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Abstract 
States and utilities increasingly rely on energy eff iciency programs to address climate change mitigation goals. This 
report assesses tw o types of such energy eff iciency programs: behavioral programs that offer savings for a relatively 
short time, and structural retrofit programs that offer savings over longer periods. We find that behavioral energy 
eff iciency programs can reduce the same amount of damages from carbon emissions as structural retrofit programs, but 
in less time and at low er cost. We also show  that behavioral programs can further boost savings from structural 
programs. In light of the scientif ic evidence pointing to the need to achieve rapid reductions in greenhouse gas 
emissions, public utility commissions should continue to encourage utilities to make behavioral programs a key pillar in 
their energy eff iciency program portfolio. 
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I. Executive summary 

A. Background and Purpose  

Energy efficiency (EE) investments reduce consumption and peak demand, saving consumers money and 
avoiding or delaying the need for utility investment in system infrastructure. In recent years, however, states have 
increasingly recognized EE as the likely lowest-cost tool for achieving greenhouse gas (GHG) emission reductions.  
In light of the growing evidence of the importance of achieving near-term GHG reductions, states have evolved 
from treating EE as purely a cost-savings device to deploying EE as a primary instrument for achieving broader 
state energy and climate policy goals. 

Historically, EE programs have included incentives for the installation of energy efficient measures such as 
upgrades to insulation, lighting, appliances, and heating, ventilation and air conditioning (HVAC) equipment for 
new and existing buildings. As programs have evolved, states and utilities have designed more comprehensive 
programs - referred to in this report as structural energy efficiency (SEE) programs - that target the installation or 
retrofit of multiple measures (often starting with an energy audit), such as HVAC and building shell measures that 
can generate savings for up to 30 years. 

In the past decade, behavioral energy efficiency (BEE) programs have emerged as an additional element in utility 
EE portfolios.  BEE programs typically generate savings over a shorter time frame than SEE programs, but 
achieve savings more quickly, and across a broader cross section of a utility’s customer base.  BEE programs aim 
to change customer behavior by providing critical information to consumers on energy use, using time-tested 
behavioral economic approaches such as social norming.  BEE programs encourage customers to reduce and 
control their electricity and natural gas consumption, take advantage of resources and incentives for changing 
home energy equipment and practices, and participate in utility SEE programs.   

More recently, some states have increased their emphasis on SEE programs relative to BEE programs.  In this 
report, we demonstrate that policy decisions that limit the scope and scale of BEE will lead to suboptimal climate 
outcomes.  Specifically, we find that relative to SEE programs, BEE 
programs can achieve the same levels of reductions in GHG and 
damages from climate change faster, and at roughly one fifth the cost of 
SEE programs. This is driven by the fact that energy saved today affords 
more climate value than energy saved in the future.  Much like receiving 
$100 today is worth more than $100 in the future, avoiding a ton of GHG 
emissions today - and thus reaping those benefits starting now - renders 
more economic value than avoiding that ton five or ten years from now.  
Moreover, because in many regions electricity generation continues to 
shift toward less carbon intensive fuels, reducing electricity usage today 
avoids more GHG emissions than reducing the same amount in the 
future.  Importantly, near-term reductions in GHGs also reduce the risk 

the “climate value” of EE 
programs depends not 
only on how much EE 
measures reduce GHGs, 
but also on when those 
reductions occur  
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that the climate system will cross dangerous thresholds, or “tipping points.”1  For all these reasons, the climate 
value of EE programs depends not only on how much EE measures reduce GHGs, but also on when those 
reductions occur. 

This analysis provides a critical assessment of the climate value of BEE and SEE programs, taking into account 
the time value of achieving savings (and associated GHG emission reductions) sooner rather than later. We 
consider the level of savings achieved by SEE and BEE programs, the cost of each program, how soon each 
program type achieves those savings, and how these elements together drive the resulting GHG emission 
reduction benefits and avoided damages from climate change.  In particular, we: 

1. Identify electric utility SEE and BEE programs across a diverse set of states;2 
2. Collect data from program planning documents, which reflect the most recent estimates of the 

programs’ savings, costs, measure lives, and number of participants; 
3. Compare the programs based on energy savings, CO2 emission reductions, damages due to climate 

change that are avoided due to the programs, the cost of CO2 emission abatement, and the 
comprehensiveness of customers’ access to the programs; and   

4. Synthesize the results and develop policy recommendations relevant to the ongoing design and 
review of utility EE programs. 
 

For several reasons we focus our analysis in this report on electric energy efficiency programs. First, energy 
reduction mandates are far greater for electric utilities than gas utilities. Second, we recognize that electrification 
as a tool for decarbonization is currently a significant focus of stakeholder and policy makers in the energy 
industry. While the carbon intensity of electricity generation has declined in many regions, the electric sector 
remains a primary source of GHG emissions, and growth in demand due to electrification may ensure this 
continues to be true for decades to come or more.3 Thus, given the relative level of investment in electric energy 
efficiency programs, the importance of achieving near-term savings, and the rapid changes underway in the 
electric sector, we focus on electricity in our analysis. 

Table ES-1 summarizes the states, companies and the SEE programs we evaluated, and the timing of their 
planning/administration cycles used in our analysis.  In each case, we compare these SEE programs against BEE 

 
                                                             

1 The scientif ic community  has emphasized the degree of  urgency  around achiev ing meaningf ul lev els of  GHG emission reductions as soon and 
as f ast as possible, and in particular achiev ing substantial progress within the next ten y ears.  As noted in the IPCC 2018 Summary  f or 
Policy makers (IPCC 2018), reasonable pathway s to achiev ing required lev els of  GHG reductions can only  occur if  global CO2 emissions start to 
decline well bef ore 2030.  See Section III.A. 
2 We rev iew these two classes of  residential EE programs - SEE and BEE - in order to hav e a clear picture into how dif f erences in EE deliv ery  
mechanisms can af f ect their v alue f rom a climate perspectiv e.  SEE and BEE programs are both commonly  included in utility ’s EE portf olios 
across many  states, and they  v ary  in their approach to generating sav ings, their measures, and their scope and deliv ery  mechanism. SEE 
programs ty pically  inv olve an energy  audit and some mix of  dif f erent building shell upgrades, appliances, lighting, rebates, etc., and include some 
EE measures that tend to be long-liv ed (i.e., they  hav e long measure liv es).  BEE programs f ocus on changing consumers’ daily  decisions on 
energy  use and energy  equipment purchases, and tend to be assigned shorter measure liv es. The BEE programs include primarily  paper and 
digital Home Energy  Reports (HER), but also in some states incorporate additional elements, such as high bill alerts and home energy  audits. 
3 The GHG emission intensity  of  electricity generation (in tons per megawatt-hour (MWh) generated) hav e declined in some regions, and are 
expected to continue to decline as states’ power sector decarbonization ef f orts take hold.  Nev ertheless, growth in electrif ication may  increase 
electric sector emissions ev en while the GHG emission intensity  of  electricity generation declines.  Either way , electricity  generation remains a 
primary  source of  GHG emissions in the U.S., at approximately  1.6 billion metric tons in 2019, a close second to the transportation sector at 1.9 
billion metric tons.  See U.S. Energy  Inf ormation Administration, What are U.S. energy-related carbon dioxide emissions by source and sector? 
Updated May  26, 2020, https://www.eia.gov /tools/f aqs/faq.php?id=75&t=11. 
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programs within the same planning cycle implemented by the same utility. The analytic method and results are 
presented in detail in Sections IV and V, and Appendices 1 and 2. 

Table ES - 1: States’ Structural Energy Efficiency programs target building HVAC and weatherization measures or take a 
whole-home approach. 

 

  

State Energy Efficiency Programs that Represent Structural Energy Efficiency

State Utility
Structural EE 

Program Description Program Years

IL
Commonwealth 
Edison

Residential HVAC 
and Weatherization

The program provides incentives for the purchase 
and installation of high efficiency residential 
measures, in particular HVAC appliances and 
weatherization measures.

2018-2021

MD
Baltimore Gas and 
Electric

Home Performance 
with ENERGY STAR

The program offers residential customers (owners 
and renters) a comprehensive whole-home energy 
audit, and the option of a "home performance job," 
in which customers receive incentives to implement 
audit recommendations.

2018-2020

MA National Grid
Residential 
Coordinated 
Delivery

Applicable to both single- and multi-family buildings, 
the program offers in-home and online assessments 
and "helps customers acquire comprehensive
home energy efficiency upgrades, with a focus on 
weatherization and heating and cooling systems."

2019-2021

NY - -
New York IOUs do not administer a 
comprehensive SEE program.

-

Sources:
[1] Commonwealth Edison Company’s 2018 – 2021 Energy Efficiency and Demand Response Plan.
[2] Baltimore Gas and Electric Company (BGE) 2018-2020 EmPOWER MD Program Filing (Case No. 9154).
[3] Massachusetts Joint Statewide Electric and Gas Three-Year Energy Efficiency Plan 2019–2021.
[4] New York Clean Energy Dashboard (https://rev.ny.gov/cleanenergydashboard).

Note: The representative Structural Energy Efficiency program for each state was chosen as being the single most comprehensive whole-
home retrofit program that the selected utility has to offer.
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B. Findings and Recommendations 

Findings 

Based on our analysis, we find that for EE programs the greatest benefit from the standpoint of reducing GHG 
emissions and minimizing climate change damages flows from aggressive and coordinated implementation of both 
SEE and BEE in the utility’s EE portfolio.  Our analysis shows that BEE programs (1) achieve GHG emission 
reductions faster than SEE programs, and at a fraction of the cost, (2) can reach a broader segment of a utility’s 
service population due to the opt-out program design that capitalizes on all customers’ abilities to take energy 
saving actions, and (3) can accelerate and deepen participation in SEE programs, further increasing SEE’s 
contribution to meeting state climate goals.  Below, we discuss these and other key takeaways based on our 
analysis. 

Behavioral programs can achieve GHG emission reductions faster than SEE programs, and at a fraction of 
the cost.  BEE programs can generate the same GHG emission 
reductions year after year as long as the programs continue to be 
administered. This enables BEE programs to accrue the same total 
avoided CO2 emissions and avoided climate damages at a faster 
rate than SEE programs.  We illustrate this in Figure ES-1, which 
shows that the National Grid BEE program, if run for an additional 
three years (for a total of 6 years), would achieve the cumulative 
avoided damages that result from the SEE program savings 
accruing more slowly over almost twenty years.  Thus there is an 
increased climate value stemming from the ability of BEE programs to achieve CO2 emission reductions in the 
near term, as opposed to accumulating them more slowly over a longer time period. 

Furthermore, BEE programs can achieve these benefits at far lower costs. As shown in in Figure ES-2, across all 
states and programs we assessed, BEE programs avoid climate damages at a substantially lower cost than SEE 
programs. 

BEE programs achieve GHG 
emission reductions faster than 
SEE programs, and at a fraction 
of the cost  
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Figure ES-1: National Grid’s BEE program could achieve the same aggregate climate change benefits as its SEE 
program in less time. 

  

Figure ES-2: BEE programs can be more cost-effective than SEE programs in reducing damages due to CO2 emissions. 
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Timing matters - taking steps to achieve GHG emission reductions sooner and faster is increasing in 
importance.  The timing of achieving reductions in GHG matters.  All else equal, a ton of CO2 avoided today has 
greater value than one avoided three or five years from now.  Early reductions increase the likelihood that states 
will remain on track to meet targets, and the sooner reductions are achieved, the sooner we avoid the damages 
associated with those emissions.  Achieving reductions sooner rather than later reduces risks that GHG reduction 
targets will not be met; likely reduces the cost of meeting those targets; and reduces the risk that society will reach 
a tipping point beyond which dangerous climate feedbacks are triggered.  As the time available to reach emission 
or average global warming targets gets smaller, the importance of achieving substantial GHG emission reductions 
as soon as feasible grows in importance and value.   

Moreover, electrification of the transportation and building sectors - 
increasing the demand for electricity - is seen as a key near-term 
strategy for states to make progress towards these targets.  Yet this will 
increase electricity demand, and this increased demand may be met in 
large part by an increase in output from fossil-fueled (and carbon-
emitting) power plants, for at least the next decade while states try to 
make incremental progress towards decarbonization of the electric 
system.  This means that electric EE savings now will result in greater 
reductions in GHGs than the same amount of energy saved in future 
years, when decarbonization efforts have reduced the emissions per 
megawatt hour of electricity produced. 

The GHG emission and climate value benefits of behavioral programs are related to program features that 
promote more equitable outcomes and provide other public policy benefits.  BEE programs are an opt-out 
program design, meaning customers receiving behavioral interventions such as home energy reports are 
automatically enrolled in the program and they have to take action to opt-out of the program. Opt-out rates are 
extremely low (well under 1 percent). This is a fundamentally different program design than SEE programs, which 
require a customer to choose to participate in the program and usually must take multiple actions to complete their 
participation in the program (e.g., choosing to participate based on a bill insert or mailing, selecting and scheduling 
a contractor, selecting and purchasing energy efficient equipment, etc.). The customer acquisition for SEE and 
other structural energy efficiency programs is generally high-cost and time consuming.4  These are the differences 
that lead to BEE achieving extremely high participation rates over a very short time period compared to SEE 
programs. In fact, as shown in Figure ES-3, BEE programs annually reach well over ten times as many customers 
as SEE programs.  

High participation rates of BEE versus SEE programs highlight BEE programs’ broad reach and inclusivity.  BEE 
programs reach all segments and demographics of a utility’s residential customer base and quickly provide 

 
                                                             

4 As noted in an LBL report, "...there is limited program experience with reliably  motiv ating large numbers of  Americans to inv est in 
comprehensiv e home energy  improv ements, especially  if  they are being asked to pay  f or a majority  of  the improv ement costs. Thus f ar programs 
hav e not succeeded in deliv ering these inv estments at a scale commensurate with either a) the energy  and climate challenges, or b) the potential 
f or sav ings in the residential sector that has been touted f or decades. See Lawrence Berkeley  National Laboratory , Driving Demand for Home 
Energy Improvements, September 2010, page 7. 

electrification magnifies the 
climate value of early 
reductions in power sector 
GHG emissions through 
near term energy savings 
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information and energy (and cost) saving opportunities to nearly all consumers.  Thus the benefits of utility EE 
funding are not reserved for a small portion of their customer base, and are not limited to certain classes of 
customers (such as those in single family homes, those that use air conditioning, or those that have large energy-
consuming devices or HVAC systems).  In particular, this means that BEE programs are likely to reach most low- 
and moderate-income (LMI) customers and provide immediate cost saving information and opportunities - a 
feature that is unique to BEE programs and relevant from equity, fairness, economic, and public policy 
perspectives.  Evidence from HER program evaluations in California and Pennsylvania,5 among other sources, 
has shown that BEE programs can achieve savings rates among LMI customers equivalent to savings rates 
achieved by higher income customers. 

Figure ES-3: BEE programs reach a substantially broader population than SEE programs. 

 

 
                                                             

5 In Calif ornia, the ev aluation of  PG&E’s HER program shows strong sav ings rates among low-income customers, designated by  the Calif ornia 
Alternate Rates f or Energy  (CARE) program. See Calif ornia Public Utilities Commission, Review and Validation of 2014 Pacific Gas and Electric 
Home Energy Reports Program Impacts (Final Report), April 2016, http://www.oracle.com/us/industries/utilities/v alidation-2014-pacif ic-gas-
3697543.pdf . In Pennsy lv ania, low-income and non-low-income customers sav e at the same rates. In some instances, low-income households 
sav e more. See Table 189 (p. 214) of  the Pennsy lv ania Public Utility  Commission, Phase III of Act 129 Program Year 9 (June 1, 2017 – May 31, 
2018) For Pennsylvania Act 129 of 2008 Energy Efficiency and Conservation Plan, Nov ember 2018, http://www.puc.pa.gov /pcdocs/1595521.pdf . 
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BEE and SEE programs complement each other, and work 
better together than in isolation. BEE programs can not only 
generate savings and emission reductions from BEE program 
participants, but also can encourage and accelerate participation in 
SEE programs, increasing and more quickly achieving reductions in 
GHG emissions from administration of those SEE programs. BEE 
programs can be implemented continuously over time, and can be 
tailored to enhance the effectiveness and reach of SEE program 
designs, which may grow in importance for an industry in transition.  
Because BEE programs are highly flexible, adaptable, and data 
driven, they can be tailored with messages and energy savings options that are effective with subgroups of 
customers, or that can help achieve specific utility initiatives that also are important to meeting state GHG emission 
reduction targets (such as targeting reductions to hours when system emissions are highest, promoting or 
providing information on the move to electric vehicles, informing customers about the ability to directly purchase 
low- or zero carbon electricity offerings, and providing information on and options for the installation of low-carbon 
distributed resource technologies (e.g., solar photovoltaic systems). Thus, our findings show that the choice 
between BEE and SEE is not a zero sum game, but rather BEE and SEE programs complement each other, 
working better together than in isolation. Figure ES-4 illustrates how joint and complementary implementation of 
BEE and SEE programs could accelerate and increase SEE savings, achieving greater and faster reductions in 
emissions of CO2.  

Figure ES-4: BEE programs can induce greater participation in SEE programs, leading to increased climate change 
benefits from SEE programs. 
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Recommendations 

Recommendation 1: Given the urgency of addressing climate change, regulators, utilities, and the energy 
efficiency industry should consider integrating GHG-focused metrics for evaluating the design, budgeting 
and performance of utility EE programs, such as (1) the ability to achieve near-term reductions in GHG 
emissions, and (2) the present value of reductions in damages due to climate change.  There are two related 
reasons why utilities and regulators must pay more direct attention to the GHG emission and climate change 
impacts of EE program designs.  One is the urgency to make meaningful progress towards reducing and 
eliminating the climate impacts of energy supply and use.  The other is to create momentum and maintain the 
feasibility of states actually meeting their progressive GHG emission reduction standards, many of which require 
reductions of 80 to 100 percent over just a few decades.  Comprehensive SEE programs, and EE measures with 
long effective useful lives, are an important component of utility EE programs and GHG reduction efforts.  
However, focusing only or mostly on programs and measures with long EULs fails to capture the higher value of 
near-term reductions in GHG emissions that can come from programs with shorter EULs, such as BEE programs. 

Recommendation 2: Regulators should adopt the following specific policy recommendations: 

Pursue All Cost-Effective Energy Efficiency.  

Pursuing all cost-effective energy efficiency provides utilities with flexibility to design and offer programs that will 
achieve maximum benefits for customers and do so in a way that achieves maximum GHG benefits. Several 
states invest in the maximum feasible amount of energy efficiency,6 and of these states five (MA, CA, RI, VT, CT) 
are in the top seven of states ranked as most efficient in the 2019 ACEEE Energy Efficiency State Scorecard.7  

Maintain Annual Energy Savings Targets. 

As is evidenced by the analysis in this report, energy savings targets must capture the time component of avoided 
GHG emissions. This is achieved in part through maintaining and strengthening annual energy savings targets. 
Pivoting to an emphasis on lifetime savings targets leads to designing programs and portfolios that fail to maximize 
near term GHG reductions, thereby undercutting what is becoming the most significant energy and environmental 
policy goal for administration of energy efficiency programs.  This emphasis puts climate goals at risk by spreading 
out the targeted energy savings and pushing associated GHG benefits further out into the future, when it will 
increasingly be too late to address the risks. 

Design Performance Incentives that Simultaneously Maximize Cost Effective Savings and GHG Benefits.  

Performance incentives are in important policy mechanism that align utility action toward a particular outcome. In 
their most basic form, energy efficiency performance incentives focus utilities on achieving particular metrics such 
as exceeding savings targets. Regulators should ensure that performance incentives do not undermine a utility’s 
ability to achieve or maximize GHG emissions reductions in the near term.  For example, as our analysis shows, 
 
                                                             

6 https://www.aceee.org/f iles/proceedings/2014/data/papers/8-377.pdf  
7 https://www.aceee.org/press/2019/10/50-state-scorecard-rev eals-states 

https://www.aceee.org/files/proceedings/2014/data/papers/8-377.pdf
https://www.aceee.org/press/2019/10/50-state-scorecard-reveals-states
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establishing performance incentives structured around a target effective useful life of the portfolio savings leads to 
over investment in programs that fail to maximize realization of the most cost-effective near-term GHG benefits.8 

Promote more aggressive joint design and administration of BEE and SEE programs.   

Our analysis demonstrates that BEE programs are highly effective at achieving near-term GHG emission 
reductions, and there are complementary emission reduction profiles across BEE and SEE programs.  Importantly, 
BEE programs can be tailored to not only generate savings and emission reductions from BEE program 
participants, but also to encourage and accelerate participation in SEE programs, increasing and more quickly 
achieving reductions in GHG emissions from administration of those SEE programs.  A strong focus on 
complementary administration of BEE and SEE programs will drive EE administration closer to helping states meet 
climate goals while realizing broader and deeper cost savings for consumers. 

 
C. Summary 

Our analysis shows that policy preferences for SEE programs with long measure lives coming at the expense of 
BEE programs lead to suboptimal results from a climate policy perspective. Simply put, early reductions in GHG 
emissions provide greater benefits than achieving those reductions later in time.  To the extent the evaluation of 
EE programs and measures fails to capture and quantify this “time value” of emission reductions, EE program 
portfolios will not be optimized to simultaneously save utilities and consumers money and support state climate 
policy efforts. 

Our results point to key features of BEE programs that drive their unique 
benefits from the perspective of climate change impacts.  These features 
include the ability to very quickly begin to accrue near-term savings (and 
GHG emission reductions); the ability to continuously administer such 
programs over time to achieve a constant savings rate; the ability to use 
data analytics to continuously update and personalize the message and 
the information provided on energy saving measures and practices; the 
ability to reach a broad and diverse set of consumers in a utility’s service 
territory, increasing the fairness and equity of EE program delivery; and the 
ability to capitalize on the fact that achieving a reduction in GHG emissions 
now has greater monetary and risk-reduction value than that same ton reduced one, five, or ten years from now. 

  

 
                                                             

8 Examples of  EE perf ormance incentiv es f ocused on ef f ective useful lif e may be f ound, f or example, in utility  program designs in Illinois and New 
York. 

a focus on only long 
measure life EE measures 
can lead to suboptimal 
results from a climate 
policy perspective  
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II. Introduction 
Longstanding interest in utility EE investment among states, utilities and stakeholders is rooted in utilities’ core 
obligation to provide reliable service for all customers at the lowest possible costs.  For decades energy efficiency 
has been viewed as an important component of regulated utility service in meeting this obligation.  EE investments 
reduce consumption and peak demand, saving consumers money and avoiding the need for utility investment in 
generation, transmission, and distribution system infrastructure.  Thus, the value of EE for utilities and consumers - 
and the rationale for allowing utility recovery of EE investments - has been measured through metrics with a 
primary focus on the monetary value of utility and consumer energy savings, and the avoidance of more expensive 
investments to meet customer demand. 

While achieving utility and ratepayer cost reductions will always be an important rationale for utility EE 
investments, in recent years attention on EE has increasingly focused on achieving state climate goals - that is, 
using EE as much as possible to help states reduce emissions of greenhouse gases and meet explicit statutory or 
regulatory GHG emission reduction targets.  When viewed through the lens of climate change policy, EE takes on 
a far greater role - it is not just another option to help lower GHG, it is typically the lowest-cost tool for achieving 
substantial reductions and making immediate and sustained progress towards state GHG reduction goals. Thus, in 
stepping out of the regulated utility context, EE becomes a primary instrument for achieving broader state energy 
and environmental policy goals and requirements. 

However, understanding the pivotal role EE can play in state climate policy is not the same as capturing that 
benefit in the regulatory review of utility EE programs and measures.  The purpose of this report and analysis is to 
consider how the landscape for investments in energy efficiency is changing (or should change) as states pursue 
aggressive measures to address climate change, and to evaluate current EE portfolio designs and policies in this 
context.  Specifically, we assess two types of EE programs – behavioral energy efficiency and structural energy 
efficiency - across several states with a focus on metrics that measure the effectiveness of EE programs in 
achieving reductions in GHG emissions. We rely on publicly available utility data filed with state regulatory 
commissions and consulted third party evaluations of the programs used in the analysis.   

There are a number of dimensions of the analysis that are particularly important in this context, when comparing 
different EE programs - for example, how effective are particular EE measures and programs in generating GHG 
emission reductions (and reducing the damages and risks associated with climate change) per dollar spent?  How 
quickly can EE programs ramp up and begin to realize GHG emission reductions?  How adaptable are they to 
enhancing the GHG emission reduction impact of other policies and programs to decarbonize energy supply and 
use?  Ultimately, we seek to identify EE programs that achieve GHG reductions sooner and faster than others, and 
that could be prioritized by states that want to use EE as a primary tool for meeting GHG emission reduction 
targets.   

Section III provides the rationale for viewing EE through the climate lens, by describing the time value of achieving 
reductions in emissions of greenhouse gases sooner rather than later, and why this matters in the context of state 
policies guiding investment in energy efficiency.  Section IV describes our analytic method, the states and utility 
programs we analyze, the performance metrics we use, and the data collected for the analysis.  Section V 
provides a summary of our results, along with our findings and recommendations based on the analysis.  
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III. The time value of reductions in GHG emissions 

A. Why it matters, and the unique value of energy efficiency  

In recent years, many states have begun to establish significant and progressive GHG emission reduction 
requirements that are directionally consistent with phasing GHGs out of energy supply and use by the middle of 
the century, across all sectors of the economy.  These actions reflect legislators’ and policymakers’ intent to make 
progress towards decarbonization at levels and a pace consistent with the intent of parties to the Paris Agreement, 
and with the growing realization that such reductions are needed to avoid exceeding a global average temperature 
increase of 2 degrees Celsius over pre-industrial levels.9   

This level is widely viewed as a threshold beyond which human civilization risks changes in the global climate with 
severe consequences for societies and economies, and where we are at increased risk of passing “tipping points.”  
Tipping points represent thresholds that, if exceeded, could lead to large and abrupt changes in the climate 
system, with potentially rapid and severe impacts on ecosystems, societies and economies.  An example of a 
tipping point is the collapse of the West Antarctica ice sheet, which could over a very short period of time raise sea 
levels by on the order of three meters, with disastrous impacts on all coastal regions.10 

The scientific community has concluded that industrialized countries must reduce emissions of GHGs by at least 
80 percent (relative to emissions in 1990) by 2050 in order to stay at or below 2 degrees of warming.11  Consistent 
with this, states that have acted have set laws and policy to achieve economy-wide GHG emission reductions that 
vary in both interim and ultimate reduction levels, with the most aggressive requiring reductions of 80 to 100 
percent by 2050.12  Increasingly, this is the glide path for decarbonization and the new framework in which to 
evaluate the emission reduction value of EE. 

The scientific community has also emphasized the degree of urgency around achieving deep reductions in GHG 
emissions as soon and as fast as possible, and in particular achieving substantial progress within the next ten 
years.  As noted in the IPCC 2018 Summary for Policymakers (IPCC 2018), pathways reflecting current nationally-
stated GHG emission targets would not limit global warming to 1.5°C, even if followed by aggressive increases in 
emissions reductions after 2030. IPCC 2018 further observes that “[a]voiding overshoot and reliance on future 

 
                                                             

9 See, e.g., State of  New York, Climate Leadership and Community Protection Act, Section 1. 
10 The IPCC notes: “Without additional mitigation ef f orts bey ond those in place today , and ev en with adaptation, warming by  the end of  the 21st 
century  will lead to high to v ery  high risk of  sev ere, widespread and irrev ersible impacts globally .”  Noting f urther,  "[r]isks associated with such 
tipping points are moderate between 0 and 1°C … [r]isks increase at a steepening rate under an additional warming of  1 to 2°C and become high 
abov e 3°C, due to the potential f or large and irrev ersible sea lev el rise f rom ice sheet loss.” IPCC Climate Change 2014 Sy nthesis Report (Fif th 
Assessment Report), 2014, pp. 17 and 88. 
11 "Without accelerated ef f orts to reduce greenhouse gas (GHG) emissions, [climate change] will transf orm the world in which society  has 
ev olv ed ov er sev eral millennia. […] To meet indiv idual countries' climate mitigation goals, carbon dioxide (CO2) emissions into the atmosphere - 
the major driv er of  climate change - will need to reach zero on a net basis in the early  second half  of  the 21st century , i.e. in 30 y ears' time.”  
OECD, Accelerating Climate Action REFOCUSING POLICIES THROUGH A WELL‑BEING LENS, 2019 - 
https://www.oecd.org/env ironment/cc/Highlights-Accelerating-Climate-Action-Ref ocusing-Policies-through-a-Well-being-Lens.pdf  
12 Currently , 23 states hav e established targets to reduce GHGs in the coming decades.  See Center f or Climate and Energy  Solutions, U.S. 
State Greenhouse Gas Emissions Targets, https://www.c2es.org/document/greenhouse-gas-emissions-targets/. 
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large-scale deployment of carbon dioxide removal … can only be achieved if global CO2 emissions start to decline 
well before 2030.”13 

Each year the margin between the level of warming we are committed to, and an increase of 2 degrees, is getting 
smaller.  The U.S. and the world as a whole have not yet achieved reasonable progress towards the required level 
of reduction in annual emissions of GHG.  As the margin gets smaller, the importance of achieving substantial 
GHG emission reductions as soon as feasib le grows in importance and value.  There are several motivations for 
placing substantial weight on achieving reductions in GHG emissions now, as opposed to one, five or ten years 
from now: 

• Achieving reductions now reduces the burden - and likely the cost - of accomplishing the needed level of 
reductions later in time.  Failing to make reasonable progress towards the emission reduction goals places 
too great a burden on future economies to make up the difference.14 

• More aggressive action to reduce emissions now increases the flexibility governments will have to achieve 
deeper and more difficult reductions later; early reductions extend the time to develop processes and 
technologies that will be needed to get to deeper cuts. 

• The sooner emission reductions are achieved, the sooner we begin to avoid the financial and societal 
damages and risks associated with those emissions.    

• Early reductions push out the year when concentrations in the atmosphere may cross dangerous 
thresholds, or “tipping points.” 

It is at best difficult to see the pathway to nearly eliminating GHG emissions from the economy over just three 
decades.  The difficulty lies in the fact that there are technologies, policies, and programs that will likely be needed 
to reach this level that have not even begun to take hold or be implemented.  In this context, GHG emission 
reduction value of energy efficiency stands out.15  EE programs and measures are already ubiquitous and largely 
 
                                                             

13 IPCC, 2018: Summary  f or Policy makers. In: Global Warming of  1.5°C. An IPCC Special Report on the impacts of  global warming of  1.5°C 
abov e pre-industrial lev els and related global greenhouse gas emission pathway s, in the context of  strengthening the global response to the 
threat of  climate change, sustainable dev elopment, and ef f orts to eradicate pov erty  [Masson-Delmotte, V., P. Zhai, H.-O. Pörtner, D. Roberts, J. 
Skea, P.R. Shukla, A. Pirani, W. Mouf ouma-Okia, C. Péan, R. Pidcock, S. Connors, J.B.R. Matthews, Y. Chen, X. Zhou, M.I. Gomis, E. Lonnoy , 
T. May cock, M. Tignor, and T. Waterf ield (eds.)], page 18. 
14 A 2014 study  by  the Council of  Economic Adv isors (CEA) highlights sev eral elements of  the cost of  delay ed action on climate change, 
including the f ollowing. 
Delay in action can be costly: “If  a policy  delay  leads to higher ultimate CO2 concentrations, then that delay  produces persistent additional 
economic damages caused by  higher temperatures, more acidic oceans, and other consequences of  higher CO2 concentrations. Moreov er, if  
delay  means that the policy , when implemented, must be more stringent to meet a giv en target, then it will be more costly .”  
Uncertainty about impacts imposes risk associated with late action:  “Uncertainty  about the most sev ere, irrev ersible consequences of  climate 
change adds urgency  to implementing climate policies now that reduce GHG emissions. In f act, climate policy  can be seen as climate insurance 
taken out against the most damaging potential consequences of  climate change—consequences so sev ere that these ev ents are sometimes 
ref erred to as climate catastrophes. The possibility  of  climate catastrophes leads to taking prudent steps now to sharply  reduce the chances that 
they  occur." 
Delay increases costs by increasing the required stringency of reduction programs later:  “[a] cost of  delay  arises if  policy  is delay ed but still hits 
the climate target, f or example stabilizing CO2e concentrations at 550 ppm. Because a delay  results in additional near term accumulation of  
GHGs in the atmosphere, delay  means that the policy , when implemented, must be more stringent to achiev e the giv en long-term climate target. 
This additional stringency  increases mitigation costs, relativ e to those that would be incurred under the least-cost path starting today ." 
The CEA rev iews sev eral studies that rev iew the cost implications of  delay ed climate action that f ind that ev en a short delay  can add substantial 
costs to meeting a stringent concentration target, or ev en make the target impossible to meet. The Cost of  Delay ing Action to Stem Climate 
Change, The Council of  Economic Adv isors, 2014 - https://scholar.harv ard.edu/files/stock/files/cost_of_delay ing_action.pdf 
15 EPA notes that a rev iew of  policies and programs that f ederal, state, and local gov ernments are using to require or encourage ef f iciency 
inv estment “…puts energy  ef f iciency in the climate policy  spotlight as a near-term, low-cost resource f or reducing the growth in carbon emissions 
and lowering the ultimate cost of  reducing GHG emissions. "EPA, Energy  Ef f iciency as a Low-Cost Resource f or Achiev ing Carbon Emissions 
Reductions, 2015 - https://www.epa.gov /sites/production/f iles/2015-08/documents/ee_and_carbon.pdf   
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economical even without consideration of their GHG emission reduction value.  States and utilities have extensive 
experience with designing and administering EE measures and programs, and they are highly effective at both 
saving money for consumers and businesses, and achieving immediate reductions in GHG emissions.  Thus it is 
particularly important now to view EE from the perspective of how states may meet their GHG emission reduction 
targets, and the role that EE can play this early in the process.  Given the role that utility regulators play in the 
design and administration of utility EE programs (and many other climate-focused energy/environmental policies), 
they can play a key role in helping put states on a path to achieve mandated GHG emission reduction targets. 

B. Capturing the time value of GHG emission reductions from EE 

Our analysis focuses on the true value of energy savings from the perspective of achieving GHG emission 
reductions, and achieving them as quickly as possible.  This is relevant because two EE programs implemented in 
a single year could lead to the same lifetime reduction in GHG emissions, but one may have greater value 
because it achieves those reductions this year and next year, as opposed to five or ten years from now.  In this 
analysis, we capture the time value of GHG emission reductions in translating EE program savings into benefit 
metrics.   

We assess the value of EE programs and measures in a way that fully incorporates a measure of the time value of 
GHG reductions by estimating the present value of avoided damages associated with achieving GHG emission 
reductions through EE programs and measures, using the social cost of carbon (SCC).  We can do this because 
different EE program types reduce energy demand in different ways over time, and when the savings are achieved 
affects their value in reducing damages associated with climate change.  Consider for example two types of EE 
programs in common practice that achieve savings in different ways: 

• Structural EE programs (SEE) - such as programs that may include building shell measures, lighting 
replacement and HVAC/appliance efficiency programs - encourage the purchase of more efficient bulbs 
and equipment, and lead to annual energy savings over the EUL of the technologies involved.  Each type 
of efficient light bulb, building shell measure, and HVAC/appliance installed in a given year will have 
different EULs, so the time period over which savings accrue will vary by mix of technologies, as will the 
total lifetime energy savings.  Comprehensive programs that include SEE measures generally involve 
energy audits and contracting processes, and take time to roll out and generate savings (and associated 
GHG emission reductions).  

• Behavioral EE programs (BEE) - such as home energy report programs - seek to change the energy-
consuming behavior of utility customers by providing them information, on a recurring basis, on energy 
use and energy saving options.  A behavioral EE program implemented in a given year may immediately 
affect consumer behavior (e.g., changing the thermostat temperature level), but that behavior may not 
persist, unless the program is continued in subsequent years.  Behavioral programs can reach most utility 
customers quickly, and can quickly begin to generate and sustain savings (and associated GHG emission 
reductions). 

Thus, different EE programs administered in a single year can produce vastly different energy savings profiles 
(and avoided damages) over time, depending on the measures installed and the number of participants.  
Additionally, even EE programs administered in a single year that will save exactly the same amount of energy in 
total over time (say, e.g., 20 years) can have vastly different GHG emission reduction profiles, and lead to very 
different results in terms of the climate change damages and risks avoided.  For example, a program that saves 
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100 megawatt hours (MWh) in 2020 will have greater value in avoided damages than a program that saves 100 
MWh over ten years, at a rate of 10 MWh per year.  This stems from the many reasons that achieving GHG 
emission reductions sooner rather than later is higher in value, and in part is analogous to the fact that earning 
$100 this year has greater value (on a present value basis) than earning $10 per year for the next ten years. 

Our analysis seeks to capture the time value of achieving GHG emission reductions in the review of utility EE 
programs in several ways: 

(1) Net Present Value - first, we account for the fact that on a net present value basis, reducing the monetary 
damages from climate change is greater the sooner the reduction in emissions occurs; in addition, over a 
set timeframe of, for example, the next fifty years, earlier reductions will decrease the number of years 
that higher GHG loadings and higher temperatures result in more damages. 

(2) Social Cost of Carbon (SCC) - second, we incorporate the SCC in our analysis of damages avoided by EE 
measures and programs, and account for the fact that the present value of the SCC declines over time.  
That is, extensive analysis of the risks and damages associated with climate change produce different - 
and decreasing - damages from emissions of a single ton of GHG (in terms of CO2-equivalent, or CO2-e) 
on a present value basis.  This means that reducing a ton of GHG today inherently has greater value than 
that same ton reduced next year (and thereafter).  The SCC is described in more detail in Appendix 2. 

(3) Declining GHG emission intensity of energy production - third, we account for the fact that there is a clear 
trend, policy push, and expectation that the coming decades will see continuous declines in the GHG 
emission intensity of the electric grid (as well as, but perhaps to a lesser extent, heating and air 
conditioning equipment and vehicles).  This means that saving a MWh of electricity today will generate 
greater reductions in GHGs than saving that same MWh of electricity next year and beyond.  This effect 
takes on far greater importance to the extent that state economy-wide GHG policies drive rapid 
electrification of the building and vehicle sectors, and thus rapid increases in the amount of generation 
needed to meet electricity demand. 

In short, there are two key observations we draw when considering the implications of the role of EE in climate 
policy and the importance of metrics that capture the time value of GHG emission reductions.  First, for many 
reasons the urgency to address climate change and capture reductions of emissions of GHGs as soon as possible 
is growing in importance, and EE stands as an existing, highly effective, available, and economic pathway to 
immediate reductions.  Second, different EE measures and programs can have very different GHG emission 
reduction profiles, and thus very different levels of effectiveness in achieving early reductions in GHG.  As 
described in subsequent sections, we attempt to fully account for both of these factors in our comparative analysis 
of EE program types.16  

 
                                                             

17 Massachusetts electricity  demand is met through market transactions and power sy stem dispatch that are f ully  coordinated across the six-state 
New England region.  We similarly  base emission metrics f or other states on the coordinated sy stem market and dispatch regions af f ecting those 
states. 
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IV. Method for evaluating energy efficiency from a climate 
change perspective 

A. Overview 

We highlight climate change impacts as a primary value metric of EE programs through a comparative analysis 
based on existing utility EE program savings data.  The program data are used to first estimate the GHG emission 
reduction outcomes on an annual basis, then these outcomes are translated into avoided damages due to climate 
change by taking into account the time value of the GHG reductions (i.e., when they occur).  We carry out the 
analysis with the following steps: 

• Identify utility EE programs that are relatively common across a number of states, and that have different 
savings and effective useful lives.  Specifically, we consider EE programs for the residential sector, and 
compare structural retrofit programs with behavioral programs.  The structural programs tend to have 
slower uptake over time, but involve EE measures that have long EULs - such as insulation, HVAC 
replacement, and appliance rebates.  Conversely, the behavioral programs - in this case home energy 
report (HER) programs - can engage customers and scale quickly due to the opt-out nature of the 
program, but the savings are estimated to dissipate more quickly than structural program elements 
(unless the program continues over time).  The utilities and programs analyzed are discussed in more 
detail below. 

• Collect data on the programs as presented in program planning documents, which incorporate design 
considerations and the results of the most recent evaluation of the programs from the standpoint of 
savings, cost, measure life, number of participants, etc. Our representation of programs for each utility is 
based on each company’s standard planning cycle (e.g., 2, 3, or 4 years), and we apply the data as if the 
planning cycle starts in 2020 for consistency across states and programs.  Sources of the data used are 
presented in more detail below. 

• Compare the programs over a 30 year time horizon (2020-2050) based on metrics tied to savings, the 
GHG emission reduction performance across the programs, damages avoided due to the investments, 
cost of emission abatement, and level of fairness in providing customers access to the programs.  The 
metrics we use and how they are calculated are discussed in more detail below, and in Section V. In 
short, we develop results with the following sequence of steps: 

o Collect data to estimate program energy savings by year starting in 2020, and for each year until 
savings stop accruing based on the measure lives of individual measures in each program or 
meets program lifetime savings. 

o Identify power system emission rates in the states and regions of interest, in order to be able to 
estimate annual GHG emission reductions associated with electricity program savings. 

o Tabulate and chart the annual savings by year, breaking out results for the behavioral and 
structural EE programs on the same chart.  Use this data to also display cumulative lifetime 
energy savings associated with the programs. 

o Translate annual savings into annual metric tons (tonnes) of GHG emissions avoided as a result 
of the programs. Annual GHG emissions avoided are estimated using regionally-appropriate 
composite emission rates for the state being analyzed (e.g., for MA EE programs, we use 
emission rates for power system operations in the New England Independent System Operator 
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(ISO-NE) region).17  We do not hold the assumed CO2 emission rates constant over time, 
recognizing that the carbon intensity of electricity generation has been declining and is expected 
to continue to decline based on technological changes and state efforts to decarbonize their 
electric systems.  Thus, we build in a factor to reflect ongoing decarbonization of the fuel mix.  
Similarly, we use annual GHG emission reductions to estimate cumulative lifetime GHG emission 
reductions for the program.  

o Translate annual GHG emission reductions into dollars of damage due to climate change avoided 
(on a present value basis) using the Social Cost of Carbon for each year applied to emissions 
avoided in that year.  We estimate and compare the cost effectiveness of the programs in terms 
of dollars spent per tonne of GHG emissions avoided.18 

o Estimate and compare other values of interest, such as program participation rates and the 
number of program implementation years to achieve the same level of GHG emission reduction 
benefit.  

• Review the results of the analysis, and develop policy recommendations relevant to the ongoing design 
and review of utility EE programs. 

We present the results of our analysis and associated observations in Section V.   

B. EE programs reviewed 

Since the purpose of our review is to evaluate metrics tied to EE as an effective GHG abatement tool, we consider 
states that have both substantial experience with EE, and have pursued policies or laws seeking to make 
significant cuts in GHG emissions.   

We identify several states and utilities to use in the analysis based on these primary considerations.  The states 
and electric EE programs selected cover a wide geography in the U.S. and include states that currently operate 
under a cap and trade program for CO2 emissions (the Regional Greenhouse Gas Initiative, or RGGI) and states 
that do not.  All of the states and programs are well developed with respect to program design, administration, and 
evaluation practices, have publicly-available data on historic and expected program performance, and administer a 
range of program types - including both structural EE and behavioral EE programs - across their customer bases.  
By focusing on the states and programs selected, we seek to generate results that cut across diverse geographies 
and policy preferences. We also sought to review results in different power regions that have different fuel mixes 
for electricity generation (and thus different carbon abatement benefits per MWh saved). 

As discussed above, in order to draw out potential difference among EE programs with respect to climate impact 
characteristics, we sought to compare EE programs that differ significantly in program approach, energy savings, 
GHG emissions, and climate change abatement characteristics.  To do this, we compare behavioral EE programs 

 
                                                             

17 Massachusetts electricity  demand is met through market transactions and power sy stem dispatch that are f ully  coordinated across the six-state 
New England region.  We similarly  base emission metrics f or other states on the coordinated sy stem market and dispatch regions af f ecting those 
states. 
18 Recognizing that EE programs generate cost sav ings f or utilities and consumers, we also calculate the estimated dollars of  benef it accrued per 
tonne of  CO2 reduced. 
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(which tend to be assigned short EULs) with representative structural EE programs that include a range of energy 
efficiency measures with longer EULs.19   

All the states and utilities selected have very similar behavioral programs - namely Home Energy Report programs 
that are designed to encourage more efficient energy use among customers through personalized digital and print 
communications that provide information on customers’ energy use and on ways in which customers may reduce 
their energy consumption.   

The design of SEE programs is more varied across the states and utilities.  Our approach was to select a program 
in each state that generally include energy audits, immediate energy savings measures (e.g., light bulbs), and 
opportunities to capture additional savings through building shell, HVAC and/or appliance measures, such as 
insulation, furnace/boiler replacement, rebates, and air conditioning replacement.  One state, New York, does not 
offer the type of SEE program assessed in this analysis.20  Therefore, we in New York we include a review of a 
BEE program solely to demonstrate the consistency of BEE’s performance across states. 
 
New York has demonstrated a commitment to leverage energy efficiency to meet its climate goals (if met, New 
York’s efficiency targets would deliver nearly one-third of the state’s needed GHG reductions by 2030). Yet at the 
same time, in a January 16, 2020 Order (Case 18-M-0084), the NY PSC said “…behavioral savings have relatively 
limited persistence and are unlikely to deliver the scale necessary to meet the State’s needs.  Further, the Utilities’ 
current portfolios do not sufficiently target building envelope improvements.  Increased activities in building 
envelope improvements will be necessary to achieve the State’s climate objectives.”21 As this report demonstrates 
through analysis, this either/or approach will lead to suboptimal results from a climate policy perspective. 

Table 1 summarizes the states, companies and the structural programs we evaluated, and the timing of their 
planning/administration cycles used in our analysis.   

 
                                                             

19 Our goal was to compare programs that dif f er in design and outcomes, in order to draw out key  dif f erences f rom a CO2 reduction perspectiv e.  
Howev er, there is some grey  area with respect to the measure liv es of  SEE program elements.  In practice, most of  the SEE programs rev iewed 
contain both measures with long EULs (such as building shell and HVAC measures) and measures with shorter EULs (such as appliance 
ef f iciency incentives and lighting replacement).  In some cases, the actual lif etime sav ings associated with the SEE programs is dominated by  the 
shorter EUL elements of  the programs.   
20 NYSERDA of f ers a Home Perf ormance with Energy  Star structural retrof it program (which we would classif y  for the purposes of  this analy sis 
as a SEE program).  Howev er, the program is being phased out due to lower than anticipated rates of  participation, and as such, does not 
represent an appropriate point of  comparison.   
21 http://documents.dps.ny.gov/public/Common/ViewDoc.aspx?DocRefId={06B0FDEC-62EC-4A97-A7D7-7082F71B68B8} 
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Table - 1: States’ Structural Energy Efficiency programs target building HVAC and weatherization measures or take a 
whole-home approach. 

 

C. Metrics 

Our comparative analysis focuses on a set of EE performance metrics based on actual program designs.  Across 
the states and across the years, a wide range of metrics have been used in the design, administration and 
evaluation of EE programs, and in the setting of EE program budget levels.  In this report we do not attempt to 
review or describe all of them.22  Instead, we focus on those whose use may create or help resolve disconnects 
between (1) the role of EE as a pathway to minimize utility resource and operational costs, and (2) EE as a 
pathway to minimizing the cost of achieving state GHG reduction targets.  There are a number of key metrics 
tracked in utility EE performance reviews that we consider in our analysis, and that we use in developing our own 

 
                                                             

22 A helpf ul surv ey  of  metrics and practices used in the rev iew of  EE programs may  be f ound in: State and Local Energy  Ef f iciency  Action 
Network, SEE Action Guide for States: Evaluation, Measurement, and Verification Frameworks—Guidance for Energy Efficiency Portfolios 
Funded by Utility Customers, Evaluation, Measurement and Verification Working Group, January  2018.  

State Energy Efficiency Programs that Represent Structural Energy Efficiency

State Utility
Structural EE 

Program Description Program Years

IL
Commonwealth 
Edison

Residential HVAC 
and Weatherization

The program provides incentives for the purchase 
and installation of high efficiency residential 
measures, in particular HVAC appliances and 
weatherization measures.

2018-2021

MD
Baltimore Gas and 
Electric

Home Performance 
with ENERGY STAR

The program offers residential customers (owners 
and renters) a comprehensive whole-home energy 
audit, and the option of a "home performance job," 
in which customers receive incentives to implement 
audit recommendations.

2018-2020

MA National Grid
Residential 
Coordinated 
Delivery

Applicable to both single- and multi-family buildings, 
the program offers in-home and online assessments 
and "helps customers acquire comprehensive
home energy efficiency upgrades, with a focus on 
weatherization and heating and cooling systems."

2019-2021

NY - -
New York IOUs do not administer a 
comprehensive SEE program.

-

Sources:
[1] Commonwealth Edison Company’s 2018 – 2021 Energy Efficiency and Demand Response Plan.
[2] Baltimore Gas and Electric Company (BGE) 2018-2020 EmPOWER MD Program Filing (Case No. 9154).
[3] Massachusetts Joint Statewide Electric and Gas Three-Year Energy Efficiency Plan 2019–2021.
[4] New York Clean Energy Dashboard (https://rev.ny.gov/cleanenergydashboard).

Note: The representative Structural Energy Efficiency program for each state was chosen as being the single most comprehensive whole-
home retrofit program that the selected utility has to offer.
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performance metrics tied to GHG emission reduction value.  These various performance data include the following: 

Utility and consumer costs 

- Annual energy savings  - the reduction in energy consumption (e.g., megawatt hours (MWh) of electricity) 
in one year from the installation of EE measures in a household or business, or the total annual amount of 
savings across all participants from administration of an EE program. 

- Total lifetime savings - the sum of annual energy savings across all years from administration of a 
program in one year, taking into account the effective useful lives of the measures included in the 
program. 

- Effective useful life (EUL) - the estimated useful life of a measure, in terms of how long it may be assumed 
the measure will continue to generate energy savings; or, the estimated useful life of a program, 
developed as a weighted average of the EULs of individual measures.  

- Dollars per unit of saved energy - energy saved divided by dollars spent in program implementation.  This 
may be calculated based on annual savings (i.e., dollars per unit of annual energy savings), or based on 
lifetime savings (i.e., dollars per unit of total lifetime savings). 

- Participants  - the number of participants reached through EE program implementation, typically measured 
as customers served per year. HER programs usually treat the same households year over year while 
structural EE programs treat a different set of customers each year.  

GHG abatement 

- Annual reduction in emissions of greenhouse gases, or CO2 - the reduction in GHG emissions in one year 
from the installation of EE measures in a household or business, or the total annual amount of savings 
across all participants from administration of an EE program.  We speak generally of reductions in GHG 
emissions when discussing state laws and regulations that seek reductions in all greenhouse gases 
across all economic sectors.  However, the data we use for our utility program evaluation focus on 
reductions in CO2 emissions from electricity generation.  Thus we refer to reductions in CO2 in our 
analysis.  

- Total lifetime reduction in emissions of CO2 - the sum of annual reduction in emissions of CO2 across all 
years from administration of a program in one year, taking into account the effective useful lives of the 
measures included in the program. 

- Present value of damages avoided from reduction in emissions of CO2 - the present value of damages 
avoided due to reduction in CO2, taking into account (a) annual reduction in emissions of CO2 in each 
year, (b) the social cost of carbon which estimates total expected damages associated with emissions of 
greenhouse gases in a given year, and which varies with the year in which the emissions occur, and (c) a 
discount rate to put future avoided damages into present-year terms.  

- Dollars per ton of reduction in emissions of CO2 - CO2 emissions avoided divided by dollars spent in 
program implementation.  This may be calculated based on annual emission reductions (i.e., dollars per 
unit of annual reduction in emissions of CO2), or based on lifetime savings (i.e., dollars per unit of total 
lifetime reduction in emissions of CO2). 

These two groups represent parallel metrics of EE measure and program impacts that in effect focus on a different 
“currency.”  In one case, the primary focus of interest is utility costs and avoided costs (cost benefits).  In the other, 
the cost of implementation is also tracked, but the primary focus of interest is emissions of GHG, and reductions in 
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the expected damages associated with GHG emissions from implementation of EE programs (GHG benefits, or 
“climate value”).  We do not view both with an eye towards favoring one over the other; to the contrary, both 
factors are important.  Instead, in the current climate of increased activism at the state level to address the risks 
associated with climate change, and to pursue GHG reductions aggressively to meet continuous economy-wide 
reduction targets, it is important to shed light on the different perspectives.  It is also important to consider how to 
better view EE programs through both lenses to ensure that GHG laws/policies and EE program design and 
administration are not working at cross purposes. 

In the results presented in Section V, we develop and use these metrics based on the data collected from utility 
program documents, and provide a consistent set of tables and charts for the comparisons for each state.  
Notably, different utilities and different states operate pursuant to different cycles for the design and administration 
of EE programs.  In our analysis we present results assuming a consistent start year of 2020 in order to be able to 
present and compare outcomes on a consistent temporal basis across states and programs. 
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V. Findings and Recommendations 

A. Findings  

The subset of results and implications presented in this section are generally consistent across the programs, 
states and companies we analyze.  Table 2 provides the results for all states and programs.  Appendix 1 contains 
all the tables, charts, references and data sources for all states and programs reviewed. 

Table - 2: Summary of results for all states. 

  

In drawing observations from the results, we consider the urgency of making progress to address climate change, 
the structural changes that appear to be underway in the energy industries, and the results of focusing on GHG 

Parameter Structural Behavioral
Cumulative Electricity Savings (MWh) 620,998 1,488,625

Cumulative avoided CO2 emissions (tonnes) 464,267 1,382,433

Cumulative avoided climate damages $21,935,594 $57,762,971

Number of Participants 122,036 1,700,000

Cost per dollar of avoided climate damage $2.04 $0.43

Cost per tonne CO2 avoided $96.42 $17.95

Cumulative Electricity Savings (MWh) 166,650 415,022

Cumulative avoided CO2 emissions (tonnes) 45,942 153,885

Cumulative avoided climate damages $2,249,495 $8,151,269

Number of Participants 18,300 902,900

Cost per dollar of avoided climate damage $9.75 $2.03

Cost per tonne CO2 avoided $477.31 $107.58

Cumulative Electricity Savings (MWh) 523,622 227,246

Cumulative avoided CO2 emissions (tonnes) 131,083 65,411

Cumulative avoided climate damages $6,631,019 $3,464,562

Number of Participants 76,957 705,000

Cost per dollar of avoided climate damage $22.82 $5.42

Cost per tonne CO2 avoided $1,154.26 $287.17

Cumulative Electricity Savings (MWh) - 85,143

Cumulative avoided CO2 emissions (tonnes) - 42,150

Cumulative avoided climate damages - $2,247,897

Number of Participants - 1,100,000

Cost per dollar of avoided climate damage - $5.60

Cost per tonne CO2 avoided - $298.55

Note: New York IOUs do not administer a comprehensive SEE program.
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emission reduction metrics in the review of EE programs.  The analysis leads us to observations that are important 
in the review of EE programs, whether in the context of existing utility practices or more broadly as states seek to 
rapidly decarbonize their economies.   

Structural/SEE programs generate cost effective energy savings across the full lives of the measures included in 
the programs.  However, the BEE programs are extremely cost effective from the perspective of achieving CO2 
emission reductions, and increasing the avoided damages from climate change by achieving reductions fast, and 
early in the program years.  They have the benefit of being able to reach as many customers as needed (in all of 
the programs we reviewed, more than half of the customers in a utility’s service territory in each year), and are 
able to achieve the GHG emission reductions very early, capturing the time value of achieving CO2 emission 
reductions sooner rather than later.  This translates into a higher level of avoided damages from climate change 
per dollar spent. 

Figures 1, 2 and 3 present data on the performance of programs with respect to the breadth of participation and 
the effectiveness in achieving CO2 emission reductions.  Figures 1 and 2 presents the cost per tonne of CO2 
avoided and the cost per dollar of avoided damages, respectively, for the BEE and SEE programs of all 
states/utilities.  Figure 3 presents the number of participants for each program.  Taken together, Figures 1, 2 and 3 
show how the broad reach and low costs of the BEE programs generate cost saving opportunities for most utility 
customers while generating CO2 reductions and the reduced damages from climate change at a fraction of the cost 
of SEE programs in most instances. A complete set of results for each state is provided in Appendix 1.  

Figure - 1: BEE programs can be more cost-effective than SEE programs in achieving CO2 reductions. 
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Figure - 2: BEE programs can be more cost-effective than SEE programs in reducing damages due to CO2 emissions. 

 

Figure - 3: BEE programs reach a substantially broader population than SEE programs. 
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Table 3 provides the full summary of metrics of interest for National Grid in Massachusetts.  The table provides, for 
both structural and behavioral programs, cumulative values for energy savings, GHG emissions avoided, and 
climate change-related damages avoided due to administration of the programs over the program period.  It also 
provides data on the cost of each program, number of participants, cost per ton of GHG avoided, and cost per 
dollar of damage avoided.   

Table - 3: The MA BEE program is more than 4 times more cost-effective per $ of avoided climate damages than the MA 
SEE program. 

 

The results highlight several distinctions among the programs studied: 

Finding 1: BEE programs deliver climate benefits at a fraction of the cost of SEE programs. As detailed in 
Table 3, Massachusetts BEE programs deliver reductions in CO2 emissions and avoided damages from climate 
change for about one quarter the cost of SEE programs.  While Table 3 tracks the programs costs per tonne of 
CO2 avoided, it is important to note that this does not factor in utility and customer savings that flow from 
investment in EE.  When ratepayers benefits are taken into account, the EE programs we studied are achieving 
CO2 emission reductions - and avoiding damages associated with climate change - at negative costs (i.e. benefits).   

This analysis primarily looks out through 2050, as that is the most common target for state climate goals. If, 
however, we consider the scientific community’s finding that significant emissions reductions must be achieved by 
2030, the findings and recommendations of this report become even more pronounced. Looking out to 2030, the 
MA BEE programs deliver reductions in CO2 emissions and avoided damages from climate change at about one 
fifth the cost of SEE programs. See the analysis of the National Grid program in Massachusetts in Appendix A for 
an example of the differences between the structural and behavioral programs using a 2050 and 2030 time 
horizon. 

Finding 2: While individual customer savings may be lower for BEE programs, the total annual and total 
cumulative savings for BEE are higher due to the scale at which BEE programs operate.  For example, in 

Summary Comparison of Structural and Behavioral Energy Efficiency Programs
National Grid - Massachusetts

Parameter Structural Behavioral
Cumulative Electricity Savings (MWh) 523,622 227,246

Cumulative avoided CO2 emissions (tonnes) 131,083 65,411
Cumulative avoided climate damages $6,631,019 $3,464,562

Number of Participants 76,957 705,000
Cost per tonne CO2 avoided $1,154.26 $287.17

Cost per dollar of avoided climate damage $22.82 $5.42

Notes:
[1] Costs represent total resource costs in $2020.
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Table 3 one can see that the Massachusetts BEE program reaches nearly ten times the number of customers in 
the SEE program over the three-year program period.23 

SEE programs lead to installation of EE measures with long EULs that achieve significant energy savings and 
GHG emission reductions on a lifetime basis.  However, logistically and administratively it can be difficult to ramp 
up SEE retrofit programs to reach a greater rate of participation, and the savings and emission reductions get 
stretched out over a longer period of time. These factors contribute to moderating the impact the programs have 
with respect to the value of lowered CO2 emissions relative to the BEE programs.   

Finding 3: Continued administration of BEE programs achieve the same reduction of CO2 emissions as the 
SEE programs but approximately five times faster. If BEE programs are not continued each year, the programs 
will provide large near-term CO2 emission reductions that capture the value (in terms of avoided damages from 
climate change impacts) of the time value of the reductions, but the impact tails off more quickly due to the shorter 
EULs of the program.  The impact of the shorter EUL of behavioral programs, however, is easy to address through 
a continued administration of the BEE programs to maintain their energy (and emission) reducing impact 
throughout the larger customer base that participates in the program.  Using the National Grid programs in 
Massachusetts as an example, Figure 4 shows how much more quickly avoided damages and GHG emission 
reductions can be achieved through administration of BEE programs.  In this case, the behavioral program 
implemented for 4 years achieves an equivalent level of cumulative lifetime avoided climate change damages as 
the structural program, and still does so at roughly one third the cost.  In other words, a company can reduce the 
same amount of CO2 emissions as the SEE program for one third the cost.  More importantly, it accomplishes this 
in 3-4 years as opposed to over 20 for the SEE program , capturing the time value of achieving the reductions 
sooner rather than later.  This translates into an even greater advantage from the standpoint of avoided climate 
change damages. 

 
                                                             

23 The behav ioral program reaches the same 705,000 participants f or the three program y ears, whereas the structural program reaches on 
av erage 25,652 unique participants in each of  the three y ears, leading to a 3-y ear total of  76,957 customers. 
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Figure - 4: National Grid’s BEE program could achieve the same aggregate climate change benefits as its SEE program 
in less time.  

 

Most importantly, the results demonstrate the benefit of continuing BEE program investments from the standpoint 
of reducing GHG emissions and contributing to mitigation of climate change risks.  In particular, the sharp slope of 
the behavioral program illustrates the impact that scale and immediate behavioral actions have on achieving 
energy savings.  Due in part to the opt-out design of BEE programs and relatively low acquisition costs, they are 
able to at once reach most customers in a service territory24 and begin to accrue savings (and GHG emission 
reductions) very quickly.  This allows them to continuously administer such programs over time while refreshing 
the message and the information provided on energy saving measures and practices, and realize the benefit that 
achieving a reduction in GHG emissions now has greater monetary and risk-reduction value than that same ton 
reduced one, five or ten years from now.   

Finding 4: Timing matters - taking steps to achieve GHG emission reductions sooner and faster is 
becoming vastly more important.  The timing of achieving reductions in GHG matters.  All else equal, a ton of 
CO2 avoided today has greater value than one avoided three or five years from now.  Early reductions increase the 
likelihood that states will remain on track to meet targets, and the sooner reductions are achieved, the sooner we 
avoid the damages associated with those emissions.  Achieving reductions sooner rather than later reduces risks 
that GHG reduction targets will not be met; likely reduces the cost of meeting those targets; and reduces the risk 
 
                                                             

24 While in theory  behav ioral programs could reach all customers, some portion of  the customer base must serv e as a control group f or 
ev aluating program impacts, and at time companies may  wish to target specif ic subgroups of  customers to research targeted market programs or 
based on policy  or technological f actors. 

$0

$1

$2

$3

$4

$5

$6

$7

$8

Av
oi

de
d 

cl
im

at
e 

da
m

ag
es

 ($
20

20
)

M
illi

on
s

Cumulative Avoided Climate Damages ($2020) from Behavioral and Structural Energy 
Efficiency Programs

National Grid - Massachusetts

Structural Scenario Behavioral Scenario Equivalent BEE

Structural program lifetime avoided climate damages



 Energy Eff iciency Performance from a Climate Change Perspective – Analysis Group 

 

            

 PAGE 32 

 

that society will reach a tipping point beyond which dangerous climate feedbacks are triggered.  As the time 
available to reach emission or average global warming targets gets smaller, the importance of achieving 
substantial GHG emission reductions as soon as feasible grows in importance and value.   

Moreover, electrification of the transportation and building sectors - increasing the demand for electricity - is seen 
as a key near-term strategy for states to make progress towards these targets.  Yet this increased demand may be 
met in large part by an increase in output from fossil-fueled (and carbon-emitting) power plants, for at least the 
next decade, as states make incremental progress towards decarbonization of the electric system.  This means 
that electric EE savings now will result in greater reductions in GHGs than the same amount of energy saved in 
future years, when decarbonization efforts have reduced the emissions per megawatt hour of electricity produced.   

Finding 5: Behavioral programs are one of the few utility-supported measures that benefit a broad reach of 
residential consumers. The GHG emission and climate change impact benefits of behavioral programs are in 
addition to other well-known features that are extremely important in the context of the best use of utility dollars.  
Perhaps most important among the features of BEE programs is their broad reach and inclusivity. Being an 
equitable offering is a key component that facilitates operating BEE programs at scale. BEE programs reach all 
segments of a utility’s residential customer base, and can quickly provide information and energy (and cost) saving 
opportunities to nearly all consumers.  Thus the benefits of utility EE funding are not reserved for a small portion of 
their customer base, and are not limited to certain classes of customers (e.g., those in single family homes, those 
that use air conditioning, or those that have large energy-consuming devices or HVAC systems).  

In particular, this means that BEE programs are likely to reach most low- and moderate- income customers, and 
provide immediate cost saving information and opportunities - a feature that is unique to BEE programs and 
relevant from equity, fairness, economic and public policy perspectives.  And while the opportunities to save vary 
widely across individuals, housing types, and income levels, evidence has shown that BEE programs can achieve 
savings rates among low and moderate income customers essentially equivalent to savings rates achieved by 
higher income customers.25 

Finding 6: The results do not point to choosing BEE programs over SEE programs, or vice versa.  Instead, 
they suggest value in continuing both programs, and increasing investment in both where possible.  There 
is evidence that BEE programs increase participation in SEE programs, increasing the savings (and avoided GHG 
emissions) from those programs.  Past program assessments have found that coordinated administration of BEE 
with other EE programs can increase participation rates in the other programs by as much as 9%.26 Given the 
rapid advancements in just the last couple of years in data analytics, machine learning, and artificial intelligence 
and the capabilities of propensity modeling to drive next best actions, this 9% should be viewed as a conservative 

 
                                                             

25 See, e.g., DNV-GL, Review and Validation of 2014 Pacific Gas and Electric Home Energy Reports Program Impacts (Final Report for the 
Calif ornia Public Utilities Commission, April 1, 2016, Appendix C; and ADM Associates and Tetra Tech, Final Annual Report to the Pennsylvania 
Public Utility Commission, Phase III of  Act 129 Program Year 9 (June 1, 2017 – May  31, 2018) For Pennsy lv ania Act 129 of  2008 Energy  
Ef f iciency and Conserv ation Plan, pages 212-214. 
26 See, e.g. Allcott, Hunt and Todd Rogers, 2014. “The Short-Run and Long-Run Ef f ects of  Behav ioral Interv entions: Experimental Ev idence f rom 
Energy  Conserv ation.” American Economic Rev iew, 104(10): 3003-37 at p. 3026 (“the treatment group [i.e. BEE participants] is slightly  (0.417 
percentage points) more likely  to participate in energy  conserv ation programs. Participation rates are 44 out of  ev ery  1,000 households in control 
[i.e. non-BEE participants] and 48 out of  ev ery  1,000 households in treatment”).  Thus, the rate of  adoption rises f rom 0.044 to 0.048, or about 9% 
([0.048 - 0.044] / 0.044 = 0.091). 
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estimate today. Moreover, new partnerships or delivery of behavioral programs could drive greater participation in 
SEE. 

Figure - 5: BEE programs can induce greater participation in SEE programs, leading to increased climate change 
benefits from SEE programs. 

 

The most obvious way, and something utilities already do today, is to promote SEE measures within the Home 
Energy Report. Beyond cross promotion, utilities and stakeholders could reimagine the relationship between BEE 
and the rest of the portfolio. BEE programs can be used to generate leads for home retrofits. Behavioral nudges 
can be leveraged throughout the retrofit process to ensure a customer completes the process. Components of the 
BEE program can be leveraged to better understand individual customer motivations to pursue energy efficiency. 
Disaggregated energy insights – from machine learning and analytics that create the foundation of behavioral EE – 
can be used to help contractors and customers pursue energy upgrades that will have the greatest bang for their 
buck.  

Behavioral energy efficiency uses powerful data analytics that, when paired with structural EE, has the potential to 
accelerate retrofitting the residential sector. Figure 5 illustrates this by positing an “uptick” - or increase in SEE 
participation due to coordinated BEE delivery - of ten and thirty percent for the MA National Grid electric EE 
programs.  As can be seen, active coordinated deliver of the two programs opens that door to substantial 
additional reductions in CO2 emissions and the associated climate change damages. 
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B. Recommendations  

The drivers of EE investment may be shifting.  More states are moving to laws and policies targeting economy-
wide reductions in GHG on the order of 80 to 100 percent by 2050.  If 2030 is viewed as a tipping point, the 
urgency is that much greater, and all of the findings of the analysis within this report are amplified. This suggests 
heightened urgency to achieve reductions in GHG emissions as much - and as quickly - as possible. In this 
context, EE stands out: it is in effect the lowest-hanging fruit for achieving GHG emission reductions quickly and at 
the lowest possible cost.   

EE investment levels and program designs are reflective of the regulated utility framework in which they have 
existed for decades.  The design and evaluation of EE programs has focused primarily on metrics tied to the utility 
and ratepayer cost savings it achieves, which is appropriate since revenues collected from utilities’ customers are 
the source of EE funding.  Yet as states search for near and long term solutions to reduce emissions of GHG and 
achieve climate policy targets, GHG emission impacts will become an important evaluation metric for EE measure 
and program design.  GHG emission reduction efficacy may not be the most important focus of EE for regulators 
charged with regulating and overseeing the operations of electric utilities, but increasingly it is a key metric of 
interest from the perspective of state legislators and policy makers trying to meet aggressive GHG emission 
reduction targets, in a short period of time, and at the lowest possible cost to the states’ businesses and residents.  

In this report we focus on EE as a tool to rapidly achieve GHG emission reductions given this changing landscape.  
Based on our review, we come to a number of observations that may be considered by utilities, regulators, and 
industry stakeholders.  Specifically, we highlight the following key takeaways based on our analysis of structural 
and behavioral EE programs through the lens of achieving near-term GHG reductions:  

Recommendation 1: Given the urgency of addressing climate change, regulators, utilities, and the energy 
efficiency industry should consider integrating GHG-focused metrics for evaluating the design, budgeting 
and performance of utility EE programs, such as (1) the ability to achieve near-term reductions in GHG 
emissions, and (2) the present value of reductions in damages due to climate change.  There are two related 
reasons why utilities and regulators must pay more direct attention to the GHG emission and climate change 
impacts of EE program designs.  One is the urgency to make meaningful progress towards reducing and 
eliminating the climate impacts of energy supply and use.  The other is to create momentum and maintain the 
feasibility of states actually meeting their progressive GHG emission reduction standards, many of which require 
reductions of 80 to 100 percent in just a few decades.  Comprehensive SEE programs, and EE measures with long 
effective useful lives, are an important component of utility EE programs and GHG reduction efforts.  However, 
focusing only or mostly on programs and measures with long EULs fails to capture the higher value of near-term 
reductions in GHG emissions that can come from programs with shorter EULs, such as BEE programs. 

Recommendation 2: Regulators should consider adopting the following specific policy recommendations: 

Pursue All Cost-Effective Energy Efficiency.  

Pursuing all cost-effective energy efficiency provides utilities with flexibility to design and offer programs that will 
achieve maximum benefits for customers and do so in a way that achieves maximum GHG benefits. Several 
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states invest in the maximum feasible amount of energy efficiency27 and of these states five (MA, CA, RI, VT, CT) 
are in the top seven of states ranked as most efficient in the 2019 ACEEE Energy Efficiency State Scorecard.28  

Maintain Annual Energy Savings Targets. 

As is evidenced by the analysis in this report, energy savings targets must capture the time component of avoided 
GHG emissions. This is achieved in part through maintaining and strengthening annual energy savings targets. 
Pivoting to an emphasis on lifetime savings targets leads to designing programs and portfolios that fail to maximize 
near term GHG reductions, thereby undercutting what is becoming the most significant energy and environmental 
policy goal for administration of energy efficiency programs.  This emphasis puts climate goals at risk by spreading 
out the targeted energy savings and pushing associated GHG benefits far out into the future, when it will 
increasingly be too late to address the risks 

Design Performance Incentives that Simultaneously Maximize Cost Effective Savings and GHG Benefits.  

Performance incentives are in important policy mechanism that align utility action toward a particular outcome. In 
their most basic form, energy efficiency performance incentives focus utilities on achieving particular metrics such 
as exceeding savings targets. Regulators should ensure that performance incentives do not undermine a utility’s 
ability to achieve GHG emissions reductions in the near term.  For example, as our analysis shows, establishing 
performance incentives structured around a target effective useful life of the portfolio savings leads to over 
investment in programs that fail to maximize realization of the most cost-effective near-term GHG benefits.29 

Promote More Aggressive Joint Design and Administration of BEE and SEE Programs.   

Our analysis demonstrates that BEE programs are highly effective at achieving near-term GHG emission 
reductions, and there are complementary emission reduction profiles across BEE and SEE programs.  Importantly, 
BEE programs can be tailored to not only generate savings and emission reductions from BEE program 
participants, but also to encourage and accelerate participation in SEE programs, increasing and more quickly 
achieving reductions in GHG emissions from administration of those SEE programs.  A strong focus on 
complementary administration of BEE and SEE programs will drive EE administration closer to helping states meet 
climate goals while realizing broader and deeper cost savings for consumers. 

VI. Summary 
Behavioral energy efficiency programs are thus more effective in reducing climate change damages and risks than 
utility programs focused only on a combination of measures with longer measure lives.  Across a wide spectrum of 
electric EE programs - spanning geographies and regulatory paradigms - behavioral programs demonstrate the 
greatest ability to achieve GHG emission reductions at the earliest possible time and the lowest possible cost.  Our 
analysis reviews the GHG and climate change value of a range of BEE and SEE programs, and finds that the 
 
                                                             

27 https://www.aceee.org/f iles/proceedings/2014/data/papers/8-377.pdf  
28 https://www.aceee.org/press/2019/10/50-state-scorecard-rev eals-states 
29 Examples of  EE perf ormance incentiv es f ocused on ef f ective useful lif e may be f ound, f or example, in utility  program designs in Illinois and 
New York. 

https://www.aceee.org/files/proceedings/2014/data/papers/8-377.pdf
https://www.aceee.org/press/2019/10/50-state-scorecard-reveals-states
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behavioral programs are more effective in maximizing the GHG emission reduction and climate change impact 
value of EE programs.  The BEE programs are particularly effective with respect to: 

(1) The scope of their reach, and the speed at which the programs may be rolled out and begin to reduce 
energy consumption and GHG emissions; 

(2) Their ability to generate GHG emission reductions immediately, and continue to do so as long as the 
programs continue to be implemented over the years; 

(3) The present value of the damages due to climate change avoided as a result of program investments and 
how soon GHG reductions are achieved; and 

(4) The cost-effectiveness in achieving reductions in GHG emissions and climate change damages. 

EE is a vital tool for achieving GHG emission reductions to meet state policy targets and address climate change 
risks.  But not all EE programs are alike - they differ in both how much they reduce GHG emissions, and when 
those reductions are achieved. The differences in BEE and SEE programs demonstrate that they should continue 
to be promoted by regulators as complementary tools in states’ efforts to combat the threat of climate change. 
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Appendix 1 
Detailed results by state 

Below we present the results in detail for each state and program.  We summarize the analytic outcomes, and 
compare the performance of the behavioral to structural programs with a focus on climate change impacts and 
participation.  Summary results across all states/utilities analyzed, and observations that flow from the results, are 
presented in Section V of the Report.  

A. Illinois - Commonwealth Edison  

Key Results: 

• The behavioral program outperforms the structural program in terms of cumulative lifetime savings from 
programs administered over the term of the program period; cumulative avoided CO2 emissions over the 
term of the program period; cumulative avoided damages; total participants; cost per tonne CO2 avoided; 
and cost per dollar of avoided damage. 

• The present value of damages avoided due to reduced GHG emissions for the behavioral program is 
nearly $58 million, and for the structural program just under $22 million. 

• The cost of abatement - in dollar spent per tonne of GHG emissions avoided, is $17.95/tonne for the 
behavioral program, and $96.42/tonne for the structural retrofit program. 

• The cost per dollar of damages avoided (from reduced GHG emissions), is $0.43 for the behavioral 
program, and $2.04 for the structural retrofit program. 

• Using the IL TRM’s prescribed EUL of 5 years for the behavioral program, implementation of the 
behavioral program achieves twice the lifetime GHG emission reductions of the structural program. 

Table - A1 

 

Summary Comparison of Structural and Behavioral Energy Efficiency Programs
Commonwealth Edison - Illinois

Parameter Structural Behavioral
Cumulative Electricity Savings (MWh) 620,998 1,488,625

Cumulative avoided CO2 emissions (tonnes) 464,267 1,382,433
Cumulative avoided climate damages $21,935,594 $57,762,971

Number of Participants 122,036 1,700,000
Cost per tonne CO2 avoided $96.42 $17.95

Cost per dollar of avoided climate damage $2.04 $0.43

Notes:
[1] Costs represent total resource costs in $2020.
[2] Participation numbers for the Structural program represent the number of individual 
measures installed, not number of customers, which is represented by the number of 
participants for the behavioral program.
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Figure - A1: Cumulative electricity savings over the lifetime of the BEE program are 2.3 times the SEE program. 

 

Figure - A2: Cumulative avoided CO2 savings over the lifetime of the BEE program are 3 times the SEE program. 
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Figure - A3: Cumulative avoided climate damages over the lifetime of the BEE program are 2.6 times the SEE program. 

 
Figure - A4: The BEE program reaches nearly 14 times more customers compared to the SEE program. 
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B. Maryland - Baltimore Gas & Electric 

Key Results: 

• The behavioral program outperforms the structural program in terms of cumulative lifetime savings from 
programs administered over the term of the program period; cumulative avoided CO2 emissions over the 
term of the program period; cumulative avoided damages; total participants; cost per tonne CO2 avoided; 
and cost per dollar of avoided damage. 

• The present value of damages avoided due to reduced GHG emissions for the behavioral program is just 
over $8.15 million, and the structural program is approximately $2.25 million. 

• The cost of abatement - in dollar spent per tonne of GHG emissions avoided, is $107.58/tonne for the 
behavioral program, and $477.31/tonne for the structural retrofit program. 

• The cost per dollar of damages avoided (from reduced GHG emissions), is $2.03 for the behavioral 
program, and $9.75 for the structural retrofit program. 

•  At the 1-year EUL for the behavioral program, implementation of the behavioral program achieves over 3 
times the lifetime GHG emission reductions of the structural program. 

 

Table - A2 

 

Summary Comparison of Structural and Behavioral Energy Efficiency Programs
Baltimore Gas and Electric - Maryland

Parameter Structural Behavioral
Cumulative Electricity Savings (MWh) 166,650 415,022

Cumulative avoided CO2 emissions (tonnes) 45,942 153,885
Cumulative avoided climate damages $2,249,495 $8,151,269

Number of Participants 18,300 902,900
Cost per tonne CO2 avoided 477.31 107.58

Cost per dollar of avoided climate damage $9.75 $2.03

Notes:
[1] Costs represent total resource costs in $2020.



 Energy Eff iciency Performance from a Climate Change Perspective – Analysis Group 

 

            

 PAGE 41 

 

Figure - A5: Cumulative electricity savings over the lifetime of the BEE program are 2.5 times the SEE program. 

 
Figure - A6: Cumulative avoided CO2 savings over the lifetime of the BEE program are 3.3 times the SEE program. 
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Figure - A7: Cumulative avoided climate damages over the lifetime of the BEE program are 3.6 times the SEE program. 

  
Figure - A8: The BEE program reaches nearly 150 times more customers compared to the SEE program. 
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C. Massachusetts - National Grid 

Key Results: 

• The structural program outperforms the behavioral program in terms of cumulative lifetime savings from 
programs administered over the term of the program period; cumulative avoided CO2 emissions over the 
term of the program period; cumulative avoided damages. The behavioral program reaches significantly 
more total participants than the structural program. The behavioral program outperforms the structural 
program in terms of cost per tonne CO2 avoided; and cost per dollar of avoided damage. 

• The present value of damages avoided due to reduced GHG emissions for the behavioral program is just 
under $3.5 million, and the structural program is approximately $6.6 million ($3.7 million without lighting). 

• The cost of abatement - in dollar spent per tonne of GHG emissions avoided, is $287.17/tonne for the 
behavioral program, and $1,154/tonne ($1,542/tonne without lighting) for the structural retrofit program. 

• The cost per dollar of damages avoided (from reduced GHG emissions), is $5.42 for the behavioral 
program, and $22.82 ($31.34) for the structural retrofit program. 

• At an assumed EUL for the behavioral program of 1 year, implementation of the behavioral program would 
achieve the lifetime GHG emission reductions of the structural program in just 4 (1 without lighting) 
additional program years. 

• We also show results if we ran the analysis through 2030 (Table - A4). Results are even more pronounced 
in this situation, as not all savings from the structural scenario are realized by 2030. 

Table - A3 

  

 

Summary Comparison of Structural and Behavioral Energy Efficiency Programs (through 2050)
National Grid - Massachusetts

Structural
Parameter with lighting without lighting Behavioral

Cumulative Electricity Savings (MWh) 523,622 323,321 227,246
Cumulative avoided CO2 emissions (tonnes) 131,083 75,007 65,411

Cumulative avoided climate damages $6,631,019 $3,689,764 $3,464,562
Number of Participants 76,957 76,957 705,000

Cost per tonne CO2 avoided $1,154.26 $1,541.59 $287.17
Cost per dollar of avoided climate damage $22.82 $31.34 $5.42

Notes:
[1] Costs represent total resource costs in $2020.
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Table - A4 

  

 

 

Figure - A9: Cumulative electricity savings over the lifetime of the BEE program meet those of the SEE program after just 
4 additional program years. 
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Cumulative avoided CO2 emissions (tonnes) 110,679 54,949 65,411

Cumulative avoided climate damages $5,728,492 $2,803,445 $3,464,562
Number of Participants 76,957 76,957 705,000

Cost per tonne CO2 avoided $1,367.05 $2,104.30 $287.17
Cost per dollar of avoided climate damage $26.41 $41.25 $5.42
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Figure - A10: Cumulative avoided CO2 savings over the lifetime of the BEE program surpass that of the SEE program 
after 4 additional program years. 

 
Figure - A11: Cumulative avoided climate damages over the lifetime of the BEE program surpass those of the SEE 

program after 4 additional program years. 
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Figure - A12: The BEE program reaches nearly 28 times more customers compared to the SEE program. 

 

Figure - A13: Cumulative electricity savings over the lifetime of the BEE program surpass that of the SEE program after 2 
additional program years. 
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Figure - A14: Cumulative avoided CO2 savings over the lifetime of the BEE program surpass that of the SEE program 
after one additional year. 

 
Figure - A15: Cumulative avoided climate damages over the lifetime of the BEE program surpass that of the SEE 

program after one additional program year. 
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Figure - A16: The BEE program reaches nearly 28 times more customers compared to the SEE program. 

 

 

  

26,110 25,644 25,203 

705,000 705,000 705,000 

0

100,000

200,000

300,000

400,000

500,000

600,000

700,000

800,000

2020 2021 2022

A
nn

ua
l N

um
be

r o
f P

ar
tic

ip
an

ts
Annual Program Participation for Behavioral and Structural Energy Efficiency Programs

National Grid - Massachusetts (no Lighting)
Structural Scenario Behavioral Scenario



 Energy Eff iciency Performance from a Climate Change Perspective – Analysis Group 

 

            

 PAGE 49 

 

D. New York - Consolidated Edison - BEE only 
Key Results: 

• The present value of damages avoided due to reduced GHG emissions for the behavioral program is 
$2,247,897. 

• The cost of abatement - in dollar spent per tonne of GHG emissions avoided, is $298.55/tonne for the 
behavioral program. 

• The cost per dollar of damages avoided (from reduced GHG emissions), is $5.60 for the behavioral 
program. 

 

Table - A5 

  

  

Summary of Behavioral Energy Efficiency Program
Consolidated Edison - New York

Parameter Behavioral
Cumulative Electricity Savings (MWh) 85,143

Cumulative avoided CO2 emissions (tonnes) 42,150
Cumulative avoided climate damages $2,247,897

Number of Participants 1,100,000
Cost per tonne CO2 avoided $298.55

Cost per dollar of avoided climate damage $5.60

Notes:
[1] Costs represent total resource costs and total resource benefits in 
$2020, respectively. These measures are based on a two year planning 
period 2019-2020. 
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Appendix 2 
Further details regarding the time value of greenhouse gas 
model and the social cost of carbon, and state energy 
efficiency scenarios 

Social cost of carbon 

Here we describe the method underlying estimates of the social cost of carbon with a particular focus on how to 
apply the estimates in our analysis of the time value of greenhouse gasses. 

Method underlying the social cost of carbon estimates 

A cross-agency governmental body formed by Executive order (the Interagency Working Group, or IWG) 
developed and published estimates of the social cost of carbon. At the center of these estimates lie three 
integrated assessment models (IAM): DICE, PAGE, and FUND.30 Each IAM translates emissions into monetary 
damages using simplifying assumptions.31 Key assumptions varied by the IWG in the modeling process include: a 
probability distribution for climate sensitivity, which translates carbon concentrations into warming;32 five socio-
economic/emissions trajectories;33 and three discount rates that "span a plausible range of certainty-equivalent 
constant discount rates: 2.5, 3, and 5 percent per year."34 

For each emission scenario, base year (e.g. 2020, 2025, 2030, etc. through 2050), discount rate, and IAM, the 
IWG applies the following process to estimate a distribution of estimates of the social cost of carbon:35 (1) draw a 
realization of the climate sensitivity parameter from its assumed distribution, then input the emissions pathway, 
GDP, and population based on the drawn parameters; (2) estimate annual damages due to the emissions 
trajectory using the relevant IAM (through 2300); (3) perturb the emissions trajectory by an additional unit of 
carbon emissions in a base year and re-estimate damages using each IAM in all subsequent years (i.e. t > base 
year); (4) subtract damages estimated in step 2 from damages estimated in step 3, and discount damages using 
the discount rate back to the base year. The resulting sum of the net present value of damages represents the 

 
                                                             

30 Interagency  Working Group on the Social Cost of  Carbon, February  2010, “Technical Support Document: Social Cost of  Carbon f or Regulatory  
Impact Analy sis Under Executiv e Order 12866,” (hereaf ter TSD-10) at p. 5; Interagency  Working Group on the Social Cost of  Greenhouse 
Gasses, April 2016, “Technical Support Document: Technical Update of  the Social Cost of  Carbon f or Regulatory  Impact Analy sis Under 
Executiv e Order 12866,” (hereaf ter TSD-16) at p. 3. 
31 TSD-10 at p. 5. 
32 TSD-10 at pp. 12–14. 
33 TSD-10 at pp. 15–16. 
34 TSD-10 at p. 23. 
35 See TSD-10 at pp. 24–25 f or a more detailed description. 
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SCC for a given IAM, emissions trajectory, discount rate, and base year; (5) Repeat the above for 10,000 draws of 
the climate sensitivity parameter.36 

In each base year, the IWG develops three distributions (one for each discount rate) of the social cost of carbon 
estimates by taking the simple average across the five scenarios by three IAMs (i.e. 15 scenario-IAM 
combinations) modeling combinations for each draw of the climate sensitivity.37 Note that all social cost of carbon 
estimates are converted to dollars per metric ton of CO2.38 To develop annual estimates other than for years 2010, 
2015, 2020, 2025, 2030, 2035, 2040, 2045, and 2050, the IWG linearly interpolated between these years.39 

The IWG selected its estimates of the social cost of carbon as the average social cost of carbon across the three 
distributions discussed above (with each distribution derived using a separate discount rate).40 The fourth set of 
estimates selected by the IWG represents the 95th percentile, rather than the average, social cost of carbon 
estimate from the distribution derived from the 3 percent discount rate modeling runs. This estimate "represent[s] 
the higher-than-expected economic impacts from climate change further out in the tails of the [social cost of 
carbon] distribution."41 

Interpretation and application of the social cost of carbon 

The social cost of carbon for year T should be interpreted as the net present value of damage done through 2300 
due to one metric ton of carbon dioxide emitted in year T.42 Because of this, in order to accurately represent 
damages in present value terms due to future emissions, avoided emissions in any given year should be multiplied 
by the social cost of carbon estimated in that same year, and then discounted back to the present year using the 
discount rate from which the estimate of the social cost of carbon is derived (we use 3 percent in our analysis).43  

Damages included / excluded 

In general, "[t]he [social cost of carbon] is the monetized damages associated with an incremental increase in 
carbon emissions in a given year. It is intended to include (but is not limited to) changes in net agricultural 
productivity, human health, property damages from increased flood risk, and the value of ecosystem services due 
to climate change."44 The three IAMs capture similar sets of negative impacts due to climate change, though with 
some variations.  

 
                                                             

36 EPRI, “Understanding the Social Cost of  Carbon: A Technical Assessment,” Presentation to the U.S. Energy  Association, December 8, 2014, 
hereaf ter (EPRI), at p. 11; TSD-10 at p. 29. 
37 TSD-10 at p. 25; TSD-16 at p. 5 and p. 15. 
38 TSD-10 at p. 25, bullet point 8. 
39 TSD-16 at p. 16. 
40 TSD-10 at p. 25. 
41 TSD-10 at p. 25. 
42 Damage can be thought of  as lost consumption; see TSD-10 at p. 25. See also EPRI at p. 7, which states that the SCC represents "[t]he net 
present v alue of  global climate change impacts f rom one additional net global tonne of  carbon dioxide emitted to the atmosphere at a particular 
point in time". 
43 Paul, Iliana, Peter Howard, and Jason A. Schwartz, (2017), “The Social Cost of  Greenhouse Gasses and State Policy : A Frequently  Asked 
Questions Guide,” Institute f or Policy  Integrity , at pp. 26–27. 
44 TSD-16 at p. 3. 
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Time value of greenhouse gas model details 

Introduction 

The time value of greenhouse gases reflects the fact that a unit of carbon dioxide emitted today imposes higher 
damages as the same unit of carbon dioxide emitted one year from today. Discussed more fully below, discounting 
and the decreasing carbon intensity of the electricity generation grid drive this fact. 

Discounting As discussed above, models estimating the social cost of carbon predict that later emissions impose 
higher costs (in real terms) than earlier emissions. However, viewed from the perspective of the present day, future 
costs must be discounted to reflect the time-value of money. We illustrate this concept below in Figure A17. In 
particular, the figure shows the costs imposed by one metric ton (tonne) of carbon emitted in the year shown. The 
grey dotted series illustrates costs in the year of emission. The black solid series illustrates those same costs, but 
discounted back to present value (i.e. year 2020) terms. As the figure makes clear, while real costs may be 
increasing, from the perspective of the present, costs of future emissions decrease. This pattern is consistent 
across all four scenarios of the social cost of carbon presented by the IWG.  

Decreasing carbon intensity All else equal, one megawatt of electricity generated today produces the same 
amount of carbon dioxide emissions as one megawatt of electricity produced in the future. All else, however, is not 
equal. Policies mandate reductions in the carbon intensity of electricity generation, and evidence shows that CO2 
emissions per megawatt hour generated have been falling over time. As this trend continues, one megawatt of 
electricity generated in the future will emit fewer tonnes of CO2 than that same megawatt generated today, 
implying lower future damages. 
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Figure - A17: In present value terms, climate damages due to future emissions have a lower impact that climate 
damages due to near-term emissions.  

 

Modeling approach 

Our modeling approach involves the following steps, which reflect the two components of the time value of 
greenhouse gases discussed above. First, we input avoided emissions derived from planned electricity savings 
due to various energy efficiency scenarios (discussed further below). We assume all savings begin in 2020, and 
extend our analysis over the full lifetime of savings in each scenario (note that no savings extend beyond 2050). 
Second, we translate annual electricity savings in MWh to annual avoided carbon dioxide emissions using 
regionally specific carbon intensity factors derived from marginal emissions rates. In addition, we make state-
specific assumptions regarding the reduction in carbon intensity over time. Third, we translate avoided emissions 
into avoided damages using estimates of the social cost of carbon, discussed above.  

The IWG presents four times series of estimates of the social cost of carbon. In our analysis, we select the set of 
estimates reflecting the “3 percent average,” which is derived using the average value of estimates across the 
distribution of estimates and a 3 percent discount rate. The IWG provides estimates in 2020, 2025, 2030, 2035, 
2040, 2045, and 2050. For estimating social costs in between those years, we follow the IWG’s approach of linear 
interpolation. The estimates provided by the IWG are converted from 2007 to 2020 dollars using the CPI for All 
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Urban Consumers reported by the United States Bureau of Labor Statistics.45 Since we use the IWG’s 3 percent 
average estimates, we convert damage estimates beyond 2020 to 2020 dollars by applying a 3 percent discount 
rate. The result is an estimate of the 2020 dollars of damage per one tonne of carbon dioxide from 2020 to 2050. 
We multiply this ratio by the avoided emissions in each year to derive our estimates of the avoided damages due 
to the energy efficiency scenario. 

General approach to developing energy efficiency scenarios 

We derive the structural and behavioral energy efficiency scenarios from planned participation, planned savings, 
and estimated budgets reported by the selected utility in its most recent program filing with its state public service 
commission. Scenarios in each state reflect the specific utility’s planning cycle, e.g. two years in Michigan, three 
years in Massachusetts, and four years in Illinois. 

Because states do not share common planning cycles, the first year of the most recent planning cycle in one state 
does not necessarily equal the first year of the most recent planning cycle in another. We enforce consistency 
across each state by modeling scenarios as if the most recent planning scenario begins in 2020. Thus, if a utility’s 
most recent planning scenario runs from 2019 through 2021, we shift these savings up one year so that the 
savings begin in 2020. We do the same for participation and budget, ensuring that all dollars are converted 2020 
dollars.46 

To develop energy efficiency scenarios, we combine planned annual electricity savings with the estimated 
measure life (or for utilities for which we could not locate measure level data, a weighted average measure life for 
the program under consideration) to build the lifetime savings for that measure. We then aggregate across all 
measures in the program to construct the overall energy savings profile for that program. 

Consider the following simplified example of a structural program implemented over a two-year planning cycle. 
This fictitious program has two measures; wall insulation and energy efficient LED’s. The hypothetical data indicate 
that total annual savings from all those participants undertaking wall insulation amounts to 100 MWh in each year, 
with lifetime savings of 2000 MWh. Thus, the measure life equals 20 years (2000 / 100 = 20). The data further 
indicate that total annual savings from all those participants installing energy efficient LED’s amounts to 50 MWh, 
with lifetime savings of 500 MWh. Thus, the measure life equals 10 years (500 / 50 = 10). Thus, in each year of the 
planning cycle, for the first 10 years, the program savings 150 MWh, while in the second 10 years, the program 
savings 100 MWh. Since the program planning cycle last two years, the full scenario, which would begin in 2020, 
would run as indicated in the third column of the following table: 

 
                                                             

45 See https://www.bls.gov /data/. We use the January  2007 index of  202.416 and the January  2020 index of  257.971. 
46 Not all utilities specif y  whether budgets are reported in real or nominal dollars. Where lef t unspecif ied, we hav e assumed that dollars are 
nominal, and applied the appropriate adjustment f or inf lation using the CPI f or All Urban Consumers. 
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Table - A6 

 

 

planning year 1 planning year 2 Scenario
[A] [B] [A] + [B]

2020 150 150
2021 150 150 300
2022 150 150 300
2023 150 150 300
2024 150 150 300
2025 150 150 300
2026 150 150 300
2027 150 150 300
2028 150 150 300
2029 150 150 300
2030 100 150 250
2031 100 100 200
2032 100 100 200
2033 100 100 200
2034 100 100 200
2035 100 100 200
2036 100 100 200
2037 100 100 200
2038 100 100 200
2039 100 100 200
2040 100 100 200
2041 100 100
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State specific assumptions and parameters: 

Table - A7 

 

  

Program Descriptions Carbon intensity Decline in carbon intensity

Utility Structural Behavioral
Program 

Years Value Unit Source Rate Source

Illinois Commonwealth 
Edison

Residential HVAC 
& Weatherization HER 2018-2021 0.996

tonne 
CO2/MWh IL TRM 3% Assumption

Maryland Baltimore Gas and 
Electric

Home 
Performance with 
Energy Star

Smart Energy 
Manager 2018-2020 0.386

tonne 
CO2/MWh PJM 4%

Average change in emission 
rate reported by PJM from 
2015-2019

Massachusetts
(with and without 
lighting)

National Grid
Residential 
Coordinated 
Delivery

HER 2019-2021 0.297
tonne 

CO2/MWh ISO-NE 3%
Approximate average change in 
emission rate reported by ISO-
NE from 2009-2017

New York Consolidated 
Edison -

Residential 
Home Energy 
Reports

2019-2020 0.5
tonne 

CO2/MWh
NY Dash-
board data 3% Assumption
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Sources 
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Appendix 3 
A Note About Measures Included in Structural Energy 
Efficiency Programs  

As noted throughout the report, there is no specific, “standard” structural energy efficiency program.  While there 
are similarities across states, they differ in terms of customer acquisition, incentives, and measures involved.  And 
while we discuss SEE programs in terms of having longer EULs, in reality a significant portion of the savings and 
participation achieved by SEE programs come not from the longer EUL measures - such as building shell 
improvements and HVAC upgrades, but from the initial energy audit and from measures with shorter measure 
lives, such as lighting and appliances. In addition, as lighting and appliances become increasingly more efficient 
and reach a far greater portion of the customer base than the longer EUL measures, these pieces of the SEE 
programs may be phased out, or their baselines for savings adjusted upwards.  

To draw out how this affects SEE program results, we compared results with and without the lighting measures 
included in the Massachusetts National Grid SEE program (see below).  The analysis shows that when lighting 
measures are removed from the program, the differences between the BEE and SEE programs become more 
pronounced. Over time this will affect results by making SEE programs even more expensive to achieve GHG 
reductions, to the extent SEE programs evolve to a suite of products that do not include lighting or other 
appliances for which market transformation has made utility incentives unnecessary to drive customer choices.  

 Table - A8 

 

A portion of the savings for SEE programs often come from a home energy audit, performed as the first step of 
whole home (or deeper) retrofit. In Maryland, for example, approximately 73 percent of the participants in the 
Home Performance with Energy Star program stopped after completing the audit and direct install portion of the 

Summary Comparison of Structural and Behavioral Energy Efficiency Programs (through 2050)
National Grid - Massachusetts

Structural
Parameter with lighting without lighting Behavioral

Cumulative Electricity Savings (MWh) 523,622 323,321 227,246
Cumulative avoided CO2 emissions (tonnes) 131,083 75,007 65,411

Cumulative avoided climate damages $6,631,019 $3,689,764 $3,464,562
Number of Participants 76,957 76,957 705,000

Cost per tonne CO2 avoided $1,154.26 $1,541.59 $287.17
Cost per dollar of avoided climate damage $22.82 $31.34 $5.42

Notes:
[1] Costs represent total resource costs in $2020.
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program.47 This means that much of the savings for the SEE program come from the audit and direct install 
measures (some of which have long effective useful lives). 

 

 
                                                             

47 See 2018 Year-End EmPOWER Mary land Report of  the Baltimore Gas and Electric Company , at p. 20, av ailable under Mary land’s Public 
Serv ice Commission’s docket search, case number 9494, https://www.psc.state.md.us/. 

https://www.psc.state.md.us/
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