact customer adoption and market supply in New Hampshire as well.'*3

5.2.4.2 New Hampshire Potential Study achievable savings

To estimate the scale of residential weatherization savings that the HPWES and HEA programs may be able to achieve by
overcoming barriers, the evaluation team analyzed savings opportunities for weatherization as originally modeled for the

137 Carols Martin, Joint Center for Housing Studies of Harvard University, Harnessing the IIJA’s Weatherization Assistance Program to Leave No Household in the Cold,
2023. https://www.jchs.harvard.edu/blog/harnessing-iijas-weatherization-assistance-program-leave-no-household-cold.

138 Carols Martin et al, Joint Center for Housing Studies of Harvard University, Targeting Weatherization: Supporting Low-Income Renters in Multifamily Properties Through
the Infrastructure Investment and Jobs Act’s Funding of the Weatherization Assistance Program and Beyond, 2023. https://www.jchs.harvard.edu/research-
areas/working-papers/targeting-weatherization-supporting-low-income-renters-multifamily.

% DNV, CONFIDENTIAL CLIENT STUDY, 2022.

40 Emmeline Luck, Northeast Energy Efficiency Partnerships, Recognizing Energy Inequities for Building Decarbonization and Near-Term Solutions for Centering Energy
Equity, https://neep.org/solutions-low-carbon-states-and-communities/equitable-home-and-building-decarbonization, 2021.

4" Dunsky Energy Consulting, New Hampshire Potential Study: Statewide Assessment of Energy Efficiency and Active Demand Opportunities, 2021-2023, Volume |,
https://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/20201016-NHSaves-Potential %20Study-Final %20Report-Volume%20l.pdf, 2020.
Pages 59-60.

42 DNV, CONFIDENTIAL CLIENT STUDY, 2022.

4 Northeast Energy Efficiency Partnerships, Strategic Electrification, https://neep.org/equitable-home-and-building-decarbonization-leadership-network/strategic-
electrification.
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2021-2023 New Hampshire Potential Study.'*4 As shown in Figure 5-13, residential weatherization sees significant and
steady increases in achievable savings resulting from increased incentives and enabling activities to overcome barriers. 45
This points to relatively low participant cost-effectiveness and high market barriers, both of which are mitigated via the
increased program incentives and enabling strategies modeled in the mid and maximum scenarios. These model results
also imply that absent all program interventions; barriers would effectively prevent any modeled savings from occurring.

Figure 5-13. New Hampshire achievable savings scenarios for residential weatherization, 2023
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Source: DNV analysis of 2021-2023 New Hampshire Potential Study results

5.3 Residential New Construction

5.3.1 New Hampshire program overview

The New Hampshire ENERGY STAR® Homes Program provides three offerings to support efficient design and advance the
efficiency of New Hampshire's residential construction market: Drive to ENERGY STAR® Code Plus Initiative, ENERGY
STAR® 3.1, and the Net Zero Challenge.#® All three offerings require program participants to exceed current building code
requirements, with progressively higher efficiency requirements moving from Drive to ENERGY STAR®, to ENERGY STAR®
3.1, to the Net Zero Challenge.

The ENERGY STAR® Homes program underwent an impact and process evaluation in 2017, reviewing program years
2014-2015."“7 The evaluation concluded that the program is conducted well from an administrative standpoint, and
surveyed participants and other stakeholders valued the offering. At the time of the evaluation, the program had yearly been
awarded ENERGY STAR® Partner of the Year awards, beginning in 2013, and the state’s largest builders were supporters
and active participants in the program. The evaluation summarized the benefits delivered, benefits received, and costs
incurred by program stakeholders, depicted in Table 5-3. The program interventions summarized below, including
incentives, training, home certification, and outreach and education, target the full range of barriers faced in energy efficient
new home construction. As detailed below, these include financial, organizational, and supply and provision barriers.

4“4 Dunsky. New Hampshire Potential Study, Statewide Assessment of Energy Efficiency and Active Demand Opportunities, 2021-2023, 2020.
https://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/20201016-NHSaves-Potential %20Study-Final %20Report-Volume%201.pdf

45 It is important to note that the study did not include primary research to enumerate and quantify market barriers in New Hampshire. Rather, the study used generalized
assumptions of market barrier levels that define maximum adoption rates for each measure based on market research and professional experience. New Hampshire-
specific primary research would be needed to ground-truth these model results.

46 NHSaves, Program Highlights, 2021. https://nhsaves.com/wp-content/uploads/2021/11/NHSaves-Program-Highlights.pdf.

T ERS, New Hampshire ENERGY STAR® Homes Program Impact Evaluation (2014-2015). 2017.
https://www.puc.nh.gov/electric/Monitoring%20and%20Evaluation%20Reports/NH ESHomes Report Final v4-2017.pdf.
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Table 5-3. Benefit cost matrix'4®

Benefits delivered
by the party

Benefits received by the party

Costs incurred by the party

Utility

HERS rater

Builder

HVAC
contractor

Homeowner

Incentives

Trainings

Contracted Home
Energy Rating
System (HERS) rater

Outreach and
education

Home rating services
Recommendations
on building systems
Final home
certification

Home that meets ES
standards

Any necessary
reporting

HVAC system that
meets Program
standards

All necessary
reporting

Demanding a
certified home that
the utilities can claim
savings on

Moving the market
by purchasing a
certified home

Energy savings towards program and
utility goals

Customer relationship with the utility
National recognition by EPA

Helping to move the housing market
towards efficient design

Payment for 3 steps of process
HERS rating work
Lead generation (through outreach)

Trust of builders, HVAC contractors, and
other industry partners

Program incentive up to $4,000 per home
HERS rater services for free (value of
$1,300)

Certification as a distinguishing
characteristic, proof to customers of home
quality

Additional selling point to customers
Education on best practices

Ability to work on certified homes with
builders

Certification as a distinguishing
characteristic, proof to customers of home
quality

Pass-through of incentive/ability to charge
more for a system

Home that meets Program standards
Energy bill savings

Peace of mind on quality, savings,
comfort, durability, value

Incentive costs
Additional training costs
Program staff time

HERS Rater Certification: $1,200-$2,500
Annual HERS fee: $250-$995/year
REM/Rate per project fee

Cost of annual continuing education units
(CEUSs)

Time spent with builders who do not
complete participation

Additional time spent with contractors for
education or tracking down reports

Additional cost of more efficient materials
Extra time spent to ensure that homes
meet requirements

Additional cost of certified HVAC system
Additional cost to find a certified HVAC
contractor (if needed)

ES certification costs: $600-$900
AE/ACCA annual fees: $600-$800
Extra cost of HVAC system

Extra time for sealing to ES requirement
Extra administrative time for reporting

Incremental cost of home

In 2021, over 1,300 homes in New Hampshire participated in the ENERGY STAR® Homes Program.’#® According to the NH
Utilities, program homes accounted for approximately 25%-30% of all new homes in New Hampshire in recent years. Each

participating builder was eligible for up to $4,000 in incentives in addition to professional consultation and certification

services. The list below provides details on the financial incentives and technical assistance offerings provided to meet
ENERGY STAR® v3.1 standards, as of program year 2023.

e Coverage of all technical guidance and support costs paid directly to the ENERGY STAR®-certified contractor

responsible for the construction of the home
e Performance-based incentives up to $4,000 per single-family home/townhouse based on modeled Home Energy Rating

System (HERS) performance
e Performance-based incentives up to $1,000 per unit in multifamily buildings based on modeled HERS performance
e Rebates for ENERGY STAR®-qualified lighting and appliances

48 Table taken from: ERS, New Hampshire ENERGY STAR® Homes Program Impact Evaluation (2014—2015). 2017.

https://www.puc.nh.gov/electric/Monitoring%20and%20Evaluation%20Reports/NH_ESHomes Report Final_v4-2017.pdf

4® NHSaves, New Home Construction__https://nhsaves.com/learn/rebate/new-construction-and-retrofit/.
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5.3.2 Barriers

Three common types of barriers were uncovered during the literature review of New Hampshire and peer jurisdiction
residential new construction programs: financial (upfront cost and time), organizational (split incentives), and supply and
provision (workforce capacity, awareness, and expertise). Each of these barriers, as well as the program interventions used
to overcome them by the NHSaves program and peer programs, are addressed in this section.

5.3.21 Financial barriers

The upfront incremental costs associated with energy efficient residential new construction may deter its adoption. This is
driven, in part, by developers being focused on limiting construction costs and foregoing capital-intensive energy efficiency
offerings.'®® Additionally, financial barriers may take root due to time constraints during construction. For builders who are
not already experienced with energy efficiency measures and practices, their use can require increased review time. As one
study noted, “time pressures seem to be a key factor affecting investment in energy efficiency.”'! These delays result in
uncertainty around ever-changing interest rates, which can be a steep hurdle to maintaining funding commitments, as well
as delays resulting in project permits expiring. Further, one study focused on residential new construction in Rhode Island,
states “a lengthy approvals process and mandated phasing harm profits. Planners can use these factors as leverage to
encourage developers to...build products preferred by planners.”'®? Given such cost pressures, the added time required to
incorporate energy efficient measures can deter developers from building their homes to higher levels of efficiency.

According to research in the Northeast, trade allies involved in residential new construction estimate that incremental
construction costs for building to program efficiency levels are generally around 6%—-8% of total project costs, but may be
lower for those who are more experienced with energy efficient techniques.'5® These incremental costs were attributable to
“purchasing new materials, increased labor (such as for air sealing), HVAC equipment, and hiring HERS raters, who perform
home energy audits and assign ratings.”'®* Programs use a range of incentives to overcome the upfront cost barrier for
uptake of energy efficient measures. Studies have characterized incentive offerings as being important or key to the
adoption of energy efficient measures in residential new construction projects.’%5156 These incentives allow builders to
overcome upfront cost barriers and increase market adoption of new construction efficiency measures. %’

5.3.2.2 Organizational barriers

The literature review repeatedly identified split incentives as a market barrier for residential new construction. This barrier is
a result of two separate parties being responsible for purchasing the energy efficient measure(s) and utilizing the
measure(s). For example, developers may be more invested in the cost of construction and have little to no interest in the
efficiency of the installed measures since they will not be responsible for the resulting energy bill,'*® whereas a building
owner may be more concerned about costs of operation following construction.'® The literature review did not identify
interventions from peer programs specifically targeting the split incentive barrier, although financial interventions and
informational interventions can indirectly mitigate or circumvent split incentive barriers. For instance, incentives help lower

% Golove, William, and Eto, Joseph. Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency, LBNL.
1996. https://www.osti.gov/servlets/purl/270751.

51 |bid.

52 Mohamed, Rayman.. Are profits from subdivision development higher in areas with more regulations? A case study of South Kingstown, Rhode Island and some
implications for land use planning, Housing Policy Debate, Taylor & Francis Journals, vol. 20(3), pages 429-456, 2010.
https://ideas.repec.org/a/taf/houspd/v20y2010i3p429-456.html

% NMR Group, Inc.. R1602 Residential New Construction Program — Process Evaluation. 2017.
https://energizect.com/sites/default/files/documents/R1602 Residential%20New%20Construction Process%20Evaluation Final%20Report 8.4.17.pdf

54 |bid. .

55 NMR Group, Inc.. R1707 Net-to-Gross Study (NTG) of Connecticut Residential New Construction. 2018.
https://energizect.com/sites/default/files/documents/R1707 %20NTG%20Study%20for%20CT%20RNC _Final%20Report 10.5.18.pdf.

% NMR Group, Inc.. R1602 Residential New Construction Program — Process Evaluation. 2017.
https://energizect.com/sites/default/files/documents/R1602 Residential%20New%20Construction Process%20Evaluation Final%20Report 8.4.17.pdf

7 NMR Group, Inc.. R1707 Net-to-Gross Study (NTG) of Connecticut Residential New Construction. 2018. https:/energizect.com/sites/default/files/R1702-

R1710 CodesStandards Final%20Report 6.29.18 0.pdf.

88 Eto, Joseph, Prahl, Ralph, and Schlegel, Jeff. A Scoping Study on Energy-Efficiency Market Transformation by California Utility DSM Programs. LBNL. 1996. https:/eta-
publications.lbl.gov/sites/default/files/Ibnl-39058.pdf.

% Golove, William, and Eto, Joseph. Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency, LBNL.
1996. https://www.osti.gov/servlets/purl/270751.
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the cost of energy efficient construction for developers, and promotional materials or home energy labeling can provide
information that buyers incorporate into the price they are willing to pay for a new home. Together, these interventions can
help align the different incentives of developers and buyers in favor of energy efficiency. A previous study further elaborated
on the various policy responses to the split incentive barrier and detailed the benefits and concerns, which can be seen in
Table 5-4. NHSaves does not have authority over interventions such as building codes or taxpayer-funded grant programs,
but can play a convening role or design programs to coordinate or leverage external interventions. 60

Table 5-4. Policy responses to the split incentive barriers!

Description Benefits Concerns
Contracts
Green or energy  Landlord and tenant agreement to conserve e Higher rents offset by lower utility e Requires cooperation from landlord and
efficiency lease energy, where landlord retrofit investments are costs. tenant.
trickled down to tenant. e Mutual commitment to conservation. e Continual capital improvements and
maintenance necessary.
e Currently geared toward commercial leases.
Energy efficiency Externally funded loan attached to the property. Capital improvements can be done at one e Benefits remain with the property and lien
mortgages time and paid in installments. complicates property resale.
(PACE e Liability for property owner.
financing)
On-bill financing Capital improvements are tied directly to utility  Capital improvements can be done at one  Usually focused on live-in homeowners, not
company payments. time and paid in installments with no lien tenants.
issues.
Regulation
Green building Application of higher energy standards for new Potential to benefit all new housing e Only applies to new construction.
codes construction. developments, including buildings for low- e Higher rent prospects along with higher
income tenants. construction and maintenance cost can create
bias against low-income tenants.
Low-income Mandate of higher energy standards for low Potential for high scale implementation in  Creates serious disincentive to provide low-
rental mandates income housing. low-income rental housing. income housing.

All-in Services

Weatherization o National weatherization program, usually e Has highest reach; especially under the e Cannot be implemented at scale because of
assistance implemented as grants. U.S. Stimulus Program. cost; inefficient.
program e Differs from state to state. e Variety of policy programs and state e No follow-up for maintenance.
differentiation/experimentation. e Hardly used for low-income rental housing.
Concierge Small niche programs designed to provide Highest success rate for efficiency gains and e Cannot be implemented at scale because of
Services comprehensive efficiency assistance with behavioral improvements; addresses cost.
education. poverty concerns effectively. e Highest expense.

Source: Bird and Hernandez.

5.3.2.3 Supply and provision barriers

Lack of workforce and/or workforce awareness and expertise can be a barrier for multiple market actors, including but not
limited to builders, developers, contractors, and designers.'%2 This barrier is driven by not having enough workers to meet
market demand overall, and among available workers, not having sufficient training or education regarding energy efficient
technologies and building practices. This barrier is exacerbated by challenges retaining workers who have gained
knowledge and expertise, who may be drawn to work out of state or to follow different career paths.

In addition, while workforce supply is constrained, market demand for efficient homes has grown. One study from a peer
jurisdiction found that new home buyer interviews indicated growing awareness of and interest in energy efficient

160 Bjrd, Stephen and Hernandez, Diana. “Policy options for the split incentive: Increasing energy efficiency for low-income renters.” Energy Policy, Volume 48, 2012, Pages

506-514, ISSN 0301-4215. https://doi.org/10.1016/j.enpol.2012.05.053.

18" Table taken from: Bird, Stephen and Hernandez, Diana. “Policy options for the split incentive: Increasing energy efficiency for low-income renters.” Energy Policy, Volume
48, 2012, Pages 506-514, ISSN 0301-4215. https://doi.org/10.1016/j.enpol.2012.05.053.

62 A Scoping Study on Energy-Efficiency Market Transformation by California Utility DSM Programs.
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measures'®® and a second study found that home buyers placed high importance on energy efficiency.'®* Given recent
program and customer focus on all-electric new home construction in New Hampshire and across the region, there will be
increased demand for workers who are skilled in this area, and the gap between supply of and demand for trained workforce
may increase. More targeted market and customer research may aid in developing interventions to identify and overcome
specific workforce barriers.

The New Hampshire ENERGY STAR® Homes Program evaluation specifically addressed workforce barriers. In both New
Hampshire'® and a peer jurisdiction,®® studies have found rapid turnover for subcontractors (HVAC, plumbing, etc.) who
had been involved in new construction programs. In New Hampshire specifically, the evaluation found that HVAC
contractors perceived a high burden for meeting the design and administrative requirements necessary to receive ENERGY
STAR® certification. Since the time of the evaluation, the program has added a participation pathway which offers a reduced
rebate for projects involving HVAC contractors who build to the same program efficiency standards but who are not
ENERGY STAR®-certified, helping to circumvent this barrier.

The literature review found a common approach for overcoming workforce awareness and expertise barriers among peer
jurisdictions is providing training on energy efficient designs. Developers are inclined to prefer familiar, replicable designs, 67
so providing training to increase knowledge and transforming unfamiliar concepts into familiar concepts may help encourage
the adoption of energy efficient designs. One study found that program trainings on code compliance and trainings about
building practices were key activities driving savings in non-program homes, providing a key mechanism to impact the
overall market.'®® Another study found that a lack of information regarding energy efficient designs contributed to suboptimal
home designs,'® and could be remedied with additional education and training. In a peer jurisdiction, trainings offered by
program staff or third-party trade organizations left HERS raters very satisfied with program offerings, while builders cited a
desire to receive technical guidance in more practical terms.'”? In the same study, HERS raters stated a need for more
extensive air sealing technique trainings for builders, which expanded upon the finding that builders are aware of the
necessity of receiving more practical guidance.’”' To overcome workforce awareness barriers, program training offerings
should consider the specific needs of the relevant workforce.

5.3.3 Market trends

The review of literature on New Hampshire and peer jurisdiction residential new construction programs provided insights on
the market trends detailed below.

5.3.3.1 Market share

The New Hampshire ENERGY STAR® Homes Program evaluation found that the program reached 5% of homes built in
2014-2015."72 NH Utilities staff estimated that the program has increased its coverage of the market in recent years to
around 25% to 30% of new homes in New Hampshire. Increased program participation also increases overall levels of code

163 Eto, Joseph, Prahl, Ralph, and Schlegel, Jeff. 1996. “A Scoping Study on Energy-Efficiency Market Transformation by California Utility DSM Programs.” LBNL. Accessed
January 15, 2023. https://eta-publications.lbl.gov/sites/default/files/Ibnl-39058.pdf.

8 NMR Group, Inc. 2017. “R1602 Residential New Construction Program — Process Evaluation.” Accessed January 15, 2023.
https://energizect.com/sites/default/files/documents/R1602 Residential%20New%20Construction Process%20Evaluation Final%20Report 8.4.17.pdf.

165 ERS. 2017. “New Hampshire ENERGY STAR® Homes Program Impact Evaluation (2014-2015).” Accessed January 15, 2023.
https://www.puc.nh.gov/electric/Monitoring%20and%20Evaluation%20Reports/NH ESHomes Report Final v4-2017.pdf.

166 Eto, Joseph, Prahl, Ralph, and Schlegel, Jeff. 1996. “A Scoping Study on Energy-Efficiency Market Transformation by California Utility DSM Programs.” LBNL. Accessed
January 15, 2023. https://eta-publications.lbl.gov/sites/default/files/Ibnl-39058.pdf.

67 Golove, William, and Eto, Joseph. 1996. “Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency.”
LBNL. Accessed January 15, 2023._https://www.osti.gov/servlets/purl/270751.

88 NMR Group, Inc. 2018. “R1707 Net-to-Gross Study (NTG) of Connecticut Residential New Construction.” Accessed January 15, 2023.
https://energizect.com/sites/default/files/documents/R1707 %20NTG%20Study%20for%20CT%20RNC _Final%20Report 10.5.18.pdf.

'6° Golove, William, and Eto, Joseph. 1996. “Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency.”
LBNL. Accessed January 15, 2023._https://www.osti.gov/servlets/purl/270751.

70 NMR Group, Inc. 2017. “R1602 Residential New Construction Program — Process Evaluation.” Accessed January 15, 2023.
https://energizect.com/sites/default/files/documents/R1602 Residential%20New%20Construction Process%20Evaluation Final%20Report 8.4.17.pdf

7 NMR Group, Inc. 2017. “R1602 Residential New Construction Program — Process Evaluation.” Accessed January 15, 2023.
https://energizect.com/sites/default/files/documents/R1602 Residential%20New%20Construction Process%20Evaluation Final%20Report 8.4.17.pdf.

72 ERS. 2017. “New Hampshire ENERGY STAR® Homes Program Impact Evaluation (2014-2015).” Accessed January 15, 2023.
https://www.puc.nh.gov/electric/Monitoring%20and%20Evaluation%20Reports/NH ESHomes Report Final v4-2017.pdf.
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compliance, which paves the way for new practices and technologies to be later mandated by code updates.'”® Code
revisions are made through an extensive process involving stakeholder input and analysis of current building practices and
tradeoffs of increased requirements, including cost to builders and buyers of more efficient construction. As efficient
construction practices advance and penetrate the market, first among participating and then among non-participating
builders and contractors, the tradeoffs around code updates lean more toward increased efficiency requirements.

Increased program participation can also provide workforce benefits that enable further growth in the market share of
efficient homes. For instance, in a separate residential new construction process evaluation, evaluators found that the
program helped grow the HERS rater business in the state.'”* HERS raters are critical to ensuring homes are built efficiently,
and so this dynamic can create a positive feedback loop between programs and the workforce needed to implement them.

5.3.3.2 Net-to-gross

Net-to-gross (NTG) ratios have not been directly evaluated for residential new construction in New Hampshire. However, the
ENERGY STAR® Homes evaluation noted signs of spillover found in the process evaluation, based on comments made by
builders and HVAC contractors stating that their program experience raised performance levels in all homes they are
involved with.'”® For instance, several participating builders and HVAC contractors stated that they build their homes to
ENERGY STAR® standards, regardless of whether the home is built through the program.

A 2018 Connecticut study of NTG for residential new construction found an overall NTG ratio of 1.56, with high free-ridership
(0.69) and higher non-participant spillover (1.25).176:177 In other words, for every MMBtu of energy saved by program
participants, the program resulted in another 1.25 MMBtu of savings among non-participating homes. The high level of
spillover was attributed to training and program requirements for key measures such as air infiltration, duct leakage, and
insulation installation quality, which impacted construction practices across the market.'”® Similarly, an earlier study of the
Massachusetts Residential New Construction Program found significant non-participant spillover (1.39), driven by the same
dynamics.'"®

More recent studies have found decreasing NTG estimates, as shown in Table 5-5, which are indicative of reduced program
impacts due to broader efficiency advancements in new construction markets. Such results suggest that barriers to
efficiency in other states—as defined by program efficiency requirements in those states—are being overcome, increasingly
without program intervention. These results may not be indicative of the ENERGY STAR® Homes program and of New
Hampshire’s new construction market. However, New Hampshire may consider assessing NTG for the program, considering
the trend found in peer jurisdictions and the signs of spillover and increasing non-program efficiency levels previously found
in New Hampshire.

73 Eto, Joseph, Prahl, Ralph, and Schlegel, Jeff. 1996. “A Scoping Study on Energy-Efficiency Market Transformation by California Utility DSM Programs.” LBNL. Accessed
January 15, 2023. https://eta-publications.lbl.gov/sites/default/files/Ibnl-39058.pdf.

7 NMR Group, Inc. 2017. “R1602 Residential New Construction Program — Process Evaluation.” Accessed January 15, 2023.
https://energizect.com/sites/default/files/documents/R1602 Residential%20New%20Construction Process%20Evaluation Final%20Report 8.4.17.pdf.

75 ERS. 2017. “New Hampshire ENERGY STAR® Homes Program Impact Evaluation (2014—2015).” Accessed January 15, 2023.
https://www.puc.nh.gov/electric/Monitoring%20and%20Evaluation%20Reports/NH _ESHomes Report Final v4-2017.pdf.

76 NMR Group, Inc. 2018. “R1707 Net-to-Gross Study (NTG) of Connecticut Residential New Construction.” Accessed January 15, 2023.
https://energizect.com/sites/default/files/documents/R1707 %20NTG%20Study%20for%20CT%20RNC Final%20Report 10.5.18.pdf.

" The study noted that gross savings may decrease as non-program baselines improve, and lighting savings diminish. However, without the program, the study authors
surmise that non-program homes would have been somewhat less efficient than actuality, and program homes would have been much less efficient than actuality.

7 NMR Group, Inc. 2017. “R1602 Residential New Construction Program — Process Evaluation.” Accessed January 15, 2023.
https://energizect.com/sites/default/files/documents/R1602 Residential%20New%20Construction Process%20Evaluation Final%20Report 8.4.17.pdf.

7 NMR Group, Inc., 2014. “Massachusetts Residential New Construction Net Impacts Report.” Accessed Mar. 9 2023. hitps://ma-eeac.org/wp-content/uploads/Residential-
New-Construction-Net-Impacts-Report-1-27-14.pdf
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Table 5-5. Comparison Residential New Construction program NTG evaluation results
MA, 2011" CT, 20152 MA, 20153 MA, 2017- MA, 20224 | MA, 2023* | MA, 2024*

2019
Free-ridership 0.53 0.69 0.67 0.80 - - -
Non-participant | 4 3q 125 0.55 0.75 - - -
spillover
NTG 1.87 1.56 0.88 0.95 0.49 0.43 0.38

Note: Year reflects the year of construction for program homes covered in the study.

"NMR Group, Inc., 2014. “Massachusetts Residential New Construction Net Impacts Report.” Accessed Mar. 9 2023. hitps://ma-eeac.org/wp-content/uploads/Residential-
New-Construction-Net-Impacts-Report-1-27-14.pdf

2NMR Group, Inc. 2018. “R1707 Net-to-Gross Study (NTG) of Connecticut Residential New Construction.” Accessed January 15, 2023.
https://energizect.com/sites/default/files/documents/R1707 %20NT G %20Study%20for%20CT%20RNC_Final%20Report 10.5.18.pdf

3NMR Group, Inc. 2018. “Residential New Construction and CCSI Attribution Assessment (TXC48).” Accessed Mar. 9 2023. hitps://ma-eeac.org/wp-
content/uploads/TXC 48 RNCAttribution 24AUG2018 Final.pdf

4 NMR Group, Inc. 2021. “Low-Rise Residential New Construction NTG Study (MA20X05- B-RNCNTG).” Accessed March 8, 2023. hitps:/ma-eeac.org/wp-
content/uploads/MA20X05-B-RNCNTG_Low-rise-RNC-NTG_FinalDraft-07272021.pdf.

5.3.4 Future opportunities

The ENERGY STAR® Homes Program has achieved high levels of participation and has been nationally recognized year

over year for its success. However, there is additional room for growth and further market transformation. Although program
participants must exceed current building code requirements, code levels and efficient building practices are continually
advancing. As such, there will continue to be opportunities for the program to push the market forward, ahead of code and
toward the most efficient practices. As found in the 2017 evaluation:

“While the Program has done a commendable job promoting, facilitating, and validating the construction of

ENERGY STAR v3.0 homes, the larger issue facing the Program is the apparent widespread adoption of

efficient construction practices across the market. ...[The evaluation results] present convincing evidence

that the playing field shifted beneath the Program and nonpatrticipant homes have improved beyond the
baseline assumptions embedded in the Program savings estimates.”

Since the time of the study, the NH Utilities have responded by increasing program efficiency levels (to ENERGY STAR®
v3.1), but this dynamic of advancing efficiency levels will likely continue for new home construction, as it has across sectors
and technologies, as described in Section 4.4.2. As similarly found in a recent peer program evaluation, “as non-program
homes continue to gain in efficiency, the study recommends the program push for higher levels of performance to stay
ahead of non-program homes that continue to rapidly increase in efficiency.”'8% In addition, as discussed above, the
literature review uncovered multiple persistent residential new construction market barriers that programs can still address to
achieve further savings, including upfront cost, split incentives, and workforce barriers.

Continued support of the ENERGY STAR® Homes Program will provide a path for incentives and trainings to inject direct
support into the residential new construction market, principally for program participants, but likely inducing spillover effects
for non-participant homes following trends identified in secondary research. To ensure continued progress in advancing
efficiency levels, it is important that the program maintain high standards for efficiency levels of participating homes to
ensure they stay ahead of the broader market. Beyond incentives and trainings, interventions such as home energy
labeling™®' can help the program overcome barriers related to customer awareness. Along these same lines, the ENERGY
STAR® Homes Drive to Net Zero pathway—a design and build competition for single and multi-family homes—provides an
avenue for promoting and highlighting high efficiency, net zero homes, which can address informational and other barriers.

8 NMR Group, Inc. 2018. “R1707 Net-to-Gross Study (NTG) of Connecticut Residential New Construction.” Accessed January 15, 2023.
https://energizect.com/sites/default/files/documents/R1707 %20NTG %20Study%20for%20CT%20RNC_Final%20Report 10.5.18.pdf

181 https://empress.naseo.org/energy-
labeling#:~:text=Residential%20home %20energy %20labeling%20refers%20to%20programs%20or,labels %20for%20appliances%2C%20and%20nutrition %20facts %
20for%20food.
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5.3.41 New Hampshire Potential Study achievable savings

To estimate the scale of residential new construction savings that the ENERGY STAR® Homes program may be able to
achieve by overcoming barriers, the evaluation team analyzed savings opportunities for residential new construction as
originally modeled for the 2021-2023 New Hampshire Potential Study.'®? As shown in Figure 5-14, residential new
construction sees moderate, steady increases in achievable savings resulting from increased incentives and enabling
activities to overcome barriers.'® Further, these model results imply that absent all program interventions, barriers would
effectively prevent any modelled savings from occurring.

Figure 5-14. New Hampshire achievable savings scenarios for residential new construction, 2023
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Source: DNV analysis of 2021-2023 New Hampshire Potential Study results

5.4 Ca&llighting controls

Lighting controls in C&l facilities are intended to save energy by reducing the total hours of use of a lamp by reducing how
often the lamp is “on” through switches and sensors, and/or reducing the lumen output based on the lighting requirements in
a space and available lighting from other sources. The types of lighting controls available in the market range from manual
switches, occupancy sensors, and timers to advanced lighting controls (ALC), including networked lighting controls (NLC)
and luminaire level lighting controls (LLLC). This case study uses the definitions shown below in Table 5-6, derived from
recent studies in Massachusetts.'® More details on controls technologies can be found in those studies.

Table 5-6. Lighting control categories and associated controls

Control Basic controls Standalone Room-Based Luminaire Level Network Lighting
type Sensor Controls Lighting Controls Controls (NLC)
Controls (LLLC)
Manual switch, Occupancy Code-compliant Wireless networked Wired or wireless
Features manual dimmer, sensor, “kits” with occupancy fixture-level networked
time clock daylight sensor ~ and daylight integrated occupancy  occupancy and

sensors; may have and daylight sensors;  daylight sensors;

82 Dunsky. New Hampshire Potential Study, Statewide Assessment of Energy Efficiency and Active Demand Opportunities, 2021-2023, Oct. 2020.
https://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/20201016-NHSaves-Potential %20Study-Final %20Report-Volume %201.pdf

'8t is important to note that the study did not include primary research to enumerate and quantify market barriers in New Hampshire. Rather, the study used generalized
assumptions of market barrier levels that define maximum adoption rates for each measure based on market research and professional experience. New Hampshire-
specific primary research would be needed to ground-truth these model results.

'8 DNV. Massachusetts C&I Lighting Controls Market Study, 2021.
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high-end trim; high-end trim; fixtures  high-end trim;

networking within can be controlled fixtures can be

zone only; fixtures independently oras a  controlled

operate as a group zone independently or as
a zone

Source: MA 2020 C&l Lighting Controls Market Study, page 26. https:/ma-eeac.org/wp-content/uploads/MA20C11-E-LCR_Lighting-Controls-Final-Report 20210630.pdf;

In addition, there is not a large body of recent lighting controls research, and none in New Hampshire. As such, the team
relied primarily on several studies from Northeast states with larger energy efficiency program budgets, and different
markets than New Hampshire. The section below cites several Massachusetts studies, but it should be noted that the
Massachusetts C&l lighting market has been found to be about 2 years ahead of New Hampshire in terms of LED adoption,
a trend which is likely relevant for C&l lighting controls as well.'8®

5.4.1 New Hampshire program overview

C&l lighting controls comprised a small share of NHSaves program savings in 2021, accounting for just 3% of annual C&I
MWh savings and 2% of lifetime C&l MWh savings. C&l lighting controls have a great deal of remaining energy savings
potential, ranking in the top five non-residential measures in the 2021-2023 New Hampshire Potential Study, but programs
must overcome several hurdles to for this potential to be realized.

A suite of lighting control options is offered to C&l customers through the NHSaves programs. This includes networked
lighting controls, dimming sensors, and occupancy sensors, offered through Small Business Energy Solutions (SBES) and
Large Business Energy Solutions (LBES) programs as part of the commercial new construction or major renovation
pathways. LED lighting with controls, such as LED troffers with controls, troffer retrofit kits with controls, and high and low
bay lighting with controls are also offered through the C&l Midstream Lighting Initiative, which discounts the price of
equipment by providing the distributor an incentive for sales of program-eligible measures. Of these, networked lighting
controls are a relatively novel technology, while occupancy sensors and dimmers have been in the market for many years.

5.4.2 Barriers

The sections below discuss how adoption of controls is impeded by different types of barriers, but it is important to note that
these barriers vary by lighting control type, customer type, and individual customer needs and motivations. Individual
customer operating characteristics, such as how facilities are designed, what different spaces are used for, and what their
operating hours are, will impact the cost-effectiveness and appropriateness of different control types. Similarly, customer
adoption varies by their level of willingness to invest in controls with longer payback periods compared to standard lighting
upgrades, and their willingness to engage with control systems.

5.4.21 Financial barriers

The upfront incremental cost of lighting controls pose a barrier to their adoption, but this barrier has been found to be less
prominent than other types of barriers discussed below. Research into decreases in lighting control savings in
Massachusetts in 2014 found that the market was likely saturated with basic occupancy sensors, and that upfront
incremental cost was a primary barrier to the installation of more advanced controls'8. Research conducted in
Massachusetts in 2021 again found that upfront incremental cost of advanced controls was a barrier for some customers—
though not as significant as other barriers (e.g., informational and technical).

However, as seen in Figure 5-15, only 9% of customers that had recently completed a lighting upgrade that did not include
controls indicated that the upfront cost associated with advanced control systems influenced their decision not to include

8 ERS & Dunsky. New Hampshire Potential Study, 2021-2023 Volume 1V: Non-Residential Market Baseline Study, 2020 https://www.puc.nh.gov/Electric/Monitoring and

Evaluation Reports/20201016-NHSaves-Potential Study-Final Report-Volume 1V.pdf

8 DNV, Massachusetts Retrofit Lighting Controls Measures Summary of Findings FINAL REPORT, 2014. https:/ma-eeac.org/wp-content/uploads/Lighting-Retrofit-Control-
Measures-Final-Report.pdf
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lighting controls in their recent project. On the other hand, 37% of customers who had not recently installed a new LED
lighting system indicated that upfront cost may impact their decision to include lighting controls in a future lighting project.
This suggests that customers’ perception of the potential upfront cost is a more prominent barrier than the actual cost of
controls.

Figure 5-15. Customer reasons for not including advanced controls
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60% 58%
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41%
40% 38% 37%
32%
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23%
20% 159, 5% 17%
_— e 9%
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Space Type Lack of Lack of Market Actor Mot enough Other Cost Too Don't Know
Awareness Interest  didn't mention savingsivalue Complicated

Reason for not including controls with recent lighting installation (n=72)

m Perceived barrier preventing potential installation with future new lighting system (n=94)

Source: DNV, 2020 Massachusetts C&l Lighting Controls Market Study, page 17. https:/ma-eeac.org/wp-content/uploads/MA20C11-E-LCR_Lighting-Controls-Final-
Report 20210630.pdf

Other market actors view upfront cost as a significant barrier to increased adoption of advanced lighting controls. In
Massachusetts, as seen in Figure 5-16, cost was the most cited barrier by both lighting distributors and manufacturers and
roughly half of each group also indicated the current incentive level as another barrier. Customers’ uncertainty of the value
provided by advanced controls was also cited by almost half of the interviewed distributors as well.
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Figure 5-16. Distributor and manufacturer identified barriers to further sales and adoption of advanced lighting
controls
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Source: DNV. 2020 Massachusetts C&l Lighting Controls Market Study, page 26. https:/ma-eeac.org/wp-content/uploads/MA20C11-E-LCR_Lighting-Controls-Final-
Report 20210630.pdf

Similar research on the market for LLLC in the Pacific Northwest also found the real and perceived cost of these controls
was a barrier. One manufacturer noted the following about including controls alongside LED replacements: “the biggest
[challenge] is staying ahead of the cost curve...The cost adder for the control—let’s say the fixture was X dollars plus 25% to
get the control in there. As the cost of lighting has dropped over the years, the cost of controls has not kept pace at the
same rate, so controls cost has become a larger cost adder.”'®” Market actors interviewed for the study also noted they have
observed customers declining to include lighting controls in retrofit lighting projects as the energy savings and associated
financial benefits resulting from new LEDs meets their needs without adding controls.

Beyond upfront project costs, controls technologies can also face financial barriers due to hidden costs not captured in the
price of efficiency investments—specifically, technical appropriateness and performance risks. For instance, when
customers perceive that advanced controls are not appropriate for their specific needs in a space (they may need lighting at
all times due to safety concerns or security, the space may be low occupancy, or they need to trust the lights will be
available when needed), it becomes more difficult to convince these customers that the additional benefits provided by
controls outweighs the cost. Control owners in the Pacific Northwest indicated they have had “to remove some automatic
control functionality due to safety concerns in a dentist office, delays in lights turning on after a control input, and issues with
system components failing shortly after installation.”'8. Challenges like these are hidden costs associated with controls that
do not meet the needs of the space. On-going operations and maintenance costs, including tune-ups and reprogramming,
and software support are on-going costs customers may incur over the lifetime of the controls system. An ESCO in the
Pacific Northwest noted there is a perceived risk that software support of functionality may erode over time and add

87 NMR and Energy Futures Group. 2019-2020 Luminaire Level Lighting Controls Market Assessment, November 2020. https:/neea.org/img/documents/2019-2020-
Luminaire-Level-Lighting-Controls-Market-Assessment.pdf
'8 https://neea.org/img/documents/Luminaire-Level-Lighting-Controls-Market-Progress-Evaluation-Report-1.pdf
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additional, potentially unforeseen expenses. '8. A control owner in this area also “reported significant challenges with
system commissioning, with no real resolution after several years and multiple calls to the manufacturer”'%,

Finally, controls projects can face financial barriers due to transaction costs associated with project installations. The optimal
time to install lighting controls is often in coordination with an LED retrofit as it is the more convenient and cost-effective to
fully update the lighting system in a single project rather than through two separate projects. As C&l lighting programs have
successfully influenced customers to replace their previous lighting systems with LEDs, it may be many years before current
lighting systems need to be updated or replaced. As a result, to install advanced lighting control systems, many customers
would have to retrofit their existing lighting systems, increasing not only the total cost of lighting savings (through having to
pay for two separate installation projects) but also increasing the transaction costs by potentially interrupting the customers’
operations as their lighting system is being modified. In Massachusetts, when customers who recently completed a lighting
project without controls were asked if they would consider retrofitting their current LED system to include advanced lighting
controls, only 24% were interested.

5.4.2.2 Informational barriers

Manufacturers and distributors report having high levels of awareness of advanced controls but report low levels of
awareness among their customers. All manufacturers and distributors interviewed for the Massachusetts lighting control
study noted they had familiarity with standalone controls, room-based controls, and LLLCs and all but one manufacturer and
two distributors were familiar with NLCs. However, almost two thirds of distributors (63%) and 43% of manufacturers
indicated that customer awareness of advanced lighting controls was a barrier to adoption.'®! Manufacturer representatives
interviewed in the Pacific Northwest also cited market actors’ and customers’ lack of familiarity with LLLC and the
inadequate communication of the benefits of these systems by market actors as major barriers.'%?

As shown in Figure 5-15 above, 41% of customers who had recently completed a lighting project without controls in
Massachusetts indicated they were not aware of advanced controls at the time of their project, though among customers
considering a future lighting project, only 15% were unaware of advanced lighting controls. This suggests that more
information had become available in the market since prior participants had completed their lighting projects. Overall across
both groups, roughly two thirds of customers were aware of advanced lighting controls in 2020, up from 23% in 2018'%. In
addition, only 18% of customers indicated that the market actors they worked with did not mention advanced controls.

The lack of awareness of advanced lighting controls is compounded by their complexity and challenges in communicating
these complexities to customers. With the introduction of more advanced controls, such as LLLCs and NLCs, the
opportunities for savings increase but the complexity does as well. A manufacturer recently interviewed for research in the
Pacific Northwest noted that “some customers and installers are drawn to non-LLLC controls just because it is easier to
understand.”®* In Massachusetts, 27% of customers expressed a desire for better guidance and support on determining
types of controls appropriate for their space.%®

Customer skepticism of the usability and function of advanced lighting controls also serves as another barrier to adoption,
which is also driven in part by their increasing complexity as well as disappointing experiences with prior controls projects.
Similar to residential customers’ skepticism of LEDs after negative experiences with CFLs, some C&l customers hesitate to
adopt advanced controls because of prior experience with poorly functioning occupancy sensors. Lighting vendors

8 NMR and Energy Futures Group. 2019-2020 Luminaire Level Lighting Controls Market Assessment, November 2020. https:/neea.org/img/documents/2019-2020-
Luminaire-Level-Lighting-Controls-Market-Assessment.pdf

% NEEA, Luminaire Level Lighting Controls Market Progress Evaluation Report, 2021. https:/neea.org/img/documents/Luminaire-Level-Lighting-Controls-Market-Progress-
Evaluation-Report-1.pdf.

9" DNV. 2020 Massachusetts C&I Lighting Controls Market Study. https:/ma-eeac.org/wp-content/uploads/MA20C11-E-LCR Lighting-Controls-Final-Report 20210630.pdf.

%2 NMR and Energy Futures Group. 2019-2020 Luminaire Level Lighting Controls Market Assessment, November 2020. https:/neea.org/img/documents/Luminaire-Level-
Lighting-Controls-Market-Progress-Evaluation-Report-1.pdf.

93 DNV. 2020 Massachusetts C&I Lighting Controls Market Study. https:/ma-eeac.org/wp-content/uploads/MA20C11-E-LCR _Lighting-Controls-Final-Report 20210630.pdf

%4 |pid.

1% |bid.
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interviewed in 2014 also found customers to be skeptical of new lighting control technologies due to “a bad reputation
hangover from the first generation of sensors.”'? Other market actors interviewed in the Pacific Northwest noted that
customers value simplicity and remain skeptical of automated controls after negative experiences with occupancy sensors,
finding them difficult to operate as they can turn off at inappropriate times or otherwise not work as expected '%. Recent
research in Connecticut found many customers reported that information on advanced technologies provided by contractors,
distributors, and retailers was often misleading. The study identified a need for programs to ensure appropriate
commissioning and networking for NLCs to improve product performance and help address skepticism barriers. 198

Finally, as noted above and shown in Figure 5-15, customers’ perception of the potential upfront cost of lighting controls is a
more prominent barrier than the actual cost of controls for those who have completed projects. This result may reflect an
underlying lack of awareness of the true costs of lighting controls and suggests an opportunity for improved communication
and education to customers about project costs.

5.4.2.3 Organizational barriers

As discussed in the industrial process case study in section 5.5.2.2 below, C&l customers commonly operate on strict
planning and budgeting cycles with prescribed processes for developing business cases and evaluating and approving
equipment upgrades. These customers do not always consider or prioritize energy costs as part of this process, so cost-
effective energy savings projects may not be identified or planned for as part of the standard planning and budgeting cycle.

Internal organizational walls between facility managers, financial units, and IT departments can further complicate and
impede adoption of advanced lighting controls. Advanced control owners in the Pacific Northwest emphasized the
importance of engaging with their IT departments, or assigning ownership of the control system to the IT department, before
control installation to ensure they are integrated correctly and able to operate effectively.’®® Engaging IT early in the
selection and installation process can also help mitigate customer concerns around cyber security. If this engagement does
not happen, it can lead to poor performance and limit future adoption. For instance, In Massachusetts, 60% of customers
who installed advanced lighting controls needed to adjust, tune, or reprogram them to maintain performance or proper
operation,?%® and 52% of manufacturers and 25% of distributors feel that advanced lighting controls are complicated to
operate, and this can perpetuate difficulty of adoption.

Corporate financial requirements and processes are also common features of large C&l customers that create barriers to
adoption of controls. These features are discussed in more detail in the industrial process case study in Sections 5.5.2.1 and
5.5.2.2 below. Market actors interviewed in the Pacific Northwest noted that adding LLLC to projects extends projects’
payback period beyond what is often acceptable to commercial customers, making it almost impossible to include these
controls in projects they offer. They also noted that customers pursuing lighting system retrofits are sensitive to budget
increases due to internal requirements, further complicating the promotion of advanced controls in these projects.?0’

Finally, management resistance to controls projects has been found to be an organizational barrier to their adoption. When
key individuals in an organization do not support projects, they will typically fail to obtain the necessary internal capital and
approvals. Even if approved and installed, if key managers are dissatisfied with project performance, they may remove the
measures and/or resist future opportunities to pursue efficiency measures. For example, interviewees in a recent

% DNV, 2020 Massachusetts C&l Lighting Controls Market Study, 2020. https:/ma-eeac.org/wp-content/uploads/MA20C11-E-LCR_Lighting-Controls-Final-
Report 20210630.pdf

7 NEEA, 2019-2020 Luminaire Level Lighting Controls Market Assessment, 2020. hitps://neea.org/img/documents/2019-2020-Luminaire-Level-Lighting-Controls-Market-
Assessment.pdf.

9% DNV, Recommendations for ALC Measure Parameters, 2022.

https://energizect.com/sites/default/files/2022-07/CT%20X1931-4%20ALC%20PSD %20Phase%202%20Memo%20Final060822.pdf

% NEEA, Luminaire Level Lighting Controls Market Progress Evaluation Report, 2021. https://neea.org/img/documents/Luminaire-Level-Lighting-Controls-Market-Progress-
Evaluation-Report-1.pdf.

200 2020 C&l Lighting Controls Market Study. https://ma-eeac.org/wp-content/uploads/MA20C11-E-LCR_Lighting-Controls-Final-Report 20210630.pdf

201 NEEA, 2019-2020 Luminaire Level Lighting Controls Market Assessment, 2020. https:/neea.org/img/documents/2019-2020-Luminaire-Level-Lighting-Controls-Market-

Assessment.pdf.
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Connecticut study noted that proper setup and commissioning was often an issue for customers, and one respondent
provided an example of a business CEO using the bathroom and having the sensors turn the lights off on him. After this
event, the CEO had the controls mechanisms removed or disabled.202

5424 Supply and provision barriers

Adoption of C&l lighting controls is impeded to some extent by the same type of workforce constraints facing the energy
efficiency sector and the economy more broadly, as discussed throughout this report. New Hampshire faces this barrier to
an equal or greater extent as other states in the region. For instance, DNV interviewed individuals from organizations with
expertise and knowledge of the NHSaves programs as part of a parallel study to this market barriers review, covering topics
including local workforce needs and opportunities.?°® These organizations included two vendors and three large, multi-
project participants in the NHSaves programs. According to the interviewees, complex C&l projects such as controls
projects, are one of two program areas (along with weatherization) that face the most significant workforce shortages in New
Hampshire. They said that they frequently need to rely on out-of-state firms for projects requiring specialized expertise in
complex custom projects and controls measures.

As shown above in Figure 5-16, distributors and manufacturers in Massachusetts cited (1) lack of training and certification
skills among the installation workforce and (2) complicated installation requirements as barriers to installation of advanced
controls. However, among distributors, 56% cited lack of training and certification, while only 31% cited complicated
installations as a barrier. This suggests that training and certification opportunities are a more prohibitive factor than the
complexity of the installations themselves. Figure 5-17 below provides additional detail on the contractor-reported training
and workforce barriers to adoption of advanced lighting controls in Massachusetts.

Figure 5-17. Contractor (n=12) training and workforce development barriers to LLLC and NLC adoption

LLLC LLLC LLLC LLLC LLLC NLC
Training/ Certification Complicated Awareness No Barriers Other Barriers
Specifications

Source: 2020 C&l Lighting Controls Market Study, page 19. https://ma-eeac.org/wp-content/uploads/MA20C11-E-LCR_Lighting-Controls-Final-Report 20210630.pdf

Various types of lighting control technologies also flow through different supply chains. Each link in each supply chain can
represent a possible risk in getting a product from the supplier into the customer’s facility.24 As shown in Figure 5-18, the

22 Energize CT, Recommendations for ALC Measure Parameters, 2022. https://energizect.com/sites/default/files/2022-07/CT%20X1931-
4%20ALC%20PSD%20Phase%202%20Memo0%20Final060822.pdf.
203 See DNV. Report on Economic Impacts of the NHSaves Programs, Mar. 2023 (to be filed).

204 MA EEAC, 2020 C&l Lighting Controls Market Study. https://ma-eeac.org/wp-content/uploads/MA20C11-E-LCR _Lighting-Controls-Final-Report 20210630.pdf

DNV — www.dnv.com Page 61



DNV

more advanced the control, the greater the quantity of links in the supply chain and the more opportunities for success or
failure due to supply issues. Given the complexity of the supply chain for advanced controls, planning and coordinating the
timing of project installations is important, particularly if the controls are to be installed as part of larger lighting retrofit
projects.

Figure 5-18. Simplified supply chain mapping for control categories2%
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Source: 2020 C&l Lighting Controls Market Study, page 19. https://ma-eeac.org/wp-content/uploads/MA20C11-E-LCR_Lighting-Controls-Final-Report 20210630.pdf

5.4.3 Market trends

Basic lighting controls such as occupancy sensors have been widely adopted in certain subsectors (e.g., offices), but more

advanced lighting controls have seen relatively low market uptake in C&l facilities, despite the potential energy and cost
savings. Massachusetts research from 2020 found that less than 1% of C&l customers had installed advanced lighting
controls and roughly 22% had standalone controls, such as occupancy sensors. There is a pronounced difference between
program participants and non-participants with 39% of lighting participants and 16% of non-participant C&l customers having
standalone controls. Approximately 15% of lighting systems in Massachusetts were controlled with standalone controls2%.
As noted above, the New Hampshire 2021-2023 Potential Study found that the Massachusetts C&l lighting market was
about 2 years ahead of New Hampshire in terms of LED adoption. As such, we can reasonably estimate current adoption of
lighting controls in New Hampshire to be similar to what was observed in Massachusetts in late 2020.207

Figure 5-19 shows how the mix of lighting controls sold in the Pacific Northwest has shifted from simple controls such as
timers and daylight dimmers towards more advanced controls. While advanced controls grew to 20% of reported sales in
2017 through 2019, occupancy sensors and photocells still dominate the market. It is also important to note that this figure
only reflects controls projects and does not provide insight into the overall level of adoption of lighting controls over time.

25 |bid.
26 |bid.
27 Dunsky. New Hampshire Potential Study
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Figure 5-19 Pacific Northwest BPA controls sales data
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Source: 2020 C&l Lighting Controls Market Study, page 24. https://ma-eeac.org/wp-content/uploads/MA20C11-E-LCR_Lighting-Controls-Final-Report 20210630.pdf

Distributors in Massachusetts also provided researchers insights into the mix of lighting control technologies they sold in
2018, and what they anticipated market share would look like in 2020 and 2024. As shown in Figure 5-20, the market share
for advanced controls (LLLC and NLC) in 2018 was similar to what waws observed in the Pacific Northwest during the same
time. Massachusetts distributors anticipate that the market share of advanced lighting controls will increase by 79%
between 2018 and 2021 and another 26% between 2021 and 2024. Most of the increase in advanced controls market share
is expected to be offset by a decrease in manual or standalone controls, while market share for room-based controls is
expected to remain around 25%.

Figure 5-20 Distributors estimated market share for lighting control technologies (2018 —2024)
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Source: 2020 C&l Lighting Controls Market Study, page 23. https://ma-eeac.org/wp-content/uploads/MA20C11-E-LCR_Lighting-Controls-Final-Report 20210630.pdf
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5.4.4 Future opportunities

With such low prevalence across the C&l space, there should be many opportunities for increased adoption of lighting
controls if the identified barriers to adoption can be mitigated. As stated in the NH Potential Study, “Advanced lighting
controls, including networked lighting, is a growing opportunity as new technologies and products integrate efficiency
savings with increased functionality and non-energy benefits. These offer an emerging opportunity that also faces notable
challenges including limited cross-compatibility among products from different manufacturers, limited customer awareness of
the options and benefits, and timing re-lamping efforts with controls change-outs. Achieving the potential savings from
advanced lighting controls will likely require investment to identify the most effective delivery strategies and tracking product
development and roll-out.”?%

Overall, controls are often most convenient and cost-effective to install during a broader lighting retrofit project. With LED
lamps and fixtures having high saturation, this poses a large barrier as existing systems likely do not need to be replaced for
many years and retrofitting LEDs with controls can be inconvenient, as it may lead to interruption in building operations for a
second time, and costly, as labor and equipment needs to be brought in again.

Increasing the adoption of lighting control technologies and their effective use will take investment and efforts from utility
programs. Overcoming the barriers identified in this case study relies heavily upon increasing awareness amongst
customers of the benefits and use of controls, providing market actors and customers with accurate information on the
benefits, lifetime costs, and best type of control for their space and needs, and honing the supply process. The nuance and
complexity inherent in complicated advanced control measures requires clear training, workforce development, and
understanding throughout the supply chain so distributors, retailers, installers, and customers understand what they are
purchasing, how it is used, and how it saves them energy. Appropriate installation can help avoid negative customer
experiences that lead to disabling of control systems. Furthermore, utilizing utility programs as a pathway to finding
customers at the point of lighting retrofit can ease the difficulty and incremental cost of installing controls as well.

5.4.41 New Hampshire Potential Study achievable savings

To estimate the scale of C&l lighting controls savings that the NHSaves programs may be able to achieve by overcoming
barriers, the evaluation team analyzed savings opportunities for C&l lighting controls measures as originally modeled for the
2021-2023 New Hampshire Potential Study.?%® As shown in Figure 5-21, C&l lighting controls see significant increases in
achievable savings resulting from increased incentives and enabling activities to overcome barriers.2'® This points to
relatively high market barriers and low participant cost-effectiveness in the absence of incentives, both of which are
mitigated via the increased program incentives and enabling strategies modeled in the mid and maximum scenarios. These
model results also imply that absent all program interventions, barriers would effectively prevent any modeled savings.

208 Dunsky. New Hampshire Potential Study

209 Dunsky. New Hampshire Potential Study

210 1t is important to note that the study did not include primary research to enumerate and quantify market barriers in New Hampshire. Rather, the study used generalized
assumptions of market barrier levels that define maximum adoption rates for each measure based on market research and professional experience. New Hampshire-
specific primary research would be needed to ground-truth these model results.
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Figure 5-21. New Hampshire achievable savings scenarios for C&l lighting controls, 2023
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Source: DNV analysis of 2021-2023 New Hampshire Potential Study results

5.5 Industrial process measures
5.5.1 New Hampshire program overview

NHSaves has offered a Large Business Energy Solutions (LBES) Program to customers including those in the New
Hampshire industrial sector since before 2000. In its current form, it targets customers with an average monthly demand of
200kW or larger, providing them with incentives and other support for the purchase and installation of energy efficient
equipment. Energy efficient equipment must be part of a new construction or renovation project, process expansion,
replacement of equipment that has reached its end of useful life or to replace less efficient existing equipment.2!' Program
interventions include incentives, technical assistance, and free energy audits. Installations of energy efficient technology can
be done by industrial customers’ in-house staff or vendor/contractors.

The program provides custom incentives for complex or tailored measures, including process measures, that meet eligibility
criteria. Eligibility is based on project cost and potential energy savings quantified and evaluated through a benefit/cost
model. Technical assistance by an outside engineering firm may be offered through the program to quantify the energy
savings potential of a proposed project. The program offers free audits to identify opportunities to improve industrial process
energy efficiency. Following the audit, a report is delivered to the customer that provides a menu of potential savings
opportunities.

5.5.2 Barriers

The industrial sector is highly heterogenous, with significant variation in types of process measures, usage patterns, and
facility types. For example, the Manufacturing Energy Consumption Survey (MECS), a mandatory survey administered by
the U.S. Census, covers 21 manufacturing subsectors and 79 industry groups and industries, all with highly specialized
equipment.?'2 The heterogenous nature of industrial facilities and process equipment complicates efforts to study energy
consumption and implement energy efficiency offerings on a large scale. There has not been primary research specifically
on energy efficiency adoption in New Hampshire’s industrial sector and there are limited program evaluations on industrial

21" Liberty Utilities, Large Business Programs, 2023. https://new-hampshire.libertyutilities.com/acworth/commercial/smart-energy-use/electric/large-business-programs.html,
212 MECS is a national survey that collects information on the stock of U.S. manufacturing establishments, their energy-related building characteristics, and their energy
consumption and expenditures. The MECs survey is required of any manufacturing establishment. See https://www.eia.gov/consumption/manufacturing/about.php
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process offerings and equipment nationally. The team leveraged available research from DOE and several jurisdictions with
industrial process offerings that have been studied.

The barriers to industrial customers adopting energy efficient process measures are described in this section.

5.5.21 Financial barriers

Process equipment upgrades are often a large budget item for industrial businesses, and the incremental upfront cost of
high-efficiency technologies can be accordingly large. Industrial businesses face internal competition for capital, which must
be allocated across multiple business needs and budget areas. As such, they often have limited capital available for end-use
efficiency projects and frequently require very short payback periods for such investments. A 2021 study of equipment
saturation in California’s industrial and agricultural markets found that concerns of upfront cost were among the most
common barriers to adopting energy efficient measures within these sectors.?'® More specifically, the study cited risk of
industrial facilities investing in energy efficiency projects and the challenges in accessing capital to make said investments.
Industrial customers’ access to internal capital designated for energy efficiency projects is commonly limited and requires
short payback periods (1-3 years). Specifically, end user interviews found that the median payback period required for
internal management approval of energy efficiency projects was 3.5 years—56% of the companies with threshold payback
periods had periods of 3.5 years or less.

Financial risks create another barrier to adoption of efficient industrial process measures. The volatility of energy prices and
broadly increasing price trends can make accessing and allocating funds for energy efficiency projects difficult.2'4
Specifically, volatile prices cause uncertainty in projecting cost savings from efficiency investments, creating an additional
barrier to internal capital allocation decisions and approval for energy efficiency projects. The extent of this barrier differs by
customer, as energy costs differ depending on several factors, including the energy intensity of production processes. As
such, projected cost savings from energy efficiency measures impact business margins differently—for energy intensive
businesses, potential cost savings are greater, but so are the impacts of energy price volatility. Complex corporate financing
and tax structures, including depreciation periods and treatment of energy costs, can also act as a deterrent to adopting
energy efficient measures because they create financial risk and complicate internal financing processes. These challenges
may also result in industrial customers facing difficulty securing low-cost financing.?'4

Finally, transaction costs—specifically the costs of business disruption associated with installing an energy efficiency
measure—pose a financial barrier to adoption. Studies of large business efficiency programs have found that disruption of
production and the associated impact to revenue is generally an important consideration during internal decision making.2'®
This is particularly the case for measures that are entirely intended for energy savings purposes, rather than those being
implemented as part of planned replacements or upgrades that would have had to happen regardless of whether an efficient
technology was involved.

Program interventions

Energy efficiency programs including NHSaves provide custom incentives to help overcome financial barriers. Due to
heterogeneity in process measures, facility types, and operations and usage patterns, a one-size-fits-all, prescriptive,
technology-specific incentive approach is not feasible. Rather than provide fixed incentives for specific pieces of equipment,
programs typically provide incentives based on the amount of energy saved (e.g., cents per kWh or therm). Program staff
and vendors also work with customers to address other barriers, such as by coordinating installations to minimize business

213 DNV andGuidehouse, Industrial/Agricultural Market Saturation Study: 2021 Potential and Goals Study, https://www.cpuc.ca.gov/industries-and-topics/electrical-
energy/demand-side-management/energy-efficiency/energy-efficiency-potential-and-goals-studies/2021-potential-and-goals-study .

214 U.S. Department of Energy, Barriers to Industrial Energy Efficiency, https://www.energy.gov/eere/amol/articles/barriers-industrial-energy-efficiency-report-congress-june-
2015.

215 Opinion Dynamics, Connecticut C1901 Commercial and Industrial Energy Efficiency Programs (non-SBEA) Process Evaluation. 2021.
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disruption, and communicating and coordinating incentive agreements to provide a predictable commitment of funding to
help alleviate financial risks.

5.5.2.2 Organizational barriers

The organizational structure of industrial customers can result in the costs and benefits of energy efficient projects being
split across various business units within a company. Cost is commonly the primary factor in business leaders’ decision-
making, and the non-energy or co-benefits of energy efficiency projects—which are typically experienced by the specific
business unit managing the process line—are not always recognized when forming the business case for these upgrades.?'®
This is a variation of the split incentive barrier prevalent in the residential sector between landlords and tenants, or between
new home builders/developers and future owners.

Industrial facilities commonly operate on strict planning and budgeting cycles—typically annual—with prescribed processes
for developing business cases and evaluating and approving equipment upgrades. Energy resource planning is not always
required within industrial businesses, so cost-effective energy savings projects may not be identified or planned for as part of
the standard planning and budgeting cycle. In addition, these internal planning cycles may not align with utility and state
energy efficiency program cycles, hindering businesses’ ability to benefit from offerings.2'” For instance, a large industrial
customer with energy-intensive engineering and laboratory facilities in New Hampshire who was interviewed as part of a
recent NHSaves evaluation described the complexities of their corporation’s internal financial cycle. The interviewee said
that their company’s central financial department has one fixed bucket of funding each year for equipment upgrades,
creating internal competition for funding and challenges in planning and prioritizing facility maintenance and improvements.
NHSaves program funding must be identified and arranged at the right time in the planning cycle to use it as part of the
business case to secure internal funding for efficiency projects. The interviewee said that predictable program funding was
critical to this process.

Program interventions

As described by NH Utilities staff, to address these organizational barriers, utility account executives (i.e., staff who manage
relationships with large customers) work closely with large industrial customers to help manage energy needs and costs,
including by leveraging NHSaves offerings. This direct relationship approach allows the programs to circumvent
organizational barriers by accessing key decision makers responsible for managing overall energy costs. Program staff can
provide key information to support developing a business case for energy efficiency upgrades, and coordinate program
incentives to align with businesses’ internal planning cycles.

5.5.2.3 Informational barriers

The heterogenous nature of the industrial sector requires knowledge of highly specialized processes to identify and execute
energy savings opportunities. For example, recent research in California found that lack of knowledge of efficient equipment
and knowledge of benefits among facility managers was one of the most common barriers to installing industrial and
agricultural energy efficiency measures.?'® Furthermore, businesses that do have general awareness of energy efficiency
often lack in-house expertise or the resources to hire outside experts to identify specific opportunities and design energy
efficiency projects. This lack of knowledge of technologies, implementation strategies, and financing mechanisms limits
businesses’ ability to consider energy efficiency in their capital planning cycles. As mentioned in Section 5.4.2.2,
incorporating energy efficiency in businesses’ planning cycles is critical to obtaining internal capital and gaining
management approval for equipment upgrades.

216 U.S. Department of Energy, Barriers to Industrial Energy Efficiency, https://www.energy.gov/eere/amol/articles/barriers-industrial-energy-efficiency-report-congress-june-
2015. 2015.
217 |bid.
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Informational barriers can also impede policy makers and program planners from designing programs to support the
industrial sector. Such efforts often rely on data on equipment stocks, manufacturing processes, and other information to
understand trends in energy use and inform programs and policies to reduce energy consumption. The heterogeneous
nature of industrial process measures can create challenges in gathering and analyzing such data (e.g., metering measures
to collect energy consumption data), particularly at an aggregate level needed to develop broad policies and programs. The
lack of broad industry data and expertise to evaluate such data can create barriers to identifying and evaluating
opportunities to reduce energy consumption and can hinder the development of programs to support industrial facilities
adopting energy efficient technologies.?'*

Program interventions

As noted in 5.5.2.2, the NHSaves program engages large industrial customers directly through account executives, and this
direct relationship approach is the primary focus for marketing and promotion of industrial offerings. Through these
relationships, program staff can provide information on the cost savings, energy savings, and non-energy benefits of
efficiency upgrades, and provide technical assistance resources to identify energy savings opportunities. This can include a
no-cost, high level scoping study that provides a set of potential energy savings opportunities for the customer, followed by
more rigorous technical assistance studies, generally provided at a 50% cost share.

5.5.24 Supply and provision barriers

If businesses are able to overcome the financial, informational, and organizational barriers cited above, finding qualified
vendors and contractors to install measures can pose yet another barrier to their adoption.2'® Process measures may be
unique to an industry, requiring highly specialized knowledge for equipment maintenance and installation. For example,
according to a recent interview with a large industrial customer with energy-intensive engineering and laboratory in New
Hampshire, a lack of technical expertise for controls and retro-commissioning projects in New Hampshire has caused
significant wait times in accessing technical support, resulting in further challenges with financial planning. As noted in other
sections in this report, workforce constraints are widespread, including in the energy services sector. These constraints can
be especially acute in trying to meet custom, specialized needs, as if often the case for industrial process projects.

55.3 Market trends
Market share

Due to the heterogeneity of the industrial sector, it can be cost-prohibitive to gather comprehensive data on the market share
of efficient equipment across the sector. New Hampshire has not conducted research in this area, but some studies
elsewhere have collected and analyzed data on the prevalence of efficient technologies in targeted subsectors. For
instance, recent research in California estimated the saturation of selected efficiency measures, as shown in Table 5-7.21°
While the sample size was small, the study estimated relatively low levels of saturation of energy efficient equipment.
Specifically, average estimates provided by end users and vendors indicate that saturation of efficient measures for most
industrial and agricultural equipment types was less than 50%, which suggests that there are significant remaining
opportunities for energy savings.

218 Opinion Dynamics, Connecticut C1901 Commercial and Industrial Energy Efficiency Programs (non-SBEA) Process Evaluation, 2021.
219 DNV and Guidehouse, Industrial/Agricultural Market Saturation Study: 2021 Potential and Goals Study, 2021. https://www.cpuc.ca.gov/industries-and-topics/electrical-
energy/demand-side-management/energy-efficiency/energy-efficiency-potential-and-goals-studies/2021-potential-and-goals-study .
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Table 5-7. Efficient measure saturation levels by selected subsector, California 2021

Subsector Energy efficiency measure End user Vendor Average measure
estimates of estimates of saturation
measure measure estimate
saturation saturation

Chiller plant optimization 6% 24% 15%

Electronics o No estimates o
Manufacturing RCx 44% provided 44%

Low pressure drop filters in o & &
cleanroom spaces SOl 2155 S5
Ref'ng.era'tlon system 62% 24% 43%

optimization
Food Production Boilers and heat recovery 19% 11% 15%
No estimates

o, 0,
VFDs on pumps and motors 68% provided 68%
Heat recovery 30% 12% 21%

Chemical Advanced automation and o o o
Manufacturing optimization 29% 33% 31%
Mechanical drives/VSDs 40% 51% 46%

Refrigeration system heat o o o
3 recovery 19% 29% 24%
Dairies VFDs on pumps 31% 32% 32%
EE fans and ventilation 62% 48% 55%
Water Pumping for | Efficient pumps and motors 63% 42% 53%
Agriculture Sensors and controls 59% 44% 52%
LED grow lights 38% 41% 40%
Greenhouses EE HVAC 42% 46% 44%
Energy curtains 42% 60% 51%

Source: DNV and Guidehouse, California Industrial/Agricultural Market Saturation Study: 2021 Potential and Goals Study, 2021.

Beyond California, the 2018 MECS survey of manufacturing facilities provided estimates of nationwide rates of businesses
conducting energy audits to identify potential energy saving opportunities. The level of energy audit activity varied widely
among the 79 industries surveyed, ranging from audit rates of over 60% of surveyed businesses in the mils and petroleum
refinery subsectors to less than 10% in several subsectors including furniture products and fertilizer production subsectors.
The average rate of audit activity across the surveyed industries was 17%.22° As with the California study, the MECS data
indicates that there is significant opportunity for energy savings in the industrial sector.

5.5.4 Future opportunities

Due to the heterogenous and specialized nature of most industrial process measures, program interventions must be
tailored and customizable for individual customers. Interventions that are often successful in the residential or small

business sectors, such as prescriptive, technology-specific incentives, mass-market outreach and promotion, and support for
manufacturing and stocking of equipment by upstream and midstream market actors, would not be feasible or effective for
the industrial sector.

The NHSaves programs provide tailored interventions to this sector, including custom incentives, direct customer outreach
and engagement, and technical assistance. There are similar program models throughout the Northeast, as well as
alternative or additional approaches that utility programs have used to engage industrial customers. For instance,
Connecticut and New York both have initiatives focused on continuous engagement of industrial participants through regular

220 J.S. Energy Information Administration - EIA - Independent Statistics and Analysis, Energy Management Activities and Energy Savings Tech, table 8.11, 2018.
https://www.eia.gov/consumption/manufacturing/data/2018/#r10.
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events and facility visits to increase education and awareness of energy saving technologies and identify and coordinate
opportunities to use behavioral measures or capital improvements to reduce energy use and costs.?21222

Due to limited available market saturation research in New Hampshire, our review cannot reliably estimate the future savings
opportunities in the state. More specific insights on these savings opportunities in New Hampshire, and the optimal targeting
and design of program interventions, would require deeper analysis on equipment stocks in the state’s industrial sector,
along with other firmographic data on facility types, manufacturing and production processes, and energy use profiles. More
broadly however, the available evidence shows that significant savings opportunities remain within this sector.

5.5.4.1 New Hampshire Potential Study achievable savings

To estimate the scale of industrial process savings that the NHSaves programs may be able to achieve by overcoming
barriers, the evaluation team analyzed savings opportunities for process measures as originally modeled for the 2021-2023
New Hampshire Potential Study.??® As shown in Figure 5-22, industrial process measures see moderate increases in
achievable savings from increased incentives and enabling activities between the low and mid scenarios, and a smaller
increase from maximizing incentives under the maximum scenario.??* This suggests that these measures can be cost-
effective for participants without large program incentives, but that moderate incentives and enabling activities are important
for unlocking savings. These model results also imply that absent all program interventions, barriers would effectively
prevent any modeled savings from occurring.

Figure 5-22. New Hampshire achievable savings scenarios for industrial process measures, 2023

90 32% increase 38% increase
from low

from low

80
70
60
50
40
30

20

Lifeimte MMBtu (thousands)

10

Low Mid Maximum

Source: DNV analysis of 2021-2023 New Hampshire Potential Study results

22! Opinion Dynamics, Connecticut C1901 Commercial and Industrial Energy Efficiency Programs (non-SBEA) Process Evaluation. 2021.

22 NYSERDA, Flexible Technical Assistance Program, 2023, https://www.nyserda.ny.gov/All-Programs/FlexTech-Program.

223 Dunsky. New Hampshire Potential Study, Statewide Assessment of Energy Efficiency and Active Demand Opportunities, 2021-2023. 2020.
https://www.puc.nh.gov/Electric/Monitoring%20and%20Evaluation%20Reports/20201016-NHSaves-Potential %20Study-Final %20Report-Volume %201.pdf

224 1t is important to note that the study did not include primary research to enumerate and quantify market barriers in New Hampshire. Rather, the study used generalized
assumptions of market barrier levels that define maximum adoption rates for each measure based on market research and professional experience. New Hampshire-
specific primary research would be needed to ground-truth these model results.
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6 CONCLUSIONS AND CONSIDERATIONS FOR NEW HAMPSHIRE

The primary objectives of this review were to (1) identify and enumerate the market barriers addressed by the NHSaves
programs, (2) assess the extent to which selected energy efficiency programs such as those in New Hampshire have
overcome such barriers, and (3) identify how New Hampshire’s programs could continue to do so going forward. Key
takeaways from this review are as follows.

Market barriers addressed by the NHSaves programs

Market barriers incorporate a broad and diverse set of obstacles to energy efficiency adoption that vary across customers,
technologies, and other dimensions. As stated in the foundational literature, “there is no single market for energy services;
instead, the “market” consists of hundreds of end uses, thousands of intermediaries, and millions of consumers. As a

result, ...these issues must be addressed in a highly disaggregate fashion, considering the workings of individual
markets.”??5 The NHSaves programs cover the full spectrum of technologies and customer types, and as such, the programs
confront a broad range of barriers. By the same token, they face a wealth of potential savings opportunities from
circumventing or eliminating those barriers.

Some barriers, such as physical health and safety barriers to weatherization projects, are unique to specific measures and
markets covered in our case studies. Other barriers, such as financial barriers, appear in different forms across most
markets, and programs consistently offer interventions—i.e., incentives—targeted to the specific customers and market
actors involved. Predominant across nearly all markets are overarching barriers related to workforce. Workforce barriers are
driven by economy-wide labor supply and demand dynamics, which reach beyond the purview of the NHSaves programs
and beyond the geographic boundaries of New Hampshire.

Progress in overcoming barriers and transforming markets

In this diverse landscape of barriers, programs including those in New Hampshire have found ways to intervene and
circumvent barriers, though there were few areas we reviewed where barriers had been fully eliminated. A key question
facing program administrators, stakeholders, and regulators is as follows: in what areas have market barriers been
eliminated, if not market-wide, then for a large enough share of customers and market actors whereby program intervention
is no longer justified? To definitively answer this question, it is important to have multiple sources of evidence pointing
toward the same conclusion.

Drawing on secondary research, we found that programs vary in the extent to which they have circumvented or eliminated
barriers. For retail lighting, it is clear from a preponderance of evidence that programs have helped eliminate market barriers,
and program interventions are no longer needed in most cases—and the NH Utilities are discontinuing their offerings in
response to this market transformation. However, the other NHSaves programs and offerings covered in our case studies all
still face a range of barriers and savings opportunities that justify continued program intervention, with weatherization and
C&l lighting controls presenting the greatest opportunities in New Hampshire. In addition, given the ever-changing market for
energy efficiency and the continual progress of technological advancement, newer, more efficient technologies are always
arising which often face a new set of financial, informational, behavioral and other barriers. These advances present
opportunities for program intervention even as other opportunities diminish due to market transformation.

Considerations for program interventions in evolving markets

There are clear and significant remaining opportunities for program savings across the markets covered in our case studies.
The scope and depth of our analysis does not allow for definitive conclusions about targeting and design of NHSaves
program interventions, nor how programs should prioritize resources across programs or among the different types of
interventions (e.g., financial, informational, training, etc.). Ultimately barriers are best understood, circumvented, and

2% Eto and Golove, Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for Public Policies to Promote Energy Efficiency, 1996.
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eliminated through direct interactions between programs, market actors, and the customers they serve. The first-hand
knowledge of program implementers and trade allies is critical in this process. As a complement to this expertise, research
can provide insights reflecting a broader view, through methods such as surveys, focus groups, or market data analysis.

6.2 Further research

Due to the scope and timeline of the Commission’s requests, the team’s case study approach could not comprehensively
address all areas of inquiry on market barriers—particularly those such as quantifying end-user costs of addressing barriers
and directly quantifying the extent to which New Hampshire programs have removed them. As part of this review, we
identified gaps where primary New Hampshire-based research such as customer surveys, market actor interviews, sales
data analysis, or other methods would allow for a fuller assessment of the Commission’s questions, as shown in Table 6-1.
New Hampshire may consider pursuing such research, while weighing the tradeoffs between its costs, rigor, and value to
the NHSaves programs and customers in understanding and overcoming barriers.

Table 6-1. Information to support further assessment of barriers and refinement of program interventions

Case Study Topic Information gaps

Due to high levels of market share and limited remaining savings opportunity,

e Bl additional research is not recommended for retail lighting

Primary research on:

e upfront weatherization costs residents are willing to incur, by customer class
Residential weatherization and measure type, and single family vs. multifamily
e workforce capacity, knowledge, and skills gaps
coordination of program offerings and other funding sources to address health
and safety barriers

Primary research on:

e homebuyer awareness of and preferences for energy efficient homes, and
developer perception of market demand for energy efficiency

e incremental costs of energy efficient construction
ENERGY STAR®Homes attribution (NTG) and market penetration

Residential new construction

Primary research on:

e workforce capacity, knowledge, and skills gaps regarding controls

e contractor and customer research on barriers and opportunities for integration
of controls into LED retrofit projects

e customer research on awareness and perception of controls technologies and
persistence of savings

C&l lighting controls

Primary research on:

Industrial process ¢ Industrial stock in New Hampshire

e Customer research on internal and external financing processes and sources
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APPENDIXA.  MARKET BARRIERS CLASSIFICATION

Table 6-2 provides a categorized list of barriers as identified in the foundational literature, alongside the barriers cited in the
NHSaves 2022—-2023 plan.
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Table 6-2. Market barriers as classified in foundational literature

Barrier

Category

NHSaves 2022-2023
Plan

LBNL and National
Association of
Regulatory
Commissioners (1988)

Eto, Prahl, and Schlegel (1996)

Sorrell, S., O’Malley, E.,
Schleich, J., and Scott, S.
(2004)

Jaffe, Newell, and Stavins (2004)

Bagaini, Colelli,
Croci, Molteni
(2020)

Gillingham, Newell,
and Palmer (2009)

Incremental price
difference between

Limited access to
financing and protection
from financial risk:
energy users face
limited access to
financing or are
unwilling to sink scarce
cash or credit into
investments with multi-
year payback.

Access to Financing: the difficulties
associated with the lending industry’s historic
inability to account for the unique features of
loans for energy savings products (i.e., that
future reductions in utility bills increase the
borrower’s ability to repay a loan) in
underwriting procedures.

Access to Capital: (1) an
overall limitation on access
to capital for the
organization; or (2) restricted
access to capital for energy
efficiency within internal
capital budgeting procedures

Hidden Costs: Unexpected costs associated

Hidden Costs: The costs of
production disruptions,

Hidden costs: costs of adoption
that are not included in simple
cost-effectiveness calculations - for

Socio-economic
status of building
users; lack of funds,
high capital costs
and financial risk;

Capital liquidity
constraints that hinder
access to financing for
energy-efficient
investments and cause
some purchasers of

high-efficiency
equipment/quality
installation.

» how and when to
reduce demand during
system peaks.

assess and verify
vendor claims, find
qualified contractors,
and judge equipment
uncertainties.

costs, in that acquiring the information needed
to evaluate claims regarding future
performance is rarely costless.

Asymmetric Information and Opportunism:
The tendency of sellers of energy-efficient
products or services to have more and better
information about their offerings than do
consumers, which, combined with potential
incentives to mislead, can lead to sub-optimal
purchasing behavior.

Credibility and Trust: lack of
confidence that advice
received on pursuing energy
efficiency is trustworthy and
credible

landlord and the buyer or tenant
can lead to less energy-efficient
equipment or improvements.

Lack of trusted
information and
experience

Financial standard and high with reliance on or operation of energy- hassle, and inconvenience; example, learning about reliable limited payback equipment to choose
efficiency goods and efficient products or services - for example, identifying opportunities, suppliers, qualitative attributes of expectations / the less energy-efficient
services Irreducible but hidden extra operating and maintenance costs analysing cost-effectiveness, new equipment seeming less investment horizons: product owing to lack of

indirect costs: hidden and tendering; staff desirable building stock | access to credit,
costs not sufficiently replacement, refirement, characstleristics resulting in
captured by the price of Hassle or Transaction Costs: The indirect aggioré;gfg ;%;pgfss'ble ;22%’;1 ;?f?glrgsz;, n
efficiency investments, costs of acquiring EE, including the time, 2 Ui ?nent' difficulty and
such as technical risks. materials and labor involved in obtaining or cgst%f obt;aining in?ormation
contracting for an energy-efficient product or on the energy consumption
service. (Distinct from search costs in that it of purchased equipment;
refers to once a product has been located.) and lack of time and the
existence of other priorities.
Information or Search Costs: The costs of Inr?ape:gf :)Ln;?,;r:r?gfn ér']:grms
identifying energy-efficient products or effigienc e orgy
services or of learning about energy-efficient ¥ opp Lack of awareness Lack of information and
may not know how to get
Lack of customer practices, including the value of time spent Tt P 6F of savings potential asymmetric information
awareness related to: el Aot itom G finding out about or locating a product or i Sp—— ! - itsel?is that cause consumers
* benefits of energy 9 ; . service or hiring someone else to do so. limited 9y to systematically
efficiency apsachon Cos.ts' Costs = T Imited. Incomplete or Inadequate underinvest in energy
5 : o of research to find out Performance Uncertainties: The difficulties L o
« existence of high- o : . : Information: The lack of efficiency because they
" : about the availability of consumers face in evaluating claims about 5 ; L N
efficiency alternatives. e . . N information or communication lack sufficient
. efficient technologies, to | future benefits. Closely related to high search Ny . N
Informational * where to purchase between a home builder or information about the

difference in future
operating costs
between more-efficient
and less-efficient goods
necessary to make
proper investment
decisions

Organizational

Split incentives: users
of buildings or
equipment are not
responsible for
purchasing energy
efficiency measures;
rather owners or
landlords are.

Misplaced or Split incentives: Cases in which
the incentives of an agent charged with
purchasing EE are not aligned with those of
the persons who would benefit from the
purchase

Split Incentives: occurs
when buildings or machinery
are leased rather than
owned, or when rapid job
rotation impedes
implementation because any
incentive to save energy is
diluted if the employee is not
in a place to see the
program through to the end.

Split incentive

Principal-agent or split-
incentive problem
describes a situation
where one party (the
agent), such as a
builder or landlord,
decides the level of
energy efficiency in a
building, while a second
party (the principal),
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Barrier
Category

DNV

NHSaves 2022-2023

Plan

LBNL and National
Association of
Regulatory

Commissioners (1988)

Eto, Prahl, and Schlegel (1996)

Sorrell, S., O’Malley, E.,
Schleich, J., and Scott, S.
(2004)

Jaffe, Newell, and Stavins (2004)

Bagaini, Colelli,
Croci, Molteni
(2020)

Gillingham, Newell,
and Palmer (2009)

Organization Practices or Customs:
Organizational behavior or systems of
practice that discourage or inhibit cost-
effective EE decisions, for example,
procurement rules that make it difficult to act
on EE decisions based on economic merit.

Principal-agent barriers:
Monitoring and control in
hierarchical organizations
that cause the principal to
specify strict investment
criteria for the agent to
follow, limiting energy
efficiency investments.

Values and organizational
culture: The values held by
key individuals in a company
are likely to influence that
company’s performance.

such as the purchaser
or tenant, pays the
energy billss

Insufficient retailer
stocking: Midstream
(retailers/ distributors)
fail to stock high-
efficiency products

Building trades lack
sufficient cadre of

Product or Service Unavailability: The failure
of manufacturers, distributors or vendors to
make a product or service available in a given
area or market. May result from collusion,
bounded rationality, or supply constraints.

Heterogeneity: Off-the-rack
technology might not always
be suitable. This operates as

Adoption and Innovation
Externalities: A firm that develops
or implements a new technology
typically creates benefits for
others, and hence has an
inadequate incentive to increase

R&D spillovers may
lead to underinvestment
in energy-efficient
technology innovation
owing to the public
good nature of

Supply and frained personnel Inseparability/of, Product Features: The a barrier if energy efficiency those benefits by investing in Training and skills of | knowledge, whereby
provision rom—— ’ difficulties in acquiring desirable E.E S — measures that are generally technology. A successful innovator professionals individual firms are
f g ) - . . suitable in most firms in a will capture some rewards, but unable to capture the
OSSO I produp_ts without a_Iso acquiring (and paying sector are not suitable in those rewards will always be only a full benefits from their
commltment to_hlgh- for) additional undesired features that certain specific firms. fraction—and sometimes a very innovation efforts, which
efficiency practices, increase the total cost of the product beyond S S ng—— instead accrue partly to
both for existing what the consumer is willing to pay benefits to society of the S ——
burdingjrenovations innovation consumers
and new construction |
. . . Lack of interest and L .
) _Boqued Ratl_onallty. Tht_a !:)ehawo_r of an Risk: perceived risks that undervaluing energy Systematic bla_sgs in
Non-economic individual during the decision-making process make for more cautious efficiency benefits consumer decision
consumer rationality: that either seems or actually is inconsistent behaviour and could delay or social group ’ making that may be
energy users influenced | with the individual’s goals reduce investment in nonY interactions relevant to decisions
B . by factors such as ———— — - . ! regarding investment in
ehavioral appearance, public or Irreversibility: The difficulty of reversing a gssentlal measures. This energy efficiency
peer opinion’s and purchase decision in light of new information includes technical risk that Customs. habits including propse(;t
personal obligiation or “‘at.”.‘?y become available, whicr] may deter the technol_ogy would b_e and beha;vioral ' theory; bounded
habit the initial purchase, for example, if energy fgund wanting, and bqsmess aspects rationa;lity' and heuristic
: prices decline, one cannot resell insulation risk or market uncertainty. decision—rﬁaking
that has been blown into a wall.
Environmental Externalities: the
potentially harmful consequences
Externalities: Costs that are associated with & eponomic activit_ies G i . EnergyiMarkeiiices
transactionsl but which are not reflected in the enV|ronrp§nt constltgte Laqk Of. Shecilig faced by consumers in
price paid in‘the i externalities, which if not fully legislation electricity markets may
. addressed by policy, resultin a not reflect marginal
level of energy efficiency that is social costs due to the
likely too low. common use of
Public Policy Average-Cost Pricing: The average-cost pricing

Non-externality Pricing: Factors other than
externalities that move prices away from
marginal cost. An example arises when utility
commodity prices are set using ratemaking
practices based on average (rather than
marginal) costs.

incremental costs of increasing
electricity supplies are sometimes
significantly greater than the
average costs of existing electrical
capacity, suggesting that
consumers face inadequate
incentives to conserve electricity,
e.g., during peak demand periods.

Complex/inadequate
regulatory
procedures

under utility regulation.
Average-cost pricing
could lead to under- or
overuse of electricity
relative to the economic
optimum.
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APPENDIX B.  LITERATURE REVIEW SOURCES

Foundational literature

The following sources were reviewed to provide a basis for defining barriers and enumerating those identified in literature.
These sources also identified the standard types of program interventions and the metrics programs have used to measure
their success in overcoming barriers.

e Austin, David, Congressional Budget Office. Addressing Market Barriers to Energy Efficiency in Buildings, August 2012.

e Bagaini, Annamaria, Francesco Colelli, Edoardo Croci, Tania Molteni. “Assessing the relevance of barriers to energy
efficiency implementation in the building and transport sectors in eight European countries,” The Electricity Journal,
Volume 33, Issue 8, 2020, https://doi.org/10.1016/].te].2020.106820.

e Davis, Beth, Jan Harris, and Dan Violette. REGULATORY SPOTLIGHT: Estimating Energy Savings From Resource
Acquisition and Market Transformation Programs, February 2019. https://quidehouse.com/-

/media/www/site/downloads/energy/2019/market-transformation-summit-requlatory-spotlight.pdf.

e Eto, Joseph H., Ralph Prahl, Jeff Schlegel. A Scoping Study on Energy-Efficiency Market Transformation by California
Utility DSM Programs, July 1996. https://eta.lbl.gov/publications/scoping-study-energy-efficiency.

e Fuijita, K. Sydny, Lawrence Berkeley National Laboratory. Market and behavioral barriers to energy efficiency: A
preliminary evaluation of the case for tariff financing in California, June 2011.

e Fuller, Merrian. Enabling Investments in Energy Efficiency: A study of energy efficiency programs that reduce first-cost
barriers in the residential sector. 2009.

e Gillingham, Kenneth, Richard Newell, and Karen Palmer. “Energy Efficiency Economics and Policy.” Resources for the
Future. 2009.

e Golove, William H. and Joseph H. Eto. Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for
Public Policies to Promote Energy Efficiency, March 1996. https://www.osti.gov/biblio/270751.

e Howarth, Richard B. and Bo Andersson. “Market barriers to energy efficiency,” Energy Economics, Volume 15, Issue 4,
1993, https://doi.org/10.1016/0140-9883(93)90016-K .

e International Energy Agency. Promoting Energy Efficiency Investments: Case Studies in the Residential Sector, OECD
Publishing, Paris, 2008. https://doi.org/10.1787/9789264042155-en

e Jaffe, Adam B., Brandeis University and National Bureau of Economic Research; Richard G. Newell, Resources for the
Future; Robert N. Stavins, Harvard University. Economics of Energy Efficiency, Encyclopedia of Energy, Volume 2.
2004.

e Lawrence Berkeley National Laboratory and National Association of Regulatory Commissioners. Least-Cost Ultility
Planning Handbook for Public Utility Commissioners, Volume 2, the Demand Side: Conceptual and Methodological
Issues, December 1988.

e Sorrell, S., O'Malley, E., Schleich, J., and Scott, S. The economics of energy efficiency - Barriers to cost-effective
investment, 2004.

e Ungar, Lowell, Rodney Sobin, Neal Humphrey, Tom Simchak, Nancy Gonzalez, and Francesca Wabhl, Alliance to Save
Energy. Guiding the Invisible Hand: Policies to Address Market Barriers to Energy Efficiency, ACEEE Summer Study
2012.
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Vaidyanathan, Shruti, Steven Nadel, Jennifer Amann, Casey J. Bell, Anna Chittum, Kate Farley, Sara Hayes, Michelle
Vigen, and Rachel Young. Overcoming Market Barriers and Using Market Forces to Advance Energy Efficiency, March
2013. https://www.aceee.org/sites/default/files/publications/researchreports/e136.pdf.

Van Buskirk, Robert. Estimating Energy Efficiency Technology Adoption Curve Elasticity with Respect to Government
and Utility Deployment Program Indicators, December 2013. https://www.osti.gov/biblio/1164376.

Case study literature

The following sources were reviewed to synthesize quantitative and qualitative findings on (1) market and customer barriers,

(2) program interventions, and (3) trends such as market share and net-to-gross (NTG) results for the measure and program

types relevant to each case study.

Retail lighting

DNV. Final Draft Report of Massachusetts LED Market Effects: Baseline Characterization Massachusetts Program
Administrators and Energy Efficiency Advisory Council Report No.: Final Draft Date: March 1, 2015.

DNV. FREE-RIDERSHIP AND SPILLOVER EVALUATION Residential and Commercial Portfolio Report SUBMITTED
TO: National Grid New York. Date: December 20, 2022.

ltron. NEW HAMPSHIRE RESIDENTIAL BASELINE STUDY Submitted to: New Hampshire Evaluation, Measurement
and Verification Working Group Prepared by Itron, June 11, 2020.

Kelly & Rosenberg, DNV. Some Light Reading: Understanding Trends Residential CFL and LED Adoption, 2016
ACEEE Summer Study on Energy Efficiency in Buildings.

NMR Group, Inc. New Hampshire Lighting Supplier Insights FINAL August 14, 2020 SUBMITTED TO: New Hampshire
Program Administrators.

NMR. R1615 Light Emitting Diode (LED) Net-to- Gross Evaluation FINAL REPORT FOR CONNECTICUT EEB August
7,2017.

NMR. R1963 Short-Term Residential Lighting Report FINAL September 11, 2020 SUBMITTED TO: Connecticut Energy
Efficiency Board.

SCS ANALYTICS. R1963b SHORT TERM RESIDENTIAL LIGHTING REPORT FINAL Prepared for: The CT EEB
Evaluation Administration Team, October 29, 2020.

Residential Weatherization

Opinion Dynamics. New Hampshire Utilities Home Performance with ENERGY STAR Program Evaluation Report 2016-
2017 — FINAL, June 11, 2020.

Opinion Dynamics. New Hampshire Utilities Home Energy Assistance Program Evaluation Report 2016-2017 — FINAL,
July 29, 2020.

NYSERDA, Comfort Home: Getting NY Homes Heat Pump Ready with Standardized Envelope Packages, July 29,
2020.

NMR. R1983 NTG FINAL TOPIC MEMORANDUM Re: R1983 Savings-Weighted NTG Results — Final Results &
Recommendations. July 1, 2022.

[Confidential Northeast client]. Understanding the Opportunity for Residential Weatherization, January 27, 2021.
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National Coalition to End Childhood Lead Poisoning. Identified Barriers and Opportunities to Make Housing Green and
Healthy Through Weatherization: A Report from Green and Healthy Homes Initiative Sites, October 2010.

Residential New Construction

ERS. 2017. New Hampshire ENERGY STAR Homes Program Impact Evaluation (2014—2015).

International Code Council. 2023. ICC Code Development Process.

International Energy Conservation Code (IECC) Adoptions. 2023. IECC Adoption.

NMR Group, Inc. 2017. R1602 Residential New Construction Program Baseline Studly.

NMR Group, Inc. 2017. R1602 Residential New Construction Program — Process Evaluation.

NMR Group, Inc. 2018. R1702/R1710 Codes and Standards Assessment.

NMR Group, Inc. 2018. R1707 Net-to-Gross Study (NTG) of Connecticut Residential New Construction.

Port, Darren, Krim, Andrea, and Wu, Cornelia. 2023. Code Adoption. Northeast Energy Efficiency Partnerships.

Stern, Ari, and Tyler, Zack. 2022. Connecticut R1968 RNC Baseline & Code Compliance Study Design Presentation.
NMR Group, Inc.

Eto, Joseph, Prahl, Ralph, and Schlegel, Jeff. 1996. A Scoping Study on Energy-Efficiency Market Transformation by
California Utility DSM Programs. LBNL.

Golove, William, and Eto, Joseph. 1996. Market Barriers to Energy Efficiency: A Critical Reappraisal of the Rationale for
Public Policies to Promote Energy Efficiency. LBNL.

C&l Lighting Controls

DNV. 2020 C&l Lighting Controls Market Study. Prepared for the Massachusetts Program Administrators and Energy
Efficiency Advisory Council. June 30, 2021.

Energy Solutions. Energy Savings from Networked Lighting Control (NLC) Systems with and without LLLC. Prepared for
Northwest Energy Efficiency Alliance and DesignLights Consortium. September 24, 2020.

Dunsky. New Hampshire Potential Study: Statewide Assessment of Energy Efficiency and Active Demand
Opportunities, 2021-2023. Prepared for the New Hampshire Evaluation, Measurement and Verification Working Group.
October 16, 2020.

DNV. CTX1931-4 ALC PSD Phase 1 Memo: Summary of Literature Review and Recommendations. Prepared for the
CT EEB Evaluation Administration Team. July 22, 2021.

DNV. CTX1931-4 ALC PSD Phase 2 Memo: Recommendations for ALC Measure Parameters. Prepared for the CT
EEB Evaluation Administration Team. June 6, 2022.

Industrial Process Measures

U.S. Department of Energy. 2015. “Barriers to Industrial Energy Efficiency.” Barriers to Industrial Energy Efficiency -
Report to Congress, June 2015 | Department of Energy

Energize Connecticut. 2021. “C1901 Commercial and Industrial Energy Efficiency Programs (non-SBEA) Process
Evaluation.”
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e California Public Utilities Commission. 2021. “Industrial/Agricultural Maret Saturation Study 2021 Potential and Goals
Study.” 2021 Potential and Goals Study (ca.gov)

e New York State Energy Research & Development. 2017. “NYSERDA Continuous Energy Improvement Evaluation.”

e New York State Energy Research & Development. 2019. “NYSERDA Continuous Energy Improvement Evaluation.”
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