
Chapter 1

Energy Use in Buildings:
Past, Present, and Future

Box I-A--Chapter Summary

Energy issues are of continuing policy concern, due to the crucial role played by
energy in environmental quality, economic vitality, and national security. In recent reports
OTA has suggested that energy efficiency is a critical component of a comprehensive policy
framework to further these issues. This report addresses energy use and efficiency in U.S.
buildings, which account for over one-third of U.S. energy consumption.

Energy use in buildings has grown in the last 20 years. Sheer increases in numbers
underlie much of this growth-more people, more households, and more oftices. Increased
service demand—--more air conditioning, more computers, larger houses----has contributed
as well. However the application of improved technology has moderated this growth.
Energy efficient building shells, appliances, and building designs have lowered energy
intensity in residences (energy use per household per year) and stabilized energy intensity
in the commercial sector (energy use per square foot per year).

Building energy use in the future will be driven by technological change but will be
influenced by other factors as well, including population and economic growth, changes in
household six, changes in lifestyle, and migration patterns. The complexity and
interactions of these factors make it difficult to predict accurately future levels of building
energy use, however OTA estimates that, in a “business-as-usual” scenario (that is,
assuming no policy change), building energy use will continue to grow at a moderate pace,
reaching roughly 42 quads by 2015. An alternative perspective, assuming all energy
efficient technologies with a positive net present value to the consumer are implemented,
suggests that building energy use could actually decrease to 28 quads by 2015. Although
predicted savings estimates are extremely uncertain, there is general agreement that the
technical and economic potential for savings is considerable.
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Chapter 1

Energy Use in Buildings: Past, Present, and Future

INTRODUCTION:
THE POLICY CONTEXT

Recent events have once again brought energy
issues to the forefront of national policy debate. In
1991 the Persian Gulf War and its effects on world
oil markets seized world attention. The same year,
the administration released a National Energy Strat-
egy, l and numerous legislative options are being
considered by Congress in its wake. This renewed
interest in energy, however, is different from the
prevailing concerns of the 1970s when fears about
oil price and availability were triggered by the major
oil supply disruptions of 1973 and 1979.

In the 1990s, concerns about U.S. energy produc-
tion and use are broader, longer term, and more
complex. 2 In 1990, prior to the Persian Gulf War,
pressing energy concerns related to environmental
quality-including regional issues of urban air
quality, acid rain, and nuclear waste, as well as
global issues such as the role of fossil fuels in
climate change. Indeed, the Clean Air Act Amend-
ments of 1990 are among the most significant
energy-related national legislation in recent years.

The Persian Gulf War returned energy security to
the national policy agenda after a decade of absence,
but even the nature of energy security concerns has
changed.3 Concerns about U.S. reliance on imported
oil, which has risen steadily from 22 percent of total
oil use in 1970 to 42 percent in 1990 and is expected
to rise to 62 percent by2010,4 has as much to do with
the role of oil imports in the U.S. trade deficit as with

the concerns over supply reliability or price volatil-
ity.

The role of energy in economic production is also
changing as the structure of the U.S. economy
changes. For many years, the conventional wisdom
held that energy use and gross domestic product
(GDP) were immutably linked, moving in lock step.
We learned from the energy shocks of the 1970s,
however, that ingenuity and innovation can substi-
tute for energy supply when the price is right. When
energy prices rise, people respond over time by
shifting their market basket of purchases and by
developing more efficient ways to provide energy
services. The energy consumed per unit of GDP fell
2,4 percent per year between 1972 and 1985, mostly
due to improved energy efficiency (figure 1-1).5 This
steady drop in energy intensity also reflects chang-
ing patterns of consumer demand, a shifting balance
of imports and exports for both energy and non-
energy goods, and a changing market basket of
goods produced and consumed in the United States.

Understanding these trends is essential to grasp
the complex interdependence of energy with broader
national issues of economic vitality, national secu-
rity, and environmental quality.6 Indeed, a critical
lesson of the 1970s and 1980s is that energy policy
must integrate with these three issues, and in recent
reports OTA has suggested several policy goals that
address these issues, including limiting oil import
dependence, improving international competitive-
ness of U.S. goods and services, and addressing both

1 U.S. Department of Energy, NationaZ  Energy  Strategy: Powefil Ideusfor  America, 1st ed. (Washingto% DC: February 1991).
2 The changing nature of U.S. energy policy concerns is addressed in U.S. Congress, OffIce of Technology Assessment, Energy Technology Choices,

Shaping Our Future, OTA-E493  (Washington DC: U.S. Government Printing Office, July 1991).
3 Energy security and oil import issues are addressed in U.S. Congress, Office of ‘lkchnology  Assessment, U.S. Oil Zmport Vulnerability: The

Technicu/ Replacement Porenriaf,  OTA-E-503 (Washington, DC: U.S. Government Printing Office, October 1991).
4 Data arc total net imports of petroleum as a percent of total U.S. consumption. Historical data from U.S. Department of Energy, Energy Information

Administration ArmuaZ Energy Review 1990, DOE/EIA-0384(90) (Washington, DC: May 1991), p. 129. ForMast from U.S. Department of Energy,
Energy Information Adminis@ation,  AnnuaZ  Energy Outlook 1992, DOE/EIA-0383(92) (Washington, DC: January 1992), p. 3, reference case.

S About two-thirds of the reduction in energy use per unit of GDP was due to energy efficiency improvements, and the remaining one-third was due
to structural changes in the economy. U.S. Congress, Office of lkchnology  Assessment, Energy Use and rhe U.S. Economv,  OTA-BP-E-57 (Washington,
DC: U.S, Government Printing Office, June 1990).

6 ~ese relationships MC discuss~  h more dep~ in John H. Gibbons, Director, U.S. Congress, Office Of Technology Assessment,  “Ener8Y  PolicY
Context for the 1990s:  Considerations for a National Energy Strategy, ’ testimony before the House Committee on Energy and Commerce, Subcommitt&
on Energy and Power, Feb. 20, 1991; and Peter D. Blair, Program Manager, Energy and Materials Program, Office of Technology Assessment,
“Considerations for National Energy Policy, ” testimony before the House Committee on Banking, Finance, and Urban Affairs, Subcommittee on
Economic Stabilization, Oct. 17, 1991.

–13–



14 . Building Energy Efficiency

local and global environmental concerns.7 In virtu-
ally all of this work, energy efficiency is shown to
be a critical component of a comprehensive
policy to further these goals and is a focus of this
report. g

accounts for an increasing share of total U.S. energy
consumption: 27 percent in 1950, 33 percent in
1970, and 36 percent in 1990.9 At present, buildings
account for over 60 percent of all electricity used in
the United States and almost 40 percent of all natural
gas. 10 Otherr OTA reports, recently completed or in

preparation, address energy use and efficiency in
This report addresses energy use and effi-

ciency in U.S. buildings. Energy use in buildings

Figure I-l—Index of U.S. Energy Use, Gross Domestic Product (GDP), and Energy Intensity
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flat. After 1971, GDP continued to grow, but energy use stayed relatively constant, resulting in a decline in the energy intensity until 1986.
Due to an increase in energy use after 1985, the energy intensity stayed level from 1986 to 1988.

-.

SOURCE: U.S. Congress, Office of Technology Assessment, Energy Useandthe (J.S.  Economy, OTA-BP-E-57 (Washington, DC: U.S. Government Printing
Office, June 1990), p. 2.

7 ~ae ~~cy ~o~S we ~ddress~ ~ more de~ h U.S. Con@eSs,  Ofiice of lkchnology Assessment U.S. Oil Import Vulnerabiliv: The Technical
Replacement Potential, O“E4-E-503 (Washington DC: U.S. Government Printing OffIce, October 1991); and U.S. Congress, Office  of ‘IMmology
Assessment Energy Technology Choices: Shaping Our Future, OTA-E-493 (Washington DC: U.S. Government Printing Office, July 1991).

8 me god  of ~prol,~g enm~ efflciaw  Stas in pm horn a recognition that ener~ is used not for its ow tie but to supply CZImSY  ‘ ‘~i~s’

(e.g., lighting, heating, and transportation). Thinicm“ g interma of energy services, rather tbanordy energy supplies, provides acontextfor  understanding
the appropriate role of energy effkiency,  as eftlciency may be able to supply the needed services at a lower economic and environmental cost.

9 ~dus~  (37 Pement)  ~d ~gflation  (27 ~rc~t) a~ount  for ~ rest, Dam include energy losses in tie Wnvemion  and hZIIISIIIkSiOIl  Of
electricity. U.S. Department of Energy, Energy Information Adrninistratio% Annual Energy Review 1990, DOIYEL4-0384(90) (Washington DC: May
1991), p. 13.

10 ~id,, pp. 173, 215.
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other sectors of the economy, including the Federal
Government, l1 industry, transportation, and the role
of electric and gas utilities in efficiency .12

A recent OTA study has shown that the use of
cost-effective, commercially available technologies
could reduce total building energy use by about
one-third by 2015, relative to a‘ ‘business-as-usual’
baseline .13 The use of these technologies would save
money and in addition would reduce the environ-
mental damage associated with energy production.
However, the buildings sector presents some distinct
policy challenges for capturing these savings. For
example, buildings in the United States are techni-
cally complex; the building industry is decentralized
and fragmented; and buildings are subject to a mix
of Federal, State, and local requirements that can
frustrate or even discourage improvements in energy
efficiency. The nature of buildings, with occupants
that are often not owners, creates market imperfec-
tions that can be difficult to overcome. Finally, past
Federal efforts to improve building energy effi-
ciency have a mixed record, and tools for measure-
ment and evaluation of energy savings are imperfect.

This report assesses technologies for improv-
ing energy efficiency in buildings, discusses why
these technologies are not widely used, and offers
policy options for encouraging their use. Several
questions are explored:

●

●

●

●

●

How much energy could be saved through the
use of energy efficient technologies? (chapter
1)
What specific technologies are available, and
what are their cost and performance character-
istics? (chapter 2)
What prevents the widespread use of these
technologies? (chapter 3)
What policies have been used in the past to
encourage efficiency, and how well have they
worked? (chapter 4)
What policy options are available to the U.S.
Congress to encourage greater energy effi-
ciency? (chapter 5)

The remainder of this chapter discusses recent
trends in building energy use and the factors
affecting this use. The future of energy use in
buildings is then discussed from two perspectives:
the likely future of building energy use, and what
that future could be if energy efficient technologies
were used more widely.

ENERGY TRENDS AND
CHANGES SINCE 1970

Energy use in U.S. buildings has increased
steadily-from about 22 quadrillion British thermal
units (quads) in 1970 to about 30 quads in 1989.14

Several factors have contributed to this growth,
while others have acted to constrain it. Understand-
ing these factors illuminates the role of technology
in building energy use. (These factors also provide
some insight into the efficiency of U.S. buildings
relative to other countries-see box l-B.)

The Residential Sector

In 1989, residential buildings used 16.8 quads of
energy at a cost of $104 billion dollars15- the
majority in the form of electricity, followed by
natural gas and oil. Space heating is responsible for
almost half of total energy use, followed by water
heating, refrigerators and freezers, space cooling,
and lights (figure 1-2). In the last 20 years, residen-
tial energy use increased at an average annual rate of
about 1.2 percent (figure 1-3). More recently (1985-
89), this growth accelerated to an annual average
rate of 2.1 percent. The major factors contributing to
this growth include a growing population, shrinking
household size (people per household) leading to a
greater number of households, and increasing de-
mand for energy-intensive services such as air
conditioning (table l-l).

11 us. Conwess, Office of Tec~ology  ~sessmeng  Energy  Eficiency  in fhe  Federal Government: Government by Good Example?, OTA-E-492
(Washington, DC: U.S. Government Printing Office, February 1991).

12 Reports Covering  these other sectors are forthcoming.
13 us conwe~~,  offlcc of TeC~OIOgy Assessment,  c~angi~g By Degrees: ~tep~ TO Reduce Greenhouse Gases, OTA-O-482 ~tiShkgtO~ DC:

U.S. Government Printing Office, February 1991). This and other estimates of the savings potential are discussed in detail in this chapter.
14 so~cc 15 OTA 1 $)92, see app.  1-B.  A q~d is 1015 Btus, WOfi about $5.7  billion at today’s prices for energy used  h buildings.

15 sowce i5 o~ 1992,  s= app. I-B.  ~s includes  energy  us~ for space heating, space cooling, hot water heating, arid vdOUS apphICtX, but

excludes energy used for transportation. Throughout this report, electricity is converted to energy (Btu) units using a primary conversion factor that
includes generation losses. See app. 2-C for a discussion of energy conversion issues.
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Box 1-B—International Comparisons of Energy Efficiency in Buildings

International comparisons of Figure l-B-l—Residential Energy Use in Five Countries
energy use can be a useful way to MBtu/household-degree day-year Btu/sq. ft.-degree day-year
examine energy use and energy 35
efficiency, however care must be ~35
taken to-consider all the factors 30
that might account for differences
among countries. In the resi- 25
dential sector, for example, cli-
mate, household size, floor space, 20
indoor temperature, and appli-
ance saturation can all be as or 15
more important in determining
total household energy use than 10
the thermal properties of homes
or the efficiencies of their appli- 5
ances. l As  a result, simply calculat-
ing the average household energy 0

1

I 3 0

2 5

I 2 0

I 15

t
10

use among different nations will -

USA France West Italy Japan USA France West Italy Japan
not always provide a useful meas- Germany Germany
ure of relative efficiency.

= Energy per household m Energy per sq. ft.
A simple example illustrates

this point. After adjusting for The bars on the left show residential energy use per household, while the bars on the right

climatic differences, consump-
show residential energy use per square foot of living space. The effects of climatic
differences have been removed.

tion data indicate that the United NOTE: Includes losses associated with electricity generation.

States uses more energy per house- SOURCE: U.S. Department of Energy, Energy Information Administration, /r#&ators  of Energy
hold than France, Germany, Italy, f~f~emy:%/nternatiom/  Comparison, SR/EMEW90-02(Washington, DC:JuIy  1990), pp.

or Japan (see figure l-B-l),
-.

which-might at first glance suggest that U.S. households are less efficient. However, energy use per unit of floor
space in the United States is actually lower than in France or Germany (see figure 1-B-1 ).2 And although Italy and
Japan use less energy per unit of residential floor space than the United States, these countries generally have lower
indoor temperatures and use central heating less than the United States,3 factors that may account for most of the
differing consumption levels.

As this example suggests, international comparisons of energy efficiency should be viewed with caution and,
where possible, the variables and assumptions underlying such comparisons should be understood. Differences may
indeed stem from differing energy efficiencies but may also be related to temperature settings, appliance saturation,
and other, nontechnical factors that influence energy use.

1 sw L. Scbipper,  A. Ketoff, and A. ~, “Explaining Residential Energy Use by International Bottom-Up Comparisons,” Amwuf
Review of Energy f985  (Mo Alto, CA: Annual Reviews, I.ne.,  1985), vol. 10, pp. 341405.

2 U.S. &p_nt of Energy, Wrgy ~o~tion  ~“ “stratiow  Indicators of Energy Efia”ency:  An International Compan”son
S~METJ~  (Waal@gon, DC: July 1990), pp. 11-12.

s L. sC~pPr, A. K~tOff,  ~dA+ -e, 1‘fipl~gResiden~  Energy use  by  ~te~tio~  BO~Orn-Up @Ilp~SOIIS,’ Annual Review

of Energy 1985 (Palo Alto, CA: Annual Reviews, Inc., 1985), vol. 10, pp. 352-353.

The U.S. population increased by 45 million factors was an almost 50 percent increase in the
people from 1970 to 1990.16 At the same time the number of households in just two decades. As each
average number of people per household dropped household requires space conditioning, hot water,
considerably, from 3.24 in 1970 to 2.68 in 1990 and other energy services, these changes drove the
(figure 1-4). The combined effect of these two growth in energy use in the residential sector.

16 us, D~~~~~t of co-er~c,  BWM~  of tie Cemus, Stati~tiL.u/Ab~fruct o~rhe  l-Jnited Stares: 1991 ~ashkgto~ DC: 1991),  p. 7.
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Figure l-2—Residential Sector Energy Use by End Use and Fuel Type, 1988
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SOURCE: Office of Technology Assessment, 1992 (see app. l-B).

20

15

10

5

0

Figure 1-3—Residential Sector Energy Use
by Fuel Type, 1970-89
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SOURCE: U.S. Department of Energy, Energy Information Administration,
State Energy Data Report: Consumption Estimates, 1960-1989,
DOE/EIA-0214(89)  (Washington, DC: May 1991), p. 24.

Increased demand for particular energy-intensive
services also contributed to the growth in residential
energy use. The popularity of central air condition-

Electricity

Other
3%

Oil
7%

Natural gas
29%

Table l-l—Major Factors Influencing
Residential Energy Use

Factors causing an increase in consumption:
Larger population—more households
Fewer people per household-more households
Increased demand for energy-intensive services

Factors causing a decrease in consumption:
New housing more efficient than existing stock
New appliances more efficient than existing stock
Retrofits to existing housing
Migration to the South and West
More multifamily units

Factors causing fluctuations in consumption:
Occupant behavior, changes in thermostat settings
Fuel shifts-more electricity and less oil, changes in wood use
Price changes

SOURCE: Office of Technology Assessment, 1992.

ing has grown, and it is now routinely installed in
over three-fourths of new single-family homes.17

Increasing market penetration of energy-intensive
appliances such as clothes dryers is also contributing
to increased energy use.18 And there is some
evidence that residences are becoming larger as
well, requiring more energy for space heating and
cooling.

19 At present almost all households have
space heating of some kind, water heating, and at
least one refrigerator. Over 90 percent of existing
households have color TVs, about three-fourths
have clothes washers, about two-thirds have clothes

17 ~ 107’()  ~~Ut ~ne.~fid of new ~lngle-f~ly  homes ~d cen~~  air conditioning;  by 1990 ~S figllre  reached  76 percent. Pacitlc Northwest
Laboratory, Residential and Commercia[  Data Book—Third Edition, PNL-6454 (Richland, WA: February 1988), p. 3.28; U.S. Department of
Commerce, Bureau of the Census, Characteristics of New Housing:  J990, C25-9013 (Washington, DC: June 1991), p. 4.

18 ~ 198260 percent  of households ~d clo~es  dgem; by ] 987 fhis ~d c]imb~  [o 66 percent,  us. Dep~ent of Energy, Energy  hlfOITMitiOIl

Administration, Housing Characteristics 1982, DOE/EIA-0314(82)  (Washington, DC: August 1984), p. 69; U.S. Department of Energy, Energy
Information Administratio~  Housing Characteristics 1987, DOE/EIA-0314(87)  (Washington DC: May 1989), p. 83.

19 me average new  s~gle-f~ly house ~ 1986 ~d 1,825  ~ume  feet of floor Space,  by 1990 MS wasup102,080” ~Uare feet. The same trend occurred
in new multifamily units as well—from an average of 911 square feet of floor space in 1986 to 1,005 square feet in 1990. U.S. Department of Commerce,
Bureau of the Census, Characreris(ics  of New Housing: 1990,  C25-9013 (Washington, DC: June 1991), pp. 33,40.
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Figure 1-4--Changes in Household Size, 1970-90
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SOURCE: Office of Technology Assessment, 1992 (see app. l-B).

dryers, and about one-third have central air condi-
tioning.20

Although total residential energy use increased
from 1970 to 1989, energy intensity-energy con-
sumption per household per year-actually de-
creased by 15 percent in the same period (figure 1-5).
Several factors contributed to this intensity drop, but
improved technology and building practices were
key: older houses were retrofit to improve energy
efficiency, newer houses make greater use of energy-
efficient building practices, and the energy effi-
ciency of equipment in homes has improved dramat-
ically.

Considerable effort has been made to improve the
energy efficiency of the existing building stock.
National retrofit data are scarce but, by one estimate,
from 1983 to 1988 about 26 million owner-occupied
U.S. households added storm windows and/or doors,
and 17 million added insulation.21 Careful evalua-
tions of retrofit efforts have shown that energy
savings are often substantial.22 New houses bene-
fited from greater use of energy efficient techniques.
For example, new houses built in 1985 were better

220
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Figure 1-5-Energy Use Per Household
Dropped From 1970 to 1985,

But Increased From 1985 to 1988.
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NOTE: Three-year moving average shown. Y-axis not set to zero. Includes
energy losses associated with electricity generation (see app. 2-C).

SOURCE: Office of Technology Assessment, 1992 (see app. l-B).

Table 1-2-Changes in Construction Practices
for New Single-Family Detached Homes

1973 1985

Average R-valuea of insulation
Ceiling. . . . . . . . . . . . . . . . . . . . . . . 14.4 26.9
Exterior Wall.. . . . . . . . . . . . . . . . . . 10.0 12.5
Floor. . . . . . . . . . . . . . . . . . . . . . . . 4.0 10.2

Window type (percent)
Single-pane. . . . . . . . . . . . . . . . . . . 60 19
Double- or triple-pane.. . . . . . . . . . 40 81

aR.value is a measure of resistance to heat flow. A higher R-value means
a better insulating value,

SOURCE: Adapted from S. Meyers, “Energy Consumption and Structure
of the U.S Residential Sector: Changes Between 1970 and
1985,” Annual Review of Energy 1987 (Palo Alto, CA: Annual
Reviews, Inc., 1987), vol. 12, p. 90.

insulated and had more energy efficient windows
than those built in 1973 (table 1-2).

Residential equipment is now more energy effi-
cient as well. The typical new gas furnace sold in
1975 had an efficiency of 63 percent; by 1988, this
increased to 75 percent. The efficiency gains in
appliances were even greater-the typical new

m u.S. Department of Energy, Energy Mormation  ~. ‘ tration, Housing Characteristics 1987, DOFYEIA-0314(87)  (_Wshi.ngtom DC: May
1989), pp. 77-79, 83. As noted previously, however, over three-fourths of new single-family homes have central air conditioning.

21 U.S. ~~ent of Comerce, B~au of the Cemus, A~rican  Hou~ng  ~~~eyfo~  t& ~nife~  stares in 1985,  H-150-85 (WMhh@oQ ~:
December 1988), p, 98; U.S. Department of Commerce, Bureau of the Census, American Housing Survey for the United States in 1987, H-150-87
(Washington+  DC: December 1989), p. 12Q U.S. Department of Commerce, Bureau of the Census, American Housing Surveyfor  the United States in
1989, H150/89 (Washington DC: July 1991), p. 122.

22 s=, for Cmple, S, cohe~ C. G1* ad J. l-kin-k,  Measured Energy Savings andEconomics of Retrofitting Existing W@Fa~.Jy  Ho~s:

An Update of (he BECA-B Darabase, LBL-28147  (Berkeley, CA: Lawrence Berkeley Laboratories, February 1991), vol. 1.
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Table 1-3-New and Existing Housing Types

Percent of Percent of
existing households, new units

Structure 1987 started, 1988a

Single-family detached. . . . . . . . 62
Single-family attached. . . . . . . . 5 (include~~above)
Multifamily: 2 to 4 units. . . . . . . . 11 3
Multifamily: 5+ units. . . . . . . . . . 16 18
Manufactured (mobile) home. . . 6 15
aPrivately owned only.

NOTE: Mobile home data are “placed for use.”

SOURCES: Existing: U.S. Department of Commerce, Bureau of the
Census, American Housing Survey for the United States in
1989, H-1 50/89 (Washington, DC: July 1991), p, 34. New:
U.S. Department of Commerce, Bureau of the Census,
Statistical Abstract of the United States: 1991 (Washington,
DC: 1991), pp. 720, 722.

refrigerator sold in 1990 used less than half as much
electricity as a comparable unit sold in 1972.23

Other factors acted to dampen total energy
demand in residences, although their effects were
minor. There was a slight shift in the types of
homes—the share of single-family homes in the
United States shrank slightly from 68.7 percent in
1982 to 66.5 percent in 1987.24 This means slightly
lower heating and cooling requirements, as multifa-
mily units have fewer exterior walls. However,
single-family detached homes remain the most
common type of housing unit (table 1-3). There has
been a slight migration to the South and West in
recent years,25 which has probably decreased space
heating needs and increased space cooling needs.
The overall effect of this migration is thought to be
a small net decrease in energy use.26

Several other factors affected residential energy
use, although the direction of their effect was either
unclear or variable in recent years. Examples include
occupant behavior, shifts in fuel types, and energy
prices.

The behavior of building occupants can signifi-
cantly influence energy use. One measure of behav-
ior in residences is the thermostat setting. There is
some evidence that heating thermostat settings
decreased from 1973 to 1981, increased slightly to
1982, were flat from 1982 to 1984, and then
increased again from 1984 to 1987.27 The impacts of
these shifts on energy use are difficult to determine,
but higher heating thermostat settings clearly mean
more energy for space heating, all else being equal.
Broader behavioral factors, such as the fraction of
time spent on leisure activities, the trend toward
two-career families, and economic shifts from man-
ufacturing to service, may have affected energy use
in buildings as well (box 1-C).28

The fuel mix of residential energy use has
changed as well. Electricity has become increasingly
prevalent for both space and water heating, while
oil’s share of the space heating market has dropped
sharply .29 In 1970, electricity supplied 41 percent of
residential energy; by 1988, this had climbed to 61
percent. 30 Yet this trend toward greater electrifica-
tion maybe changing; electricity’s share of the space
heating market in new single-family homes dropped
sharply in recent years, from 49 percent in 1985 to
33 percent in 1990. Natural gas’ share jumped from

23 S= ch. 2 for sources and definitions.

~ Includes single-family detached  houses and mobile homes. U.S. Department of Energy, Energy Information Administration, Housing
Characteristics Z982,  DOE/EIA-0314(82) (Washington, DC: August 1984), p. 17; U.S. Department of Energy, Energy Information Administration
Housing Churac(eristic.s 2987, DOE/EIA-0314(87) (Washington DC: May 1989), p. 18.

25 In 1970, 52 Percent of homes were ~ tie Northe~t  ~d Midwest; by 1983 Ws ~d f~]en to 47 pe~ent.  S. Meyers, “Energy cOIISU.mptiOII and

Structure of the U.S Residential Sector: Changes Between 1970 and 1985, ” Annual Revienl  of Energy 1987 (Palo Alto, CA: Annual Reviews, Inc., 1987),
vol. 12, p. 87.

‘b L. Schippcr,  R. HowartlL and H. Gellcr, “United States Energy Use From 1973 to 1987: The Impacts of Improved Efficiency, ” Annual Review
of Energy 1990 (Palo Alto, CA: Annual Reviews, Inc., 1990), vol. 15, p. 482.

27 S. Me}ers, ‘ ‘Energy Consumption and Structure of the U.S. Residential Sector: Changes Between 1970 and 1985,” Annual Review ofEnergy 1987
(Palo Alto, CA: Amual  Reviews, Inc., 1987), vol. 12, p. 92; U.S. Department of Energy, Energy Information Administration, Housing  Characteristics
1987, DOE/EIA-0314(87)  (Washington DC: May 1989), p. 3.

M ~ese factor5  me di5cuss~  h U.S. Conwe55, office of Technology Assessmen~  Technology and the Aun”can  Economic  Tran~ition!

OTA-TET-283 (Washington, DC: U.S. Government Printing Office, May 1988); also L. Schipper, Energy Use and Changing Lfestyles,  EPRI CU-7069
(Palo Alto, CA. Electric Power Research Institute, November 1990).

z~ The efficiency implications of this shift depend on the technologies used to convert energy into heat. An electric heat pump, for example, is of
comparable efficiency to an oil-fired furnace, if one accounts forelectricirygeneration  losses. An electric resistance heater, however, is much less efficient
than an oil furnace, if one accounts for electricity generation losses.

JO fiW ~uivalcnt.  Source is OTA 1992 (see app. 1-B).
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Box I-C-Technology and Behavior: Effects on Building Energy Use

This assessment focuses on technical means to improve the efficiency of energy use in buildings. Technology,
however, is not the only determinantt of building energy use. Human behavior-how people operate equipment, how
many children they bear, where they reside, and so on-can strongly influence building energy use as well.

In recent years, there has been increased interest in learning how human variables affect energy use in
buildings. A major stimulant of this interest was the emerging uncertainty in electrical utility planning. Whereas
electricity demand had increased at a fairly steady 7 percent per year from 1950 to 1973, increased prices, appliance
saturation, and other factors slowed this increase to 1 to 2 percent per year.1 An annual rate of 1 to 2 percent
represents a doubling time of anywhere from 70 to 35 years, and therefore considerably greater uncertainty than the
decadal doubling rate of earlier years. With saturation, patterns of equipment use-rather than the steady growth
of new demand introduced by their acquisition-became a primary factor in determining energy demand. And
equipment use is a function of human behavior.

Human behavior can be studied on two significantly different levels: the observable behavior of people and
the underlying values and attitudes that drive those behaviors. Our understanding of both is imperfect, as is our
ability to predict exactly how and when they will change. It is difficult to quantify and compare the contributions
of family size, time spent cooking, work habits, and the myriad other behaviors that jointly affect residential energy
use. Nor can we predict when, and how strongly, people will be motivated to conserve or stop conserving energy
in buildings, beyond the expectation that rather gross changes, such as a steep rise in energy prices, will significantly
influence behavior. Despite our limited understanding, it is clear that human behavior and values contribute
substantially to variations in building energy consumption. The following paragraphs provide supporting evidence.

Major influences on household energy use are family size, income, average length of daily occupancy, and
whether both household heads are employed; all but the last of these influences tend to increase energy use. 2

Although larger families consume more residential energy than smaller ones, this relationship reverses when
calculated on a per capita basis.3 Other relevant factors are the ages of family members and whether or not there
are children. Elderly singles, most of whom are not employed, tend to use more residential energy than younger
singles, most of whom are employed and spend less time at home.4

One estimate of the importance of behavioral differences in residential energy use comes from a careful study
that examined variation in winter natural gas consumption of 205 townhouses in Princeton, New Jersey. Physical
features-such as the position of the townhouse (end or non-end unit), the number of bedrooms, and the amount
of insulated glass-accounted for 54 percent of the variation in energy use. Differences in occupant behavior were
associated with much of the remaining 46 percent variation.5

In the future, many factors will affect human behavior and its influence on energy demand in residential and
commercial buildings. A number of demographic trends are expected to influence future demand but in uncertain
ways. For example, the “graying” of the U.S. population will continue; the proportion of those older than 65 is
projected to grow from about 12 percent today to about 20 percent by the year 2030.6 However, the elderly of
tomorrow may be different than the elderly of today in terms of health, activity levels, and other characteristics,
which could substantially alter their influence on building energy demand.

2p.  G-B. MOITkOIIj and B, b~, “HOW@@ ~erfjy, “ in P. Gladhartj  B. MorrisoQ and J. Zuiches, Energy and Futtu”lies (E.
Lansing, MI: Michigan State University Press, 1987), p. 131.

3 L. Schipper,  S. Bartle& D. Hawk  and E. v~e, “Linking Life-Styles and Energy Use: A Matter of Time?’ Annual Rew”ew  ofl?nergy
1989, (Palo Alto, CA: Annual Reviews, Inc., 1989), vol. 14, p. 304.

4 Ibid., p.305.

5 R, Smolow  (@~r), Swing  Energy in the Ho~: p~incet~n’s  Experi~~S  at Twz”n Rivers (Cambridge, MA: Ballinger I%bli+4@

Company, 1978), pp. 227-228.
6 pop~~on  Refe~nce  Bur~~ A~rica in the 2]st Cenmry: Gov~~nce  a~politics  (W-01+ DC: pOpUkiliOIl  Reference B-u,

rnc., 1990), p. 3.
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The number of households is growing faster than the U.S. population. Household growth is expected to
continue to outpace population growth, although by a slower rate than before.7 Thus, the trend toward smaller
households is expected to continue, which in the past has been associated with increased per capita residential
energy demand.

As a final example, changes in the ethnic composition of the U.S. population could affect residential and
commercial building energy demand but the potential effect is unknown. Due to immigration and differential
fertility, the proportion of minorities in the U.S. population has been increasing steadily. In 1980, about 20 percent
of Americans were black Hispanic, or Asian. By 2030, these groups are projected to represent 38 percent of the
U.S. population.8

The future contribution of behavioral and demographic variables on energy use is unclear. In the absence of
better understanding, it maybe prudent for policies to focus on technology, where the links to energy use are better
understood. Nevertheless, it is important to recognize that policies affecting behavioral and demographic variables
(such as changes in the tax treatment of child care, which could change the incentives for two-career households)
could have important effects on future energy use in buildings.

7 
Ibid., pp. 4, 12.

8 Ibid., p. 5.

44 to 59 percent in the same period.31 Wood use for dential sector increased during the period 1975 to
space heating has fluctuated; in 1978, 2.5 percent of
U.S. households reported that their main heating fuel
was wood, and this increased to 7.5 percent in 1984,
but then dropped down to 5,6 percent by 1987.32

The price of energy underlies many of the changes
discussed above. There is little agreement on exactly
how energy prices and energy costs influence
efficiency. There is general agreement that, all else
equal, higher prices are an incentive for more
efficiency, but the exact relationships between price,
cost, and efficiency are not understood. The expecta-
tion of future price increases maybe as important as
the actual current price, especially in influencing
consumer decisions on capital investments. Price
changes may substantially change short-term behav-
ior; for example, the changes in residential thermo-
stat settings discussed above may have been so
influenced. However, the longer term impacts on
capital equipment selection decisions are unclear.
As shown in figure 1-6, energy prices in the resi-

1985, in most cases faster than the consumer price
index (CPI), but have dropped or held steady since
then.

The Commercial Sector

Commercial buildings used 12.9 quads of energy
at a cost of $68 billion in 1989.33 About two-thirds
of this energy was in the form of electricity. Space
heating, lighting, and space cooling were the princi-
pal end uses (figure 1-7). Today, commercial build-
ings are used for diverse functions, but the predomi-
nant ones are retail/service, office, warehouse,
assembly, and education. Figure 1-8 details com-
mercial building square footage and energy use by
function. Note that the most energy-intensive uses
(those with the greatest energy consumption per
square foot) are offices, health care, and food.

Energy use in the commercial sector has increased
rapidly since 1970--at an average annual rate of 2.3

31 me Sme ~end ~~~ed ~ ~UI~@y home~T  per~nt  of new m~tiftiy ~fi Md el~tric  spac~heating  systems  in 1985, (hopping to 53
percent in 1990. U.S. Department of Commerce, Bureau of the Census, Chamctetistics  o~New Housing:  ]989, C25-8913  (Washington DC: July 1990),
pp. 20, 39; U.S. Department of Commerce, Bureau of the Census, Charucretisrics  ofNew  Housing.’ 2990, C25-901  3 (Washington DC: June 1991), pp.
20,39.

32 U,S.  Dep~ent of E~~gy, ~erfl ~omation Admirlis@ation,  Housing Characren”srics  1987, DOE/E~-0314(87)  (w~~gtom DC: MY

1989), p. viii.
33 Sowce is OTA 1992; see app. 1-B. me comerci~  s~tor  is difficult  to def~e  but can& ~OUght  of as encompassing all btidhgs tht durable

products are not made in and that people do not live in. This includes energy used in oftlces, stores, schools, churches, and hospitals but excludes energy
used in factories and apartment buildings.
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Figure 1-8-Energy Prices in the Residential Sector Rose From
1970 to 1985, Then Dropped From 1985 to 1990
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SOURCE: U.S. Department of Energy, Energy Information Administration, Annual Energy Review 1990, DOE/EIA-
0384(90) (Washington, DC: May 1991), pp. 179, 225; U.S. Department of Commerce, Bureau of the
Census, Statistical Abstract of the United States: 1991 (Washington, DC: 1991), p. 476.

Figure 1-7—Commercial Sector Energy
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SOURCE: Office of Technology Assessment, 1992 (see app. l-B).

percent (figure l-9).34 As in the residential sector, a 1-10). Heating, cooling, and lighting these new
number of factors contributed to this growth (table buildings has considerably increased energy con-
1-4), the most important being the rapid growth in sumption in the commercial sector. Furthermore
new commercial buildings. The stock of commercial many of these new buildings are offices, retail/
buildings, as measured by total square footage, grew service buildings, and other commercial buildings
more than 50 percent from 1970 to 1989 (figure that are, on average, relatively energy intensive (i.e.,

~ Sowce for co~~ption data is OTA 1992; see app. l-B. Note that GNP grew even more qu.iekly  in the same Pefiod-at  awrallc  ~U~ ~t~
between 2.8 and 2.9 percen~ in constant dollars. U.S. Department of Commerce, Bureau of the Census, Statistical Abstract of the United States: 1991
(Washington DC: 1991), p. 433.
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Figure 1-8-Breakdown of Energy Use and Square Footage by
Commercial Building Type, 1986
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SOURCE: U.S. Department of Energy, Energy Information Administration, Commera’a/  Bui/ding  Consumption and
Expenditures 1986, DOHEIA-0318(86)  (Washington, DC: May 1989), p. 29.

Figure 1-9-Commercial Sector Energy Use
by Fuel Type, 1970-89

Table 1-4-Major Factors Influencing
Commercial Building Energy Use
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SOURCE: U.S. Department of Energy, Energy Information Administra-
tion, State Energy Data Report: Consumption Estimates, 1960-
1989, DOE/EIA-021  4(89) (Washington, DC: May 1991),
p. 25.

Factors causing an increase in consumption:
More buildings
More service demand-such as space cooling and office

equipment
Factors causing a decrease in consumption:

New buildings more efficient
New appliances more efficient
Retrofits to existing buildings

Factors causing fluctuations in consumption:
Fuel shifts-more electricity and less oil
Price changes

SOURCE: Office of Technology Assessment, 1992.

requiring more energy use per square foot per year)
as compared to the sector as a whole (figure 1-8).
Increased demand for energy-intensive services has
further increased commercial building energy use.
Most commercial buildings constructed in the past
20 years were built with air conditioning, while
many older commercial buildings were not. There
has been rapid growth in the use of computers and
related electronic office equipment-in 1984 there
were about 1.8 million personal computers in use in
businesses; by 1989 this had climbed to 14.0
million.35

35 U.S.  Dep~en~ of Comerce,  B~eau  of tie Cemus, .ytan”~~ca/  Abs~act  ~~the fJnlred ~rafes:  ]990  (Washingto& w: Jan~ 1990),  p. 95 [.

For the commercial sector as a whole, however, ofllce equipment is still a small energy user, accounting for only 3 to 4 percent of total commercial-sector
electricity use. See ch. 2.
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Figure I-l O-The Stock of Commercial Buildings (as measured by total square
footage) Has Grown Rapidly, But the Energy Intensity (energy use per square foot

per year) Has Held Steady.
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SOURCE: U.S. Department of Energy, Energy Information Administration, State  Energy Data Repxt: Consumption
Estimates, 1960-1969, DOE/EIA-0214(89)  (Washington, DC: May 1991 ),p.25;  D. Belzer,  Paafic  Northwest
Laboratories, personal communication, September 19, 1991.

Despite growth in the number of energy-intensive
buildings (e.g., offices and stores) and increases in
air conditioning and other equipment, energy inten-
sity (energy use per square foot per year) actually
stayed flat in the commercial sector from 1970 to
1990 (figure 1-10). As in the residential sector,
improved technology has helped to dampen the
growth in commercial building energy use. New
commercial buildings use improved windows and
shells, more efficient space conditioning equipment,
and better lighting systems. For example, commer-
cial buildings constructed from 1980 to 1989 made
greater use of ceiling and wall insulation, multipane
and reflective windows, and shadings or awnings
compared to buildings constructed in earlier years.36

Computer hardware and software improvements
allowed for more use of computer-aided building
design and analysis methods. In addition, the energy

Table 1-5-Commercial Building Retrofits

Action Percent of floor spacea

Energy management system. . . . . . . . . 12
Efficient light ballasts.. . . . . . . . . . . . . . . 24
Ceiling insulation. . . . . . . . . . . . . . . . . . . 20
Weatherstrip/caulk. . . . . . . . . . . . . . . . . . 22
aThe percent of all commercial building floor space for which the associated

action was added after construction, as of 1986.

SOURCE: U.S. Department of Energy, Energy information Administration,
Characteristics of Commercial Buildings 1966,  DOE/EIA-
0246(86) (Washington, DC: September 1988), p. 24.

efficiency of the existing building stock has been
improved through retrofits (table 1-5).

Several other factors have influenced energy use
in commercial buildings. Electricity has replaced oil
and natural gas to a considerable extent.37 As in the
residential sector, a greater share of new commercial
building construction has been in the South and
West,38 which may have led to a slight net increase
in energy consumption due to an increased need for

36 I-J-s.  Dep~ent  of Energy, Ener~  ~o~tion ~“ “stratio% Commercial Building Characteristics 1989, DOWEIA-0246(89)  (WashingtorL
DC: June 1991), p. 202.

37 ~ 1970, 49 ~r=nt of ener= ~d ~ ~o-~c~ b~ldirlgs w= ~ tie fo~ of el~~city;  by 1988 m W h~ti to 69 percent Q-

equivalent, see app.  2-C). Source is OTA 1992; see app. l-B. The efficiency implications of this shift depend on the technologies used (see footnote 29
above).

38 U.S . Dep~ent of Energy, Ener~  Information Administratioxq  Characteristics of Commercial Buildings 1989, DOWELWW6(89)
(Washington DC: June 1991), p. 42. Commercial buildings tend to need more energy for space cooling and less for space heating than residential
buildings; therefore this geographic shift would be more likely to increase overall consumption in commercial buildings than in residential buildings.
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Figure 1-1 l—Energy Prices in the Commercial Sector Rose From 1970 to 1985,
Then Dropped From 1985 to 1990.
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SOURCE: U.S. Department of Energy, Energy Information Administration, Annual  Energy Review  1990, DOE/EIA-
0384(90) (Washington, DC: May 1991), pp. 179, 225; U.S. Department of Commerce, Bureau of the
Census, Statistica/Abstract  of the  United  States: 1991  (Washington, DC: 1991), p. 476.

space cooling. Finally, energy prices in the commer-
cial sector increased from 1970 to 1985 but dropped
after that (figure 1-1 1).

Summary

Energy use in both the commercial and residential
sectors has grown in the last 20 years. Sheer
increases in numbers underlie much of this growth—
more people, more households, and more offices.
Increased service demand-more air conditioning,
more computers, larger houses—has contributed as
well. However, the application of improved technol-
ogy has moderated this growth. Better building
shells (windows and insulation), better appliances
(furnaces, air conditioners, refrigerators), and better
building design have lowered energy intensity in
residences (energy use per household per year) and
stabilized energy intensity in the commercial sector
(energy use per square foot per year).

BUILDING ENERGY USE IN THE
NEXT 20 YEARS: THE ENERGY

SAVINGS POTENTIAL

Where Are We Headed?

As in the past, building energy use in the future
will be driven by technological change but will be

297-936 0 - 92 - 3 : QL 3

influenced by other factors as well, including
population and economic growth, changes in house-
hold size, changes in lifestyle, and migration pat-
terns. The complexity and interactions of these
factors make it difficult to predict accurately future
levels of building energy use. Nevertheless, it is
useful to project these levels under different condi-
tions to illuminate potential policy issues.

One way to consider future energy use is in terms
of intensity (defined as energy use per household per
year in residential buildings, and energy use per
square foot per year in commercial buildings). As
discussed above, since 1970 residential intensity
dropped and then increased (figure 1-5), while
commercial intensity stayed relatively constant (fig-
ure 1-10). OTA has modeled future intensity levels
in terms of scenarios-projections of possible fu-
tures, based on differing assumptions about future
levels of intensity and other factors. Uncertainties in
household size and new commercial building con-
struction rates make it difficult to specify precisely
the levels of future consumption; however assuming
that recent historical trends continue-specifically
that commercial sector intensity remains flat, and
that residential sector intensity drops slowly—
yields a residential consumption of 18.9 quads per
year in 2010 and a commercial sector consumption
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of 19.9 quads per year in 2010. A complete
description of the model used to build the scenarios
is in appendix l-A.

The scenarios presented here can be compared to
those made by other groups. Figures 1-12 and 1-13
show the OTA estimates, as well as those by five
other groups (see appendix 1-C for a detailed table
and sources for these other estimates). The simple
mathematical average of these consumption scenar-
ios is 20.2 quads for the residential sector and 18.5
for the commercial sector. This is not to say that the
mathematical average is the ‘‘correct’ number, for
all the estimates may be wrong; but the average does
provide a single number summarizing the different
estimates. While there is a range of estimates, there
is reasonable agreement on future business-as-usual
consumption in 2010; the difference between the
average and the outlier (i.e., the estimate farthest
from the average) is less than 16 percent for both
sectors .39

Where Could Technology Take Us?

The preceding discussion summarized different
forecasts of building energy use in a business-as-
usual assumption. An alternative method of fore-
casting future energy use is to consider what energy
use could be if greater use was made of energy
efficient technologies. At one extreme is the true
technical potential-i. e., the energy savings that
would result from maximum use of all technologies,
regardless of cost. From a policy perspective,
however, it is more useful to consider the energy
savings resulting from optimal use of all cost-
effective technologies.

Estimating cost-effective savings is a difficult
task. Technology is just one of many factors
affecting energy use, and the effects of technological
change may be masked by population increases,
demographic shifts, and other factors. Technology is
not stagnant; costs, performance, and efficiencies
change as technology is improved and refined. The
diversity of the building stock, climatic variations,

and uncertainty over future fuel costs all make
estimates of technical and economic potential for
energy savings a very uncertain exercise. Further-
more, defining ‘‘cost-effective” can be problematic.
There are several measures of cost-effectiveness,
including the cost of conserved energy (CCE), net
present value, and payback (these terms are defined
in appendix 2-B). One can consider different per-
spectives, such as the consumer, the utility, and
society as a whole. Finally one can vary the values
of inputs to these definitions, notably the discount
rate. There is little agreement on the best measure,
perspective, or assumptions to use in projecting
energy use.

Nevertheless, it is useful to review estimates of
the energy savings that could result from greater use
of cost-effective technologies, recognizing the ef-
fects of different definitions of cost-effective. If
there is general agreement that a significant gap
between the business-as-usual forecasts and the
cost-effective forecasts exists, then one may reason-
ably conclude that the market is not performing
optimally and that policy change may be appropri-
ate. Alternatively, if there is general agreement that
there is little or no gap between the two forecasts,
then policy intervention may not be appropriate.

Previous work by OTA has estimated that energy
use in buildings could be reduced about one-third by
2015, relative to a business-as-usual scenario,
through the use of technologies with a positive net
present value to the consumer.

40 Adjusting this

model’s results to the projected business-as-usual
consumption discussed above yields a 2015 cost-
effective consumption of about 27.7 quads per year
(figure 1-14). This is about a 2 quad decrease from
1989 to 2015,41

Numerous other estimates of this savings poten-
tial have been made:

● A modeling effort by the Energy Information
Administration, 42 conducted as part of the
National Energy Strategy, estimated the business-

39 Much  of ~e~c differences ca ~ ~amd to different ass~ptio~f~r  ex~ple, me Natio~ Energy  Smtegy  estimates  i3SSUmt?  I.hX GNP grOWS

at an average annual rate of 2.9 percent from 1990 to 2010, while the DFU study assumes a rate of 2,3 to 2,0 percent in the same period. See app.  1-C
for sources.

40 Bw~ on ~ OTA model des~-i~ ~ U.S. Congess,  office  of ~c~olo~ As~ssmen~  Ctinging  by Degrees: Steps To Reduce Greenhouse

Gases, OTA-O-482 (Washingto% DC: U.S. Government Printing Office, February 1991), app. A, pp. 313-326. This model assumes full penetration of
all cost-effective technologies and a 7 percent real discount rate.

41 The ‘‘bus~ess+.+usu~’ estimates discussed  above were recalculated for 2015, yielding 19.4 quads per year (residential) ~d 22.1 quds per yw
(commercial). The one-third reductio% therefore, corresponds to a 13,8 quad savings in 2015.

42 ~c J2ner= ~omtion Adbismtion  (HA) i5 an Mdcpendent statistical and analytical agency titi the U.S. Dep~ent of Ener8Y  @E)”
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Figure l-12—Residential Energy Use in 2010: Comparison of Different
Business-as-Usual Forecasts
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SOURCE: Office of Technology Assessment, 1992 (see app. 1 -C).

Figure l-13-Commercial Sector Energy Use in 2010: Comparison of Different
Business-as-Usual Forecasts
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SOURCE: Office of Technology Assessment, 1992 (see app. 1 -C).
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Figure l-14-Building Energy Use: Two Possible Futures
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NOTE: Business-as-usual is OTA’s estimate of future consumption without policy change. Cost effective is OTA’s
estimate of future consumption if all energy efficient technologies with a positive net present value are
implemented. There is considerable uncertainty in both estimates. See text for details. Includes losses
associated with electricity generation (see app. 2-C).

SOURCE: Office of Technology Assessment, 1992.

as-usual and cost-effective (see table 1-6 for ●

definition) levels of energy use in buildings in
2010. This study estimated that, relative to the
predicted business-as-usual 2010 consumption,
13 percent of energy used in buildings could be
saved with cost-effective technologies, and that
26 percent of energy could be saved with
technically feasible, but not necessarily cost-
effective technologies (table 1-6).43 These esti-
mates are at the low end of the range of
cost-effective savings found in other studies,
probably due in part to conservative assump-
tions concerning building shell retrofits.44

A recent study by the National Academies
examined the energy and carbon savings poten-
tial in the residential and commercial sectors.45

The study examined a range of supply curves46

and examined  in depth data from the Electric
Power Research Institute (EPRI). The Acade-
mies’ analysis of the EPRI data found an
aggregate electricity savings potential of 45
percent in existing buildings at a cost of
conserved energy of less than or equal to 7.5
cents per kWh.47 Natural gas and oil savings of
50 percent in existing buildings were claimed,
at a cost of less than $5.63 per MBtu.48 These
results are not directly comparable to those of

43 The EIA notm that  costs for me techni~ Potential case may not be prohibitive, due to the economies of scale resulting from large  production  IUIIS
and cost reductions from R&D. U.S. Department of Energy, Enexgy  Information Adrninistratio~ Energy Consumption and Conservation Potential.’
Supporting Analysis for the National Energy Strategy, SR/NES/!XW2  (WashingtorL  DC: December 1990), p. 7.

44 The EM as,suma tit pre-lgTs residenti~ buildings yield a 16 percent reduction in heating service demand and a 4 pereent  reduction iKI  Cootig
service demand in the “high conservation” case by 2030, while OTA assumes a 20 percent savings by 2010 in the “moderate” case. Ibid., p. 6; U.S.
Congress, Office of ‘lkchnology  Assessment Energy Technology Choices: Shaping Our Future, OTA-E-493 (Wshingtoq DC: U.S. Government
Printing OffIce,  July 1991), p. 130.

45 me Natio~  Ac~~es me tie Natio~ ~ademy of Scienws (NAS), the Natio~ Academy of ~@~@ (NW),  ~d the ktitUte of Medicine

(IOM).  The report is “Policy Implications of Greenhouse Warmin g,’ Report of the Mitigation Panel, prepublication  manuscript.j  National Academy
Press, Washington DC, 1991.

46A SU@y curve is a graphid method Of summarizing  the costs and energy savings potential of energy efficient technologies.
47 Sensitiviv  ~lyses feud the 45 percent savings at dkount rates of 3,6, md 10 percent. ‘‘Policy Implications of Greenhouse Warming, “ Report

of the Mitigation Panel, prepublication  manuscript, National Academy Press, Washington, DC, 1991, ch. 3, p. 3-3 and table 3.7 (chapter dated 613/91).
46 Ibid$
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Table 1-6—Forecasts of Building Energy Use by
the Energy Information Administration

Sector Energy Use (quads/year)

1990 2010 2010 2010
Business-as-usual Cost-effective Technical potential

Residential. . . 10.7 11.7 10.2 8.3
Commercial. . 6.8 8.7 7.5 6.8
Total. . . . . . . 17.5 20.4 17.7 15.1
NOTE: Does not include losses associated with electricity generation.

SOURCE: U.S. Department of Energy, Energy Information Administration,
Energy Consumption and Conservation Potential: Supporting
Analysis for the National Energy Strategy, SFVNESI’90-02
(Washington, DC: December 1990). Business-as-usual fore-
cast assumes “current government policies and programs
remain in effect” (p. 56). Cost-effective forecast is the “high
conservation excursion,” and assumes “full penetration of
cost-effective, energy efficient technologies and other conser-
vation measures” where “cost-effectiveness is defined as an
energy savings investment that generates a positive net present
value.” (p. 59). A 10 percent discount rate is assumed (p. 68).
Technical potential is the “very high conservation excursion,”
and assumes that the most efficient technologies are installed
when in-place units fail. There is no premature scrapping of
capital equipment in either case (p. 3).

OTA or the Energy Information Administration
(EIA). This study assumes a “frozen effi-
ciency’ baseline; in other words no allowance
is made for efficiency improvements expected
to occur under existing economic and political
conditions. However the specific measures
proposed in the Academies’ study appear to fall
somewhere in between the OTA moderate and
tough scenarios, suggesting that the Acade-
mies’ measures would yield savings of from 20
to 38 percent in 2010, relative to a business-as-
usua1 scenario. A separate OTA analysis of all
energy-using sectors found that the Academies’

●

●

results, when forecasted relative to a base case,
yielded results comparable to OTA’s moderate
scenario .49

A study entitled America’s Energy Choices
estimated the energy savings resulting from
greater use of technologies for which the
additional frost cost is less than the cost of new
supply, at both existing supply prices and those
estimated by including environmental and se-
curity costs in energy supply prices. Relative to
reference consumption in 2010, estimated en-
ergy savings were 28 and 37 percent.50

Several other studies have examined energy
savings for specific fuels, sectors, or geo-
graphic regions. A comprehensive analysis of
electricity use in U.S. residences, for example,
found that 37 percent of residential electricity
could be saved by 2010 at a cost below that of
supplying the electricity.

51 A comprehensive
study of electricity use in Michigan estimated
that a 29 percent savings by 2005 would be
‘‘achievable’ at a reasonable cost.52 A study of
electricity use in New York State found that
present day consumption could be reduced by
34 percent in the residential sector and 48
percent in the commercial sector at a cost below
that of supplying the electricity .53

The results of some of these studies are summa-
rized in table 1-7. The results vary widely, as do the
analytical techniques, assumptions about cost and
performance, and definitions of cost-effectiveness.

49 StX JohrI ~de]i~ Assis~t Director, U.S. Congress, office of Technology Assessment, testimony before the House Committee on Science, sPaW
and Tkehnology,  July 17, 1991.

m The 28 percent  savings is under the ‘‘Market’ scenario, defined m “making use of cost-effective energy-efficiency and renewable energy
technologies, assuming market penetration rates, and with no accounting for environmental or security costs beyond those embodied in current trends
and policies. ” The 36 percent savings corresponds to the “Environment” scenario, which includes additional technologies, “to the extent justified by
the environmental and security costs of fossil fuels, and assuming more rapid penetration rates.” America’s Energy Choices, Executive Summary
(Cambridge, MA: The Union of Concerned Scientists, 1991). A 3 percent real discount rate is assumed. Savings estimates include losses in electricity
generation and exclude solar and geothermal energy. America’s Energy Choices, Tkchnical  Appendixes (Cambridge, MA: The Union of Concerned
Scientists, 1991), pp. A-1, G-4 to G-7.

51 That is, wi~ a cost of conserved energy (CCE, see app. 2-B for definition) below 7.6 cents/lcWh.  The baseline is a‘ ‘frozen efficiency’ one,  which
does not give credit for eftlciency improvements that would result from naturally occurring efficiency improvements (it does, however, exclude from
the baseline predicted savings resulting from future appliance efficiency standards). A 7 pereent  real discount rate is assumed. J. Koomey, C. Atkinsom
A. Meier, J. McMahorL S. Boghosian,  B. Atkinson, I. ‘Ibriel, M. Uvine,  B. Norm P. CharL The Potenrialjior  Electricity Eficiency  Improvements
in the U.S. Residential Sector, LBL-30477 (Berkeley, CA: Lawrence Berkeley JAmatory,  July 1991), pp. 35-36.

5Z Cticulatiom  ~e relative  t. a ~ ~bu~fies~ as usual” b~el~e, The “achievable’ potential assumes the use of co~erciWY av~~ble  tec~olo@~

and aggressive conservation programs. F. Krause, J. Brown, D. Connell, P. DuPont, K. Greely, M. Meat, A. Meier, E. Mills, B. Nord~  Final Report:
Analysis of Michigan’s Demand-Side Electm”city  Resources in the Residential Sector, Volume 1: Exeeutive  Summary, LBL-23025  (Berkeley, CA:
Lawrence Berkeley Laboratory, April 1988).

53 Comcnation  memwes With a cost of saved elm~ci~ below 7 cen~/kwh  we included. Costs me for t~hnology  ~d titillation ordy, ad do nOt
include marketing and other implementation costs. Interestingly, however, adding a 50-pereent  implementation “penalty’ to the cost of saved energy
for these measures would still allow savings of 32 pereent  (residential) and 41 percent (cmnrnereiat).  A 6-percent discount rate is assumed. American
Council for an Energy-Efficient Economy (ACEEE), ‘‘The Potentiat for Electricity Conservation in New York State, ’ published by the New York State
Energy Research and Development Authority (NYSERDA),  report 89-12, September 1989, pp. S-5, S-6.
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Table 1-7-Summary of National Cost-Effective Savings Estimates

Percent savings
relative

Source to baseline Year Coverage Definition of cost-effective

Office of Technology Assessment. . . 33 2015 Residential/commercial Positive net present value
all fuels

National Academies. . . . . . . . . . . . . . 1986 Existing buildings
45 Electricity CCE less than or equal to 7.5 cents/kWh
50 Gas and oil CCE less than or equal to $5.63/MBtu

Energy Information Administration. . . 13 2010 Residential/commercial Positive net present value
all fuels

Union of Concerned Scientists. . . . . . 28 2010 Residential/commercial CCE less than cost of supply
all fuels “Market” scenario

Lawrence Berkeley Laboratory. . . . . . 37 2010 Residential electricity CCE less than 7.6 cents/kWh

NOTE: Results are not directly comparable. See text for sources and limitations. CCE - cost of conserved energy.

SOURCES: See text.

As discussed above, the Academies’ results appear
to fall between the OTA moderate and tough
scenarios, corresponding to 20 and 38 percent
savings, respectively. The EIA savings estimate of
13 percent is lower than the OTA moderate scenario,
due in part to their more conservative assumptions
concerning shell retrofits. While there is consider-
able uncertainty in all of these modeling efforts,
there is general agreement that, despite gains
made to date, there remain significant opportuni-
ties for increased energy efficiency in U.S. build-
ings through the use of cost-effective technolo-
gies.54

The gap between what appears to be cost-effective
and what is actually used suggests that there maybe
a role for Congress in ensuring that cost-effective
efficiency improvements are implemented. There
are many benefits of such actions, the most impor-
tant being they save both energy and money.
Furthermore, calculations of cost-effectiveness dis-

cussed above generally do not incorporate environ-
mental and other externalities, and doing so would
most likely increase the gap between cost-effective
and actual energy use. overcoming barriers to wider
use of these technologies may require direct policy
actions, as the existence of barriers suggests that
current market conditions will not result in optimal
use of cost-effective energy efficiency opportunities.

The remainder of this report focuses on the critical
question of implementation of energy efficient
technologies. Chapter 2 takes a closer look at the
technologies themselves, with a focus on their
availability, costs, and other attributes. Chapter 3
examines how the markets function, with a focus on
why energy efficient technologies are often not used
despite their apparent cost-effectiveness. Chapter 4
reviews past Federal efforts to encourage energy
efficiency in buildings, and Chapter 5 distills the
analyses of the first four chapters in a discussion of
policy issues and options for Congress.

$$ ~e ~mdie~  dism~~ ~~ve ~= ~ “fie~ of deffitio~  of ~st.eff=tive.  AI&Ou@ tie SW@ Potmti varies by the epeciflc  deftition  used, by
most deftitions  it is clear that a considerable potential exists for saving energy through greatex use of technologies with positive net benefits. However,
some argue that these studies calculate costs.  incorrectly, and that there is little evidence of rmuket  imperfections tbat would yield such a potential. W.
David Montgomery, “The Cost of Controlling Carbon Dioxide Emissions, ’ Charles River Associates Inc., WashingtoXL DC, December 1991.


