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This paper investigates the potential to achieve electricity efficiency improvements in US residences through public
policies—specifically, appliance efficiency standards, utility demand-side management programs, and building
energy-efficiency standards. This study is unique among achievable potential estimates both in its end-use technol-
ogy detail and comprehensive treatment of residential energy-efficiency policies at the national level. The resulting
methodology is well-documented and addresses shortcomings of standard technical potential analyses, thus yielding
valuable information for program designers and policy-makers.

This study builds upon the most extensive database of residential energy efficient technologies yet developed. The
savings potential and cost for each efficiency measure in this database are modified to reflect the expected results
of new policies implemented between 1990 and 2010. The technical potential modifications are: the market pene-
tration of efficiency measures, the costs of administering policies, and adjustments to the technical potential esti-
mates to reflect empirical energy savings and costs (accounting for factors such as takeback, measure persistence,
and inaccurate engineering estimates). Including the effect of all adjustment factors, new policies can achieve 45%
of the technical potential electricity savings during the period 1990 to 2010, or 18% of the frozen-efficiency base-
line electricity consumption forecast for the year 2010.

Introduction

Many analyses over the past
that current technologies can

two decades have estimated
save substantial amounts of

energy at less cost than producing that energy—ranging
from 15 to 70% of the consumption that would take place
without efficient technologies (Rosenfeld et al. 1993,
Komor & Moyad 1992)1 Thus, in theory the cost-effective
potential to save energy is substantial. In practice, how-
ever, experience shows that market forces and public poli-
cies to promote energy efficiency cannot achieve the entire
potential. The fundamental question is: given the mixed
success of energy-efficiency policies and the real-world
constraints on future efficiency improvements, how much
of the savings potential can be realized? This paper
addresses this question by estimating the achievable poten-
tial for electricity efficiency improvements in US
residences.

This study builds on a previous estimate of the technical
potential for electricity efficiency improvements in the US
residential sector (Koomey et al. 1991). That study
assembled a database containing cost and performance
data for each efficiency measure. The current achievable
potential study uses this technology database but modifies
the savings potential and cost for each measure to reflect

expected policy results. Factors included
cations are: 1) the market penetration of

in these modifi-
efficiency meas-

ures, 2) the costs of administering policies, and 3) adjust-
ments to the technical potential savings estimates reflecting
the experience of measures implemented in the past. This
study considers three classes of policies: 1) appliance
efficiency standards, 2) utility demand-side management
(DSM) programs, and 3) building energy-efficiency stan-
dards. Due to the broad assumptions required, this study
is not an attempt to definitively quantify the achievable
potential. Rather, it is an exploration of the factors
influencing the achievable potential and an estimate of the
potential using representative values for those factors.

Background

Supply curves of conserved energy are a method of esti-
mating the minimum possible future energy consumption.
The supply curves of conserved energy method has two
principal features. First, by sequencing the efficiency
measures, this method avoids double-counting energy
savings for multiple measures applied to the same building
or appliance (such as thermal shell upgrades and HVAC
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equipment replacement). Second, the supply curves
method uses the cost of conserved energy (CCE) to order
the measures by cost-effectiveness. An advantage of the
CCE method is that the price of electricity is exogenous to
the calculation, thus allowing simple evaluation of meas-
ures under different energy price assumptions. More
details on the supply curve methodology are provided by
Meier et al. (1983).

US Residential Technical Potential

The achievable potential presented in this paper is based
on a previous study that estimated the technical potential
for electricity efficiency improvements in the US residen-
tial sector by 2010 (Koomey et al. 1991). The savings
potential was measured relative to a frozen efficiency
baseline, in which natural stock turnover still takes place
but efficiencies do not improve beyond the average for
new units purchased in 1990. The frozen efficiency base-
line consumption in 2010 is estimated to be 1019 TWh.
The study concluded that by 2010, annual residential
electricity consumption could be reduced by 404 TWh
(40% of baseline consumption) by fully implementing all
measures that cost less than the 1990 national average
residential retail price of electricity (7.8 ¢/kWh). The
study used the average investor-owned utility real cost of
capital (7% real discount rate) to calculate costs of
conserved energy. The results incorporate physical con-
straints such as stock turnover rates and production phase-
in limits for new technologies.

Policy Overview

This study evaluates three types of policies—appliance
standards, utility demand-side management programs, and
building standards. These are the primary policies that
have been enacted, or actively considered, to address
failures on the demand-side of the residential energy
market. Additional policies, such as information cam-
paigns, are not explicitly treated in this study because
their effects are difficult to quantify; instead, they are
assumed to be an integral part of the policies analyzed in
this study.

The interaction between policies can significantly change
the magnitude and cost of energy savings. There are many
ways in which these interactions can occur; two specific
interactions are considered in this study. First, utility
programs often serve as vehicles for accelerating the
development and adoption of new technologies, in turn
accelerating the time at which those technologies can be
incorporated into appliance standards. Second, appliance
standards are often used as the basis from which incre-
mental efficiency levels are given rebates in utility
programs.

Methodology

In this study, policy impacts are modeled as modifications
to the technical potential study discussed previously. The
modifications involve four steps applied to each measure
in the database. The first step is to determine the type of
policy(ies) that will be used to encourage adoption of the
efficient technology. Second, by drawing on empirical
data about the effectiveness of past and current policies, I
estimate an expected market penetration of the measure as
a result of policies. Third, I recalculate the cost of the
measure to include the assumed costs of implementing the
policies. Fourth, I adjust the measure’s expected energy
savings to account for empirically observed conditions the
measure will experience in actual use (such as post-
measure changes in equipment usage).

Several formal models have been developed to estimate
market penetration, as summarized by Kendall and Cates
(1991). Generally, the data requirements for these models
are impractical for a national level study such as this.
Moreover, the parameters used in these models are often
based on analyst’s judgment of the adoption rate and
ultimate penetration of a technology, and the model serves
simply to formalize the judgment process. Therefore, this
study dispenses with a formal model of market penetra-
tion. Instead, I use representative values for the rate of
adoption and ultimate penetration of each policy, based on
analogies to past policies where possible. The “first
principles” of market penetration are the assumed annual
rate of penetration for a specific program, and the starting
and ending dates of policies. These inputs, combined with
information about the rate of turnover and additions to the
stock, permit estimation of the cumulative market penetra-
tion by the end of the study period (2010).

Market Penetration Examples

Each efficiency measure is promoted through two main
policies: (1) the appropriate type of standard (either
building or appliance, depending on the end-use), and
(2) a utility program lasting from 1990 until the standard
becomes effective. In some cases the utility program is
omitted because the standard becomes effective early
enough in the study that a utility program would have a
negligible impact. For the utility programs I assume an
annual penetration rate, defined as the fraction of new
purchases or existing stock that is upgraded to more
efficient equipment in a given year. A ramp-up period of
one to five years, during which the program gradually
becomes fully operational, precedes this steady-state
penetration rate. Detailed market penetration results for
each end-use are documented by Brown (1993).
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Building Codes and Utility Programs for Space future) for all appliances is shown in Table 2. The
Conditioning. Table 1 shows the adoption of the beginning dates of appliance standards are based on
ASHRAE 90.2 and advanced ASHRAE standards over the information about the DOE appliance standard review
course of the study period, along with utility programs to cycle from the Lawrence Berkeley Laboratory Energy
promote more efficient new construction. Conservation Policy Group.2

Appliance Standards. The assumed schedule of Utility Programs for Non-Space Conditioning
federal energy-efficiency standards (both current and End-Uses. In this study, utility programs, due to their
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inherent flexibility, are assumed to target those end-uses study. The most useful sources of data for estimating

674
262

966
338
501
694
350

and measures not covered by building or appliance stan- market penetration of well-run utility programs are two
dards. Some end-uses, such as lighting, are affected previous achievable potential studies conducted for
almost exclusively by utility programs. Table 3 shows the Michigan (Krause et al. 1988) and New York (Nadel and
utility program market penetration estimates used in this Tress 1990).
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Proaram Costs without the program, but took advantage of the program

Program costs are the “overhead” costs to administer
programs, set energy-efficiency levels for standards, select
technologies eligible for rebates, find participants for
DSM programs, and conduct all the other administrative
activities that ensure a successful policy. The program
costs have been calculated at a detailed level for each
measure, using data from Nadel and Tress (1990), Krause
et al. (1988), and Berry (1991). These program costs are
summarized in Table 4.

Another component of utility program costs are “free
riders” - people who would have adopted the technology

to subsidize their investment. Free riders increase program
costs per TWh of energy savings because the total pro-
gram cost is allocated over a smaller amount of savings
directly attributable to the program. Despite the inherent
inaccuracy in free ridership estimates (Vine 1992), these
figures are intended to serve as representative values.

Adjustments to Technical Potential

Several factors have been used to adjust the technical
potential estimate of energy savings: 1) calibration of
engineering estimates to measured data, 2) the takeback
effect, and 3) savings persistence. Engineering estimate
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use the equipment more intensively, thereby “taking back”
the energy savings in the form of increased energy ser-
vices. Savings persistence accounts for the fact that the
efficiency of physical devices degrades over time, or in
some cases may be rendered inoperable by the building
occupants. In this study, each of these the adjustment
factors has been estimated separately by end-use because
each differs in equipment, operating conditions, and
behavioral effects, as shown in Table 5.

Results

After applying the market penetration and adjustment
factors discussed previously, the resulting achievable

adjustments calibrate estimated energy savings to account
for inaccurate assumptions or analysis methods. To date,

potential supply curve is presented graphically in Figure 1
(labeled “Best Estimate Achievable Potential”). These

the empirical results from Nadel and Keating (1991) pro- results show that approximately 185 TWh (0.63 site
vide the best summary of these factors. I use these esti- Quads) of annual electricity savings can be achieved by
mates as a rough guideline to the magnitude of adjustment 2010, which is 45% of the technical potential and 18% of
required. The takeback effect is a phenomenon in which the frozen efficiency baseline consumption forecast for
increasing the efficiency of energy-using capital equipment that year. Figure 1 also shows the effect as each factor is
saves less energy than expected because consumers simply
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Figure 1. Impact of Technical Potential Adjustment Factors. The series of supply curves illustrates how achievable
potential changes with the sequential addition of technical potential ajustment factors.

sequentially added to the calculation. The order in which
factors are applied (progressing from the right to the left
in the diagram) are: 1) technical potential, 2) market
penetration, 3) program costs, 4) engineering estimate
adjustment, 5) savings takeback, and 6) measure persis-
tence. Two observations can be made from these curves.
First, approximately two-thirds of the difference between
the technical and achievable potential is due to market
penetration alone. Second, program costs (the smallest
dotted line) have essentially no effect on achievable
potential, and are a smaller effect than the technical
potential adjustment factors.

The achievable potential also shows interesting trends
when aggregated by end-use. Table 6 summarizes the
achievable potential energy savings by end-use and also
the fraction of savings due to each type of policy. The
breakdown of savings for the various policies is: 60% of
the achievable potential is due to appliance standards, 33%
due to utility programs, and 7% due to building standards.
Building standards account for only a small fraction of the
savings because new construction is only a small fraction
of the total building stock and ASH RAE 90.2 is only a
small improvement over current construction practices
(which are accounted for in the baseline).

Conclusion

Two caveats apply to the results presented here, First, the
achievable potential is not the likely level of energy-
efficiency improvements, but rather the savings we can
achieve through a concerted effort to institute energy-
efficiency policies. Second, the savings potential presented
here includes representative values for the technical poten-
tial adjustment factors, based on empirical data where
possible. A more accurate assessment of achievable poten-
tial will require more comprehensive empirical data on the
effects and costs of policies. In particular, the costs of
standards and the market penetration of utility programs
are two areas in which generalized empirical results are
needed.

This paper has developed estimates of the achievable
potential for electricity efficiency improvements in the US
residential sector as a result of three policies: appliance
standards, utility DSM programs, and building standards.
This study adjusted the technical potential in three ways:
1) added market penetrations; 2) added program adminis-
tration costs; and 3) adjusted the technical potential energy
savings to account for deviations between engineering
estimates and observed energy savings. The results show
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that by 2010 these policies can achieve approximately Acknowledgments
40% of the technical potential, or 185 TWh of electricity
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Endnotes

1. The results are heavily dependent on assumptions such
as the baseline consumption from which savings are
measured. The majority of these estimates lie in the
range of 30% to 50% savings.

2. Note that the standard levels for advanced options are
based on judgement and do not represent DOE policy
on actual future standards.
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