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Consumer Benefits of Clean Energy: Energy Efficiency

Natalie Mims Frick, Sean Murphy, Dimitra Cappers and Portia Awuah, Lawrence Berkeley
National Laboratory

This paper is an overview of a series reports on Consumer Benefits of Clean Energy.

Clean energy offers many benefits to consumers, including reducing consumers’ electricity bills,
lowering total electricity system costs, and providing health and resilience benefits. States can accelerate
consumers' access to these benefits with policies that support energy efficiency, demand flexibility,
renewable energy and storage. Berkeley Lab developed a series of briefs that explore these consumer
benefits of clean energy, and identify actions states can take to promote them.

1. Contribute to a least-cost electricity system by using low-cost resources such as end-use

efficiency, demand flexibility, behind-the-meter solar PV and storage, and utility-scale
renewable energy.

2. Greenhouse gas emissions reductions and improved outdoor air quality from consumers
shifting their home energy consumption from direct combustion of natural gas to efficient
electric appliances, taking into account increased electricity generation due to demand growth.

3. Improved resilience of homes to grid outages due to installation of BTM solar PV coupled with
storage.

Together, these briefs highlight how investments in clean energy technologies can provide benefits to all
electricity system customers - not just those who invest in these technologies for their homes. The
series also outlines options that state policymakers can pursue to facilitate the beneficial outcomes
discussed.

Download the reports here.

This brief builds on prior analysis from Berkeley Lab’s Cost of Saved Energy database. We show that
energy efficiency remains a low-cost energy and capacity resource; the levelized cost of saving energy for
the programs included in the analysis is $0.02 /kilowatt-hour and the cost of saving peak demand is less
$120/kilowatt. Understanding the impact of the program mix, portfolio size, and duration of
implementation for customer-funded energy efficiency portfolios can guide regulatory oversight of these
programs, help utilities better utilize energy efficiency as a resource, and inform building energy

decarbonization policies. The brief concludes with actions states can take to capture consumer benefits
of clean energy.

Energy efficiency can reduce both annual energy consumption and peak demand for electric power
systems, and there is increased interest in the ability of efficiency to reduce peak demand. This interest is
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driven by: (1) state-level policy drivers, (2) design of centrally organized wholesale energy and capacity
markets, and (3) adoption of distributed energy resources and their impact on distribution system needs,
as well as on the bulk power system. With the increasing need for a more flexible and resilient electricity
system, as well as changing generation costs, utilities and other efficiency program administrators must
account for all the characteristics of efficiency programs — including peak demand reduction — to ensure a
reliable system at the most affordable cost.

In this study, we collected data on costs, energy savings, and peak demand savings for electricity efficiency
programs from 64 investor-owned utilities and other program administratorsin 21 states for 2021 (Figure
1). We selected a single year for the analysis due to the anomalies that COVID-19 created in the 2020 data,
recognizing that some of the program implementation impacts may have carried into 2021. Prior work by
Berkeley Lab? explores the cost of saved energy and peak demand from 2009-2018 (Frick et al 2021a). As
in our prior analysis, we characterize the cost of saved electricity (CSE) and peak demand (CSPD) from the
economic perspective of a utility (program administrator) by amortizing the cost of the efficiency programs
over the expected lifetime of the installed measures. Together, these program administrators account for
36% of U.S retail electricity sales (Energy Information Administration 2021). The electricity savings values
we use in this analysis are ex-ante estimates of gross savings claimed by program administrators. They do
not include the results of any evaluation, measurement, and verification activities that occur following the
initial claims.

The program administrator CSE and CSPD are each calculated based on the costs incurred by program
administrators for individual programs. This means the results cannot be combined because it would
double the program cost. Each metric must be considered separately. This levelized cost of electricity and
peak demand allows us to compare the cost energy efficiency program investments to those of generation
assets.

" Berkeley Lab’s cost of saved energy work is available at: https://emp.Ibl.gov/projects/what-it-costs-save-energy
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Figure 1. States with energy efficiency program administrators included in analysis

Approach

We used the same approach to calculating the CSE (Equation 1) and CSPD (Equation 2) as in previous
Berkeley Lab research (Frick et al 2021a). We used a 6 percent real discount rate as an approximation of
the weighted-average cost of capital for an investor-owned electric utility.2 We adjusted to 2022 dollars
program spending that was reported in nominal dollars. We used gross savings to calculate the program
administrator CSE and CSPD, primarily because net savings are not universally reported or uniformly
defined.3 As in previous Berkeley Lab CSE and CSPD reports, when we reported the CSE and CSPD at the
portfolio level, we included costs of cross-cutting programs (e.g., spending in such areas as market research
and planning, and programs that reported costs but not savings).

Equation 1:

Program Administrator Levelized Cost of Saving Electricity =

Capital Recovery Factor * Program Administrator Costs
Annual Electricity Savings (in kWh)

where the Capital Recovery Factor (CRF) is:
r (1 + r)N
CRF =—F—

N

(1+r)" =1

r= the discount rate

N=  estimated program lifetime in years and calculated as the savings-weighted lifetime
of measures or actions installed by participating customers in a program.

We also calculated the lifetime levelized program administrator CSPD in constant 2022 dollars per kilowatt
saved (Equation 2). The CSPD for efficiency is the cost of achieving peak demand savings in the over the
expected lifetime of the peak demand savings.

Equation 2:

Program Administrator Levelized Cost of Saving Peak Demand =

Capital Recovery Factor * Program Administrator Costs ($)

2\We use a real discount rate because inflation already is accounted for in the use of constant dollars (2022$). Our real
discount rate is a proxy for a nominal rate in the range of 7.5 to 9 percent, typical values for a utility weighted-average cost of
capital (WACC). A utility WACC is the average of the cost of payments on the utility’s debt (bonds) and its equity (stock),
weighted by the relative share of each in the utility’s funds available for capital investment. The utility WACC is often used by
investor-owned utilities in their economic screening of efficiency programs.

3 In addition, inconsistencies in defining and estimating net savings add more uncertainty to those already embedded in
estimates of energy savings and peak demand impacts. See Billingsley et al. (2014) and Goldman et al. (2018) for a more in-
depth discussion of our rationale for using gross savings estimates.
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Annual Peak Demand Savings (kW)

Results

The savings-weighted, levelized average CSE is $0.021/kilowatt-hours (kWh), and CSPD is $120/kW.
Across the 21 states included in this study, the levelized CSE ranges from $0.01 to $0.11, and the levelized
CSPD values range from ~$50/kW to ~$1300/kW . In Figure 2, we show the levelized CSE and CSPD by
market sector and Census region in 2022 dollars. The levelized CSE and CSPD varies more between market
sectors than between Census regions. In particular, programs that serve residential and commercial and
industrial (C&I) customers have similar CSE and CSPD.

In contrast, the cost of low-income programs is much higher due to program designs that often cover the
full cost of energy efficiency measures. Additionally, cross-cutting programs, which serve multiple market
sectors, have the lowest cost, largely as a result of codes and standards programs that operate in California.
These programs also drive down the cost of saved electricity and peak demand in the West. Differences in
labor costs and program scale may also explain the observed regional variation (Murphy and Frick 2023).
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Figure 2. Cost of saved electricity and peak demand by market sector and Census region

Due in part to the codes and standards programs and low-cost residential and commercial energy
efficiency programs, program administrators acquired slightly more than half of their 2021 annual energy
savings and peak demand reductions for less than $0.015/kWh and $90/kW respectively. While some
programs do provide energy and demand reduction at much higher costs, they comprise a small share of
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energy efficiency portfolios. Three program types accounted for 44% of reported annual electricity savings
and 40% of reported annual peak demand savings in 2021: codes and standards, C&I custom, and
residential lighting.

When compared to electricity generation, these energy efficiency programs stand out as a least-cost
resource. About 80% of energy savings and demand reductions cost less than $0.035/kWh and $150/kW
(Figure 3) which is less than the lowest levelized generation costs reported by Lazard ($27/MWh utility
onshore wind, Figure 4).
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Levelized Cost of Energy Comparison—Version 17.0

Selected renewable energy generation technologies remain cost-competitive with conventional generation technologies under certain circumstances
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Figure 4. Levelized Cost of Energy (Lazard 2024).

State Actions to Promote Energy Efficiency

Energy efficiency can generate benefit for all electricity customers by reducing energy usage and
peak demand. In many states, utilities conduct bulk power system planning to identify an optimal
portfolio of resources to meet future electricity needs and policy and regulatory requirements. Best
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practices consider cost, risk, and uncertainty and include both supply- and demand-side resources—
energy efficiency, demand response, distributed generation and storage, microgrids and managed
electric vehicle charging (Biewald et al. forthcoming). Energy efficiency, from traditional measures to
more time- and location-sensitive approaches, provides important grid benefits for bulk power and
distribution systems. Among the many benefits of energy efficiency, it may:

e Reduce the cost and economic risk of meeting consumer needs for energy services

e Beacquired across a wide and nearly continuous range of costs

e Provide both energy and peak demand savings

e Be developed in quantities that more closely align with resource needs and reduce the risk of
overbuilding the electricity system in the short-term

e Defer or reduce investments in distribution and transmission infrastructure and the need to
acquire additional ancillary services (e.g., reserves)

e Beused to support many objectives, including reliability and resilience of the power grid, reduced
electricity cost, energy efficiency targets, and lower air pollutant emissions

e Reduce the risk of a portfolio of resource options because it is not subject to fuel or market price

risks, and does not emit air pollutants that may be subject to future regulatory changes (Frick et al.
2021Db).

Based on Berkeley Lab’s analysis on the cost of saved energy and peak demand, efficiency remains a low-
cost resource that can reduce the need to acquire more expensive generation (Figure 3). For example, in
PacifiCorp’s 2023 integrated resource plan update, where energy efficiency competes with new generation
and wholesale market purchases, the preferred portfolio includes almost 5,000 megawatts of cost-effective

energy efficiency during the planning period (in addition to approximately 1,000 megawatts from demand
response) (PacifiCorp 2024).
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Figure 5. PacifiCorp 2023 Integrated Resource Plan Preferred Portfolio (PacifiCorp 2024)

By reducing load growth and peak demand, energy efficiency can also defer or avoid transmission
and distribution system investments (Frick et al. 2021c). For example, Bonneville Power
Administration (BPA) avoided building a $1 billon transmission project in 2017 (Potter et al. 2018).
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BPA used energy efficiency and demand response to reduce generation south of the transmission
constraint and bilateral contracts to provide additional generation north of the transmission need.
The non-wires solution avoided building 79 miles of 500 kilovolt transmission lines. Similarly, in
New York Commonwealth Edison deferred a $1 billion distribution system investment with a mix of
customer and supply side resources, including energy efficiency. The Brooklyn Queens Demand
Management project began in 2014, and has achieved 61 megawatts of demand reduction, at a cost of
approximately $130 million (Figure 6) (ConEd 2024). Residential and multi-family energy efficiency
programs have contributed more than 10 megawatts of demand reduction since the project began.
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Figure 6. Hourly Load Profile of Operational Brooklyn Queens Demand Management Customer-Side
Solutions and Non-Traditional Utility-Side Solutions (ConEd 2024).

Importantly, the benefits accrue to all electricity customers, not just those who invest in energy
efficiency. Some example actions states can take capture these benefits are grouped below into three
categories: policy, planning and programs.

Policy
e Develop or refine utility performance incentives to remove disincentives to investing in
efficiency and other DERs (Schwartz et al. 2021)
e Encourage or require utilities to procure all cost-effective energy efficiency (Long et al.
forthcoming)

o Establish or refine energy efficiency program goals to prioritize peak demand reductions
(Schwartz et al. 2021)

e Develop grid planning objectives and goals that include energy efficiency as a resource (Schwartz
etal. 2024a)*

e Consider performance based regulation to align utility performance with state goals (Satchwell and

Hledik 2022)

Planning
e Establish or improve grid planning processes, such as distribution system and integrated
resource planning (Schwartz et al. forthcoming, Biewald et al. forthcoming)

4 See Berkeley Lab's compilation of state distribution planning requirements, as well as training materials and publications on
the Integrated Distribution System Planning website.
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e Provide guidance to utilities about modeling and analyzing demand side resources (e.g.,
energy efficiency, demand flexibility, solar PV and storage) in grid planning to support
development of a least-cost portfolio, such as:

o Model DERs, including energy efficiency and demand response on par with other
resources, allowing for consideration of the interaction between DERs, and between DERs
and other resources, to identify a least cost, reliable electricity portfolio (as shown in the
Figure 5) (Frick et al. 2021b, Carvallo and Schwartz 2023)

o Consider all DER benefits and costs in planning analyses, including the time and
locational value of DERs as non-wires alternatives for load relief, voltage support and
reducing outages (Frick et al. 2021c)

o Model aggregated DERs or virtual power plants to evaluate the capability of the resources
to meet grid needs (Downing et al. 2023)

Programs
e Develop financial programs to maximize efficiency savings, including on-bill financing and
revolving load funds (Deason et al. 2024, Pitkin et al. 2024)
e Consider braiding funding from IIJA and IRA with utility efficiency program offerings or
refocusing utility program measures (Malinowski et al. 2023)
o Pilot or implement full-scale geotargeted energy efficiency programs to defer or avoid
location specific grid investments (Schwartz et al. forthcoming)
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