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Recent studies by the authors of this paper show that approximately 33% of global primary energy is
consumed by residential and commercial buildings and that demand for energy in this sector may be greater
than any other sector in 2020. Growth in buildings energy use between 1971 and 1992 varied widely by
region, ranging from 1.9% per year in the industrialized countries to 3.0% per year in Eastern Europe and
the former Soviet Union and 5.9% per year in developing countries. Factors that drive energy consumption
in buildings (population, economic growth, energy services demanded, and energy intensities) are discussed
for each region. Energy efficiency improvements for buildings and the overall technical potential to reduce
energy consumption in buildings are outlined. Three scenarios of future energy use in buildings in 2020
project that buildings energy use will grow to about 38% of world primary energy. Under the business-as-
usual scenario, buildings energy demand doubles. Adoption of state-of-the-art practices and technologies
will lead to buildings energy demand 66% above 1990 levels. Use of ecologically-driven policies and
advanced technologies will lead to demand 36% above 1990 levels. There are at least four essential
requirements for an energy-efficient future: (1) real increases in energy prices: (2) aggressive energy-
efficiency policies; (3) major programs to transfer knowledge, technology, and tools for transforming markets
to the developing world; and (4) continued efforts to pursue research and development in technologies and
practices to increase energy efficiency in buildings.

recent years and there have been significant changes in theINTRODUCTION
specific technologies that provide these services. This com-
plex interplay of service types, service demand, and technol-

Recent studies by the authors of this paper for the World
ogy is the key determinant for estimating future energy

Energy Council, the Intergovernmental Panel on Climate
demand in the buildings sector.

Change, and the United Nations Division for Sustainable
Development show that approximately 33% of global pri-

HISTORICAL TRENDS IN BUILDINGmary energy is consumed by residential and commercial
buildings and that demand for energy in this sector could SECTOR PRIMARY ENERGY USE
be greater than any other sector in 2020 (Levine et al. 1996;
WEC 1995; Worrell et al. 1996). These studies grouped Global primary energy use for buildings increased at an
countries of the world into three regions: industrialized coun- average rate of 2.7% per year between 1971 and 1992
tries (also referred to as Organization for Economic Coopera- (Figure 1).2 This growth, however, varied widely by region,
tion and Development, or OECD, countries), Eastern Europeranging from a low of 1.9% per year in the industrialized
and the former Soviet Union (EE/FSU), and developing countries to 3.0% per year in the EE/FSU and 5.9% per year
countries1 in order to assess regional historical building in the developing countries (see Table 1). More recent trends
energy demand and to develop scenarios of buildings energyshow that since 1988, growth in buildings energy use in
demand for the year 2020. This paper will discuss global and developing countries has dropped to 4.0% per year, while
regional energy use in buildings, the potentials for reducing annualdeclinesof 3.8% were experienced in the EE/FSU
buildings energy use, scenarios of buildings energy use in region between 1988 and 1992 due to the significant decrease
2020, and policies to promote buildings energy efficiency. in energy consumption that followed the economic collapse

in that region.
The buildings sector is typically divided into residential
and commercial subsectors. Each subsector includes a wide Growth in building energy demand is affected by increases in

population or economic growth, the type of building energyvariety of specific energy applications or ‘‘end-use ser-
vices,’’ including cooking, space heating and cooling, light- services demanded, and the energy intensity of the process

or technology used to provide those services. Buildings cur-ing, refrigeration and freezing, and water heating. The
demand for building services has increased dramatically in rently account for about a third of global primary energy
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Figure 1. World Primary Energy Use in Buildings by in technologies such as space-heating furnaces, refrigerators,
and lighting systems. New refrigerators in the U.S., forRegion, 1971–1992.
example, use about 40% of the energy of new refrigerators
sold in the early 1970s (U.S. Congress, OTA 1992a). Since
1973, space-heating intensity (useful energy per m2 of floor
area) has declined in seven OECD countries. Also, the fol-
lowing declines were experienced in appliance stock average
unit energy consumption values between 1972 and 1992:
refrigerators—17% (U.S.); clothes dryers—13% (U.S.) to
26% (former W. Germany); dishwashers—46% (U.S.) to
63% (former W. Germany); clothes washers—6% (U.S.) to
49% (former W. Germany) (Schipper, Haas & Sheinbaum
1996). One recent analysis found that increases in the number
of appliances and relative size of residential homes in nine
OECD countries would have raised space-heating energy
use by 20–50% (depending on the country) with similar
increases for appliances, had these increases not been com-
pensated with increases in efficiency and fuel-switching
(Schipper, Haas, & Scheinbaum 1996).

Source:WEC 1995.

Growth in energy use in industrialized country commercial
buildings averaged 2.6% per year between 1971 and 1992,

consumption (104 EJ), with the largest share of consumptionnearly twice the rate of residential buildings. This growth
(62%) in industrialized countries. Residential buildings con- in energy use in commercial buildings was in large part
sumption is twice as great as that of commercial buildings. caused by increases in electric heating, computers, and other
However, these trends are changing quickly. Energy demandoffice equipment as well as growth in commercial floor space
in commercial buildings has grown about 50% more rapidly (Schipper & Meyers 1992). The United States has the largest
than demand in residential buildings for the past two decades.amount of commercial floorspace, but growth is highest in

such countries as Japan (4.1% per year), Finland (4.1% per
Industrialized countries year), and Norway (3.6% per year). The average growth in

floorspace for a sample of ten OECD countries was 2.3%
Population growth in OECD countries was the lowest of the per year from 1970 to 1990 (Sezgen & Schipper 1995).
three regions (0.8% per year between 1970 and 1990) and
it is projected to drop to 0.5% per year between 1990 and Some of the increase in commercial buildings energy
2020 (UN 1994). Gross domestic product (GDP) per capita demand has been counteracted by improved insulation and
grew more rapidly than population, averaging 2.3% annually more efficient lighting and other equipment. Newer commer-
between 1980 and 1991 (World Bank 1993a). cial buildings are designed more appropriately for their cli-

mate, are better insulated, and have more efficient space-
conditioning equipment and lighting. Older buildings areResidential building energy use in industrialized countries
becoming more efficient as improved technologies are incor-grew 1.4% per year between 1971 and 1992. The number
porated in the course of normal building renovation. A recentof households grew 1.5% per year faster than population
survey of U.S. buildings found that some energy-efficiencyduring this time (Schipper & Meyers 1992), leading to
measures had been installed in 95% of U.S. commercialincreased demand for energy for various residential services,
floorspace (EIA 1994).particularly for space heating, central air conditioning, water

heating, and energy-intensive appliances (refrigerators, color
televisions, and clothes washers). For example, in the U.K., Developing countries
the fraction of residences with central space heating grew
from 43% in 1974 to around 65% in 1983 (Ketoff et al. Rapid economic growth and population increases in develop-
1987). In 1970, only one-third of new single-family homes ing countries are bringing large increases in energy con-
in the U.S. had central air conditioning; by 1990 this number sumption in all sectors as countries expand their basic infra-
had climbed to over three-fourths (U.S. Congress, OTA structures. Annual population growth averaged 2.2% in
1992a). developing countries between 1970 and 1990, but is expected

to drop to 1.6% per year to 2020 (UN 1994). Even with
such a decline, this projection shows an increase of 60% inAt the same time, there has been a significant reduction in

the energy required to deliver various services, particularly the population of developing countries, reaching 6.5 billion
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Table 1. World Primary Energy Use in Buildings by Region in Exajoules (1971, 1980, 1990, 1992)

Avg. Annual
Growth Rate (%)

Region and Sector 1971 1980 1990 1992 1971–1992

Industrailized Countries

Residential 28 33 37 38 1.4

Commercial 15 19 24 26 2.6

Total Buildings 43 52 61 64 1.9

Developing Countries

Residential 5 9 15 16 5.7

Commercial 1 2 4 5 6.7

Total Buildings 6 11 19 21 5.9

EE/FSU

Residential 2 13 15 13 2.2

Commercial 3 5 8 7 4.9

Total Buildings 11 18 23 20 3.0

World

Residential 41 54 66 66 2.3

Commercial 19 27 37 38 3.4

Total Buildings 60 81 103 104 2.7

Source: British Petroleum 1994; IEA 1994a.

or 82% of the projected world total of 7.9 billion in 2020 ing country economies mature, increasing urbanization and
substitution away from traditional fuels to commercial fuels(World Bank 1993a). Economic growth rates vary signifi-

cantly among the developing countries, with low and some- will also increase purchased energy demand in residential
buildings.times negative growth in GDP/capita in sub-Saharan Africa

and Latin America contrasted with the rapid growth seen in
India, China, and many of the southeast Asian countries Because of the strong correlation between income level and

ownership of appliances, demand for energy services such(World Bank 1993a).
as refrigeration, television, and space conditioning will
increase as economies expand. Saturation levels of variousGrowth in purchased energy consumption for commercial

and residential buildings in developing countries grew 6.7% residential appliances for selected developing countries are
shown in Table 2, indicating that a large potential exists forper year and 5.7% per year, respectively, between 1971 and

1992, slightly more than twice the world average. Per capita further adoption in many countries. Air conditioners and
refrigerators account for a significant portion of residentialenergy consumption for buildings, particularly in Asia and

Latin America, grew faster than either population or GDP. electricity use by appliances. Rapid increases in appliance
ownership in developing countries are likely in the coming
years; such growth will lead to large increases in residentialResidential buildings in developing countries account for

76% of buildings energy consumption, and the share would electricity demand (Levine et al. 1996; U.S. Congress,
OTA 1992b).be even higher if biomass energy were included. As develop-
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countries, the growth in energy use in commercial build-
Table 2. Comparison of Saturation Levels for ings—expected to continue near the recent levels—is driven

Residential Appliances in Selected by substantial growth in illuminated and air-conditioned
Developing Countries (%) commercial floor space.

Eastern Europe and the Former Soviet UnionColor
Refrig- Tele- Air Clothes

The economic restructuring that has occurred in the EE/FSUCountry erator vision Conditioner Washer
since the late 1980s had a significant affect on buildings
energy use in this region. GDP dropped 10% in 1991 andBrazil1 66 352 4 22
another 4% in 1992 in Eastern Europe. Even larger decreases

China3 19 30 1 34 of 9 and 18% were seen in the former Soviet Union during
these years. But recovery has begun in some countries such

India 14–404 17–384 0–24 85
as the Czech Republic, Hungary, the Slovak Republic, and
the Baltics. Economic growth is expected to increase first

Mexico6 58 557 6 42 in Eastern Europe where slight growth was seen in 1993
and 1994, followed by the former Soviet Union (EBRDThailand8 63 117 18 22
1994). Population growth in this region was slightly higher
than that of the industrialized countries between 1970 and
1990, but is expected to drop to 0.2% per year to 2020Sources:
(UN 1994).1. Meyers et al. 1990.

2. Jannuzzi & Schipper 1991.
Between 1971 and 1988, residential energy use increased3. Sinton 1995 (based on 1993 data).
at a rate of 3.9% per year and energy use in commercial4. Tyler et al. 1994 (based on three cities surveyed).
buildings increased at 6.6% per year in the EE/FSU, resulting5. Sathaye & Tyler 1991.

6. Masera et al. 1993. in a 4.7% annual increase in energy used in all buildings
7. Friedmann 1995. over this period. Much of the EE/FSU building stock has
8. Thailand Load Forecast Subcommittee 1993. inefficient space-conditioning systems and energy-using

Note: For comparison, refrigerator saturation levels in 9 equipment, as well as poorly insulated building envelopes,
industrialized countries in 1988 were between 106 and 117% and therefore requires more energy to provide the same level
(indicating more than one refrigerator per household) and of energy services as a similar building in industrialized
clothes washer saturation levels were between 73 and 99%

countries. For example, buildings in the FSU require 50%(Schipper & Meyers 1992).
more energy to heat a square meter of floorspace (after
correcting for weather) than buildings in the U.S. (Cooper
& Schipper 1991). Building energy use has been affected
by the economic restructuring in the region since the late

The energy intensity of appliances used in developing coun- 1980s, leading to an average annualdecline in buildings
tries is often higher than that of similar appliances used in energy use of 3.8% was experienced between 1988 and
industrialized countries, implying a significant potential for 1992. This decline is expected to be temporary, however,
future savings. Studies in China, Egypt, India, Indonesia, as growth in the number of new buildings and the energy
and Mexico have found that the appliances produced locally services within those buildings is anticipated for both the
were significantly less efficient than world standards (Dutt residential and commercial buildings sectors.
1993; Levine et al. 1991; Liu 1993). In China, for example,
electricity consumption of a new 170-liter refrigerator varied In the residential sector, the largest end-uses are space heat-

ing, water heating, and cooking. The majority of the popula-by model from 24 to 32 kWh per month, higher than the
average Korean model with consumption of 20 kWh per tion in the EE/FSU lives in multi-family housing such as

large apartment buildings. The number of residents permonth (Meyers et al. 1993).
household is declining, leading to an increase in energy use
per household. For example, the number of residents perCurrently, demand for energy-using services in commercial

buildings varies considerably. In India, lighting is estimated unit in Poland dropped from 3.65 to 3.46 between 1978 and
1988. In the Czech Republic, residents per unit droppedto account for 50% of total electricity followed by space

conditioning and refrigeration (40%). In Mexico, the share from 2.92 to 2.76 between 1980 and 1991 (Meyers et al.
1995). At the same time, there has been a modest increaseof lighting can be even higher, while in Thailand space

conditioning accounts for 40 to 60% of total building energy in per-capita living area thereby driving up the demand for
particular end uses such as space heating. Residential livingdemand (Busch 1995; de Buen 1995). In most developing
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area per capita in the FSU increased 2.3% annually between investment decision criteria applied by investors under pre-
vailing market conditions.1972 and 1987 from 11m2/capita to 15.5m2/capita (Cooper

& Schipper 1991). Residential floorspace per capita, esti-
mated to be 16 to 17m2 per person in Poland and the Czech Technical potentials for energy efficiency
Republic, has also increased at similar rates (Meyers et al.improvements in buildings
1995). Per capita floorspace is still significantly less than
levels in Europe (25 to 33 m2 per person), Scandinavia (34 Table 3 presents an overview of the results of selected stud-
to 45 m2 per person), or the U.S. (61 m2 per person), suggest- ies, mostly for industrialized countries, of the technical
ing that large future increases in floorspace and related build-potential for energy efficiency improvement in residential
ings energy use could take place as the economic growthand commercial buildings. Technical potential savings range
continues (Meyers et al. 1995; Schipper & Meyers 1992; from 23 to 76% depending upon the sector, the country
U.S. Congress, OTA 1993). or region, and other assumptions. Economic and market

potentials, which only include those technologies and prac-
Primary energy use in the FSU commercial buildings sector tices that are cost-effective and are selected by consumers
grew at a rate of 3.4% per year between 1970 and 1988,in the marketplace, are lower. One study of electricity effi-
from 2.1 EJ to 3.9 EJ (Cooper & Schipper 1991). In Poland, ciency in residential buildings estimates that 45% of the
primary energy use for this sector grew from 0.3 EJ in 1970 technical potential during the period 1990 to 2010 is likely
to a peak of 0.7 EJ in 1987, at an average growth rate of achievable in the market (Brown 1994).
5% annually. Consumption dropped by over 9% per year
after that, to 0.4 EJ in 1992. In general, the commercial Energy-efficient technologies
sector in the EE/FSU is poorly lit, has little electrical office
equipment, and has equipment that is less efficient thanThe technologies to achieve energy efficiency improvements
that found in industrialized country commercial buildings apply to all modern buildings, whether in the industrialized
(Meyers et al. 1994a; Meyers et al. 1994b; Schipper & countries, the EE/FSU, or the developing world. Table 4
Martinot 1993). Commercial sector floorspace in the FSU describes some of the energy efficiency improvements that
grew from less than 3.0 m2 per capita in 1970 to about 5.5 can be made in buildings worldwide. Below we briefly
m2 per capita in 1987, a growth of 1.2% per year (Schipper review the potential for energy savings in building enve-
& Martinot 1993; Schipper & Meyers 1992). Like the resi- lopes, heating and cooling equipment, lighting, motors,
dential sector, the per capita floorspace is much lower thancooking, and office equipment. We also discuss building
the typical 10 to 16 m2 in Western Europe and 25 m2 in the energy management systems and building commissioning,
U.S. (Schipper & Martinot 1993), suggesting that a large operation, and management.
potential exists for growth in commercial sector energy

Building envelopes.Energy use can be reduced withdemand. Per capita energy use in the commercial sector in
building designs that include proper orientation, adequatePoland has already begun to rebound and strong growth in
insulation levels, proper sealing, overhangs, and high-qualitythe private retail sector driving an expansion of the commer-
windows. Improvements in the thermal characteristics ofcial building stock is expected (Meyers et al. 1994a).
windows and increases in wall and ceiling insulation in
residential buildings in China can reduce energy use byPOTENTIAL FOR REDUCING
40% relative to mid-1980s practice while allowing for a

ENERGY USE IN BUILDINGS considerable increase in indoor temperatures (Huang 1989).
A West German study that evaluated homes of different

There are several categories of efficiency improvement vintage in five building types found an economic potential
potentials. Thetheoretical potentialof energy efficiency of 40% of baseline heating energy (Ebel 1990). In the U.S.,
improvement for a certain process is determined by thermo- a government study estimated that energy savings of 30 to
dynamic laws. Thetechnical potentialis defined as the 35% could be attained over the 1990–2010 period through
achievable savings resulting from the most effective combi- retrofits in dwellings built before 1975 (EIA 1990). Adoption
nation of the efficiency improvement options available in of Swedish building practices, which rely heavily on assem-
the period under investigation. Applying economic con- bly from factory-built components, in the rest of Western
straints, we can also identify aneconomic potentialfor Europe and North America would bring a reduction of at
energy efficiency improvement, which is defined as the least 25% in the space-heating requirements of new dwell-
potential savings that can be achieved at a net positive eco-ings relative to those built in the late 1980s (Schipper &
nomic effect, i.e. the benefits of the measure are greaterMeyers 1992).
than the costs over the lifetime of the measure. Themarket
potential is defined as the potential savings that can be Heating and cooling equipment.Use of condensing

technology or high-efficiency heat pumps can reduce energyexpected to be realized in practice, and is determined by

Energy and Energy Efficiency in Buildings: A Global Analysis - 9.145



Table 3. Technical Potential for Energy Efficiency Improvement in Residential and Commercial Buildings

Sector Potential Country/Region

Residential
48%1 U.S.

27–46%2 U.S.
29%3 U.S.
36%4 U.S.
60%5 France, Germany, Italy, The Netherlands, UK

42–76%6 The Netherlands
31%7 Brazil

Commercial
23–49%2 U.S.

55%4 U.S.
65%5 France, Germany, Italy, The Netherlands, UK

41–74%6 The Netherlands
60%8 Slovak Republic
38%7 Brazil

Residential and Commercial
45%4 U.S.
43%9 Sweden

Sources:
1. Koomey et al., 1991. Technical potential for electricity relative to frozen efficiency.
2. Faruqui et al., 1990. Technical potential for electricity in the year 2000.
3. EIA, 1990. Technical potential for total energy use in the year 2010.
4. Rosenfeld et al., 1993. Technical potential for electricity in 1989 relative to frozen efficiency.
5. Krause et al., 1995. Technical potential for the year 2020.
6. de Beer et al., 1994. Technical potential for total energy use in the year 2000 and 2015 respectively relative to frozen efficiency.
7. Geller, 1991. Technical potential for electricity in the year 2010.
8. Kaan et al., 1995. Technical potential for fuels (heating) in the near term.
9. Bodlund et al., 1989. Technical potential for electricity relative to frozen efficiency.

Note: Frozen efficiency assumes that equipment and buildings are not retrofit during the analysis period and remain at the same
efficiency level until the end of the analysis period or until they are retired. It excludes those efficiency changes that would occur
through market forces during the period. In many cases, about half of the energy savings in the technical potential curves might be
achieved through market forces over a twenty-year time period. This convention is followed in order to more easily make comparisons
between different studies.

use for heating. Technical efficiency improvements for dis- compressors or smaller air-conditioning units. Efficiency
improvements generally come from improving the efficiencytrict heating systems include better insulation of pipes that

carry heat to and among buildings and improvement of the of the chiller, routing and designing ducts to minimize losses,
switching to a system using a heat pump, improved controls,operation and control of heating systems. Technologies to

increase air conditioner efficiency include better thermal improved maintenance, and reducing demand (U.S. Con-
gress, OTA 1992a). For U.S. residential electricity heatinginsulation, larger and/or improved heat exchangers, higher

evaporator coil temperatures, advanced refrigerants, more and cooling measures, one estimate found a technical savings
potential of 12% of total frozen efficiency space conditioningefficient motors, dual-speed or variable-speed compressors,

and more sophisticated electronic sensors and controls (Mor- energy use in 2010 (Koomey et al. 1991).
gan 1992; Geller 1995). For commercial buildings, large air-
conditioning systems using rotary or centrifugal compressors Lighting. Lighting accounts for a significant portion

(approximately 10 to 20%) of electricity use in all countries.are typically more efficient than systems based on reciprocal
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Table 4. Summary of Energy-Efficiency Improvements for Various Buildings Sector End-Use Services

Service Technology/Practice Energy-Efficiency Improvements

Building Envelope Windows Use double-glazed windows at a minimum. Low-e coatings reduce
heat losses by about one-third; double-pane window with gas-filled
spaces and two suspended reflective films inside reduces heat losses by
75 percent; use of thermal breaks to limit conduction losses through
the frame.

Insulation Adequately insulate ceilings and walls.

Ducts Reduce or eliminate leaks.

Space Conditioning Furnaces Condensing furnaces are 90 to 97% efficient (compared to U.S.
minimum efficiency standard of 78% for new gas-fired warm-air
furnaces).

Heat Pumps Electric air-source heat pumps are about twice as efficient as electric
resistance heaters. Ground-source heat pumps are even more efficient.

District Heating Increase insulation of pipes, repair inoperative radiator valves, install
thermostats and individual meters; improve operation and control of
heating systems.

Air Conditioners Use better internal insulation, larger heat exchanges, higher evaporator
temperatures, dual-speed or variable-speed compressor motors to
reduce on-off cycling, more efficient rotors and compressors, advanced
refrigerants, and more sophisticated electronic sensors and controls.

Water Heating Water Heaters Increase insulation of water heaters; use electronic ignition for gas
water heaters and higher efficiency gas burners. Use air-source,
exhaust-air, and ground-source heat pump water heaters.

Refrigeration Refrigerators Use of advanced compressors, evacuated panel insulation, and other
features lead to refrigerators that consume half as much electricity per
volume as those that meet the U.S. 1993 appliance standards.

Clothes Washing/Drying Clothes Washers Change from vertical-axis to horizontal-axis technology, reducing
energy use by about two-thirds. Increasing spin speed during the spin-
dry cycle of a clothes washer can reduce drying energy use by 30 to
50%.

Clothes Dryers Use heat pump dryers, leading to savings of 70% over conventional
dryers.

Cooking Biomass Stoves Improved biomass stoves can reduce the fuel used for cooking a
standard meal by 30 to 40%. An additional 50% fuel savings results
from switching to kerosene stoves. Solar ovens can also replace
biomass stoves.

Lighting Compact Fluorescent Replace incandescent lamps with CFLs which require 75% less
Lamps electricity.

Fixtures Use specular reflective surfaces inside a fluorescent lamp fixture,
increasing light emitted and allowing for removal of lamps
(delamping).

continued
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Table 4. Summary of Energy-Efficiency Improvements for Various Buildings Sector End-Use Services
(continued)

Service Technology/Practice Energy-Efficiency Improvements

Ballasts Electromagnetic ballasts reduce ballasts losses to about 10% (vs. 20%
of magnetic ballasts). Solid-state electronic ballasts increase the
efficiency of the ballast/lamp system by approximately 20 to 25%.

Lighting Control Systems Savings of 10 to 15% with photocell controls, 15 to 30% with
occupance sensors, and up to 50% in perimeter zones with daylighting
dimming systems. Also use multi-level switches, timers, and task
lighting.

Motor Power Variable Speed Drives Savings of 15 to 40% over a standard motor depending on application.

Energy-Efficient Motors Savings of 2 to 15% over a standard motor depending on the motor
size.

Specifying and Optimal sizing of motors, pumps, fans, compressors, and cables can
Maintenance reduce losses. A good maintenace program can reduce motor

electricity by up to 10 to 15%.

Energy Management Building Energy Systems range from point-of-use timers to complex microprocessor-
Management Systems based systems that minimize unnecessary equipment operation and

provide other functions such as economizer cycling or varying supply
air or water temperatures and limiting peak electric loads by
selectively switching off or cycling loads.

Building Performance Advanced Energy Recent building performance case studies suggests that typical savings
Assurance Management Systems of about 15%, and as much as 40% of annual energy use can be

gained by compiling, analyzing, and acting upon energy end-use data.

Source: Claridge et al. 1994; Levine et al. 1996; Levine et al. 1995.

Studies of economic potential energy savings for lighting industrialized countries and the EE/FSU. In the industrial-
ized countries, there is relatively limited potential (10 toin commercial buildings in different countries have produced

a range of savings estimates: 35% for the U.S. (Atkinson et 20%) to improve the technical energy efficiency of primary
cooking devices. In developing countries, use of improvedal. 1992); between 36 and 86% for five countries in Western

Europe (Nilsson and Aronsson 1993); 70% in Thailand wood-burning stoves can reduce the fuel used for cooking
a standard meal by 30 to 40% (Leach and Gowan 1987;(Busch et al. 1993); 22% in Brazil (Jannuzzi et al. 1991);

and 35% in India (Nadel, Kothari & Gopinath 1991). Levine et al. 1996). Switching to a kerosene stove results
in an additional 50% fuel savings (Dutt and Ravindranath
1993).Motors. Motors are the largest end user of electricity in

most countries. An analysis for the U.S. estimated that elec-
tric motor energy use in industry and buildings can be Office equipment. It is estimated that energy-saving

power management software for personal computers, moni-reduced by 16 to 40% by applying a variety of the measures
discussed, especially variable-speed drives (Nadel et al. tors, printer, copiers, and fax machines can save 22% of

projected U.S. commercial sector electricity use by these1991). Another study estimated an even higher savings
potential (for motors in all sectors) of 44 to 60% (Lovins products in 2010. Use of advanced technologies such as

LCD screens and CMOS (Complementary Metal Oxideet al. 1989).
Semiconductor) chips coupled with the use of less energy-
intensive printers can lead to savings of almost 60%Cooking. Cooking is the largest home energy use in most

developing countries, but a relatively minor end use in the (Koomey et al. 1995).
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Building energy management systems.Building growth rates are 0.4% for industrialized countries, 1.7% for
EE/FSU, and 1.9% for developing countries.energy management and control systems regulate the opera-

tion of heating, ventilation, air conditioning, and lighting in
buildings. It is estimated that computerized energy-manage-Similar scenarios have been developed for energy use in the
ment equipment typically provides 10 to 20% energy savings industrial, transport, and agricultural sectors (see Table 6)
(Geller 1988). A study in Texas identified potential annual (Worrell et al. 1996). Under the business-as-usual and eco-
energy savings of 23% of total building energy costs in 35 logically driven/advanced technology scenarios, buildings
commercial buildings and 104 schools (Liu et al. 1994). energy use grows from 33% of world primary energy use

in 1990 to 38% in 2020. In contrast, industrial energy use
drops from 44% in 1990 to 37% in 2020.4 Thus, these scenar-Bu i l d i ng commiss ion ing , ope ra t i on , and
ios suggest that energy use for buildings may be greatermaintenance.A major problem in all commercial build-
than energy use in the industrial sector in 2020.ings—even those that are designed and built to be energy-

efficient—is that they rarely perform as intended. There is
The highest average annual growth rates are seen in thea need to test buildings before or during early occupancy to
transport sector. Annual growth in the buildings sector isverify that the design and equipment are performing cor-
expected to be higher than growth in the industrial sector,rectly (‘‘commissioning’’). Periodic monitoring and mainte-
the agricultural sector, and in the world as a whole. Rela-nance to assure continued correct performance is required
tively high average annual growth rates are seen in both theduring the lifetime of the building. Period monitoring can
EE/FSU and in the developing countries in all three scenar-save between 15 and 30% of annual energy use (Claridge
ios. In the developing countries, this growth is based onet al. 1994).
growing populations and increased residential and commer-
cial construction. In the EE/FSU, high growth in this sector

SCENARIOS OF GLOBAL a result of a shift from a heavy industrial to a more consumer-
based economy, with considerable growth in the numberBUILDINGS ENERGY USE
and floor area of residential and commercial buildings in
the region.Three scenarios for buildings energy use during the period

1990-2020 were developed (see Table 5) (WEC 1995). The
business-as-usual scenario assumes continued use of the mixENERGY-EFFICIENCY POLICY
of current technologies and reflects current trends. The state-INSTRUMENTS
of-the-art scenario assumes the replacement of existing stock
with the current most efficient technologies available. The Both the state-of-the-art and the ecologically driven/
ecologically driven/advanced technology scenario assumesadvanced technology scenarios rely upon increased use of
a more rapid uptake of current state-of-the-art technologiesenergy-efficient technologies and practices to keep buildings
and adoption of some advanced technologies that are notenergy use below the doubling expected under the business-
yet commercially available. as-usual scenario. To realize the energy savings inherent in

such scenarios, there are at least four essential requirements:
Under the business-as-usual scenario, global buildings(1) real increases in energy prices; (2) effective use of energy
energy use grows at a rate of 2.4% per year, increasing fromefficiency policies; (3) major programs to transfer knowl-
103 EJ in 1990 to 207 EJ in 2020. Of the doubling in energy edge, technology, and tools for transforming markets to the
use in buildings projected to occur by 2020, 21 EJ is in the EE/FSU and developing countries; and (4) continued efforts
industrialized countries, 45 EJ is in the EE/FSU, and 38 EJ to pursue research and development in technologies and
is in developing countries. practices to increase energy efficiency in buildings.

In the state-of-the-art scenario, energy demand in buildingsReal increases in energy prices
increases from 103 EJ in 1990 to 171 EJ in 2020, at a
rate of 1.7% per year. Average annual growth is 0.8% for Typically worldwide consumer energy prices do not reflect
industrialized countries, 2.7% for EE/FSU, and 2.8% for the full costs of energy production, transmission, and distri-
developing countries. Overall, 41% of energy growth occurs bution (as well as environmental costs) because these prices
in the EE/FSU, 36% in developing countries, and 23% in are often subsidized. In 1991, world fossil fuel subsidies
the industrialized countries. reduced consumer energy prices by 20 to 25%. Subsidies

are greatest in the developing countries and in EE/FSU, with
the bulk of global fossil fuel subsidies in the latter regionIn the ecologically driven/advanced technology scenario,

world energy demand in buildings grows at a rate of 1.0% (Kozloff and Shobowale 1994). Between 1979 and 1991,
electricity prices in developing countries were on averageper year, from 103 EJ in 1990 to 140 EJ in 2020. Annual
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Table 5. Estimated Primary Energy Consumption in Residential and Commercial Buildings for Three Scenarios
for the Year 2020 (in EJ)

Ecologically Driven/
Business-as-Usual State-of-the Art Advanced Technology

Energy Energy Growth Energy Growth Energy Growth
Sector/Region 1990 2020 (%/yr) 2020 (%/yr) 2020 (%/yr)

Residential

Industrialized countries 37 44 0.7 42 0.5 39 0.3

EE/FSU 15 42 3.5 32 2.6 24 1.6

Developing countries 15 43 3.6 32 2.6 25 1.7

Total 66 129 2.3 106 1.6 87 0.9

Commercial

Industrialized countries 24 38 1.4 35 1.1 30 0.6

EE/FSU 8 26 4.0 19 2.9 14 1.9

Developing countries 4 14 4.3 11 3.4 8 2.3

Total 37 79 2.6 65 1.9 53 1.2

All Buildings

Industrialized countries 61 82 1.0 77 0.8 69 0.4

EE/FSU 23 68 3.7 51 2.7 38 1.7

Developing countries 19 57 3.7 43 2.8 33 1.9

TOTAL 103 207 2.4 171 1.7 140 1.0

Source: WEC 1995.

40% lower than electricity prices in industrialized countries. eliminated across-the-board subsidies, electricity prices in
Korea have reached the level of costs, and energy prices inThe disparity grew over the period from an average differ-

ence of 2.3 cents/kWh (1986 US$) between 1979 and 1984 Poland are being adjusted to reflect full economic costs
(World Bank 1993b; Larsen and Shah 1992; Polish Ministryto an average difference of 3.4 cents/kWh between 1985 and

1991. A survey of electricity prices of over 60 developing of Industry and Trade 1992). In Chile, energy prices rose
following power sector privatization and reforms that elimi-countries found that electricity subsidies grew during the

1980s (World Bank 1990). In 1991, the average electricity nated government intervention in setting prices. In Colom-
bia, Peru, Jamaica, Costa Rica, and Bolivia, privatization ofprice in developing countries was 4 cents/kWh while the

marginal costs were about 10 cents/kWh (Heidarian and Wu part or all of the energy supply industry is currently taking
place, and is expected to lead to deregulation of electricity1994). Comparison of retail electricity prices to the marginal

costs of supply found ratios of 50 to 60% in China, 66% in prices in these countries (Bacon 1995). After many years of
trying, the Chinese government initiated significant energyBrazil, 29% in Poland, and 63% in Mexico in the late 1980s

(Bates 1993). price reforms starting in 1993. By 1994, 90% of all coal
was no longer subject to price regulations, and the price of
this coal reflected most of the supply costs. In 1993, electric-Energy prices in some areas are beginning to more closely

reflect costs in response to commercialization of the electric- ity price reforms in China led to prices for new power
projects based on the cost of generation plus a return onity industry and investment by independent power producers

(Anderson 1995). For example, Thailand has essentially capital. This change, plus higher prices for power from exist-
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Table 6. Estimated World Primary Energy Consumption for Three Scenarios for the Year 2020 (in EJ)

Ecologically Driven/
Business-as-Usual State-of-the-Art Advanced Technology

Energy Energy Growth Energy Growth Energy Growth
Sector 1990 2020 (%/yr) 2020 (%/yr) 2020 (%/yr)

Buildings 103 207 2.4 171 1.7 140 1.0

Industry 136 205 1.4 173 0.8 139 0.1

Transport 61 137 3.3 108 2.3 82 1.2

Agriculture 9 16 2.1 13 1.3 12 0.8

Total 309 566 2.0 465 1.4 371 0.6

Source: Worrell et al. 1996.

ing power plants, means that electricity prices may in time grams. Such policies accelerate adoption of energy-efficient
technologies by addressing factors that often hinder imple-approach deregulated, marginal costs (Wang, Sinton & Lev-

ine 1995). mentation (Levine et al. 1996; Worrell et al. 1996).

The international lending organizations, led by the World Financial incentivesto increase energy efficiency account
Bank, have been strong proponents of energy price deregula-for the majority of public-sector spending on energy effi-
tion in developing countries. The largest hurdle to such price ciency in most countries. For example, in the U.S., 84%
increases involves the impact on low-income consumers. ($230 million in 1991) of the Department of Energy’s budget
This is a serious problem in many developing countries, is spent on grants for retrofits to existing buildings (U.S.
since low-income urban families often spend a substantial Congress, OTA 1992a). Most countries provide large incen-
portion of their income on energy. Recent surveys in urban tives for electricity supply, leading to lower energy prices
areas of developing countries show the poorest 20% of theand disincentives to investment in energy efficiency.
population spending 20% of their income on energy (Barnes Recently electric utilities in some industrialized countries
et al. 1994). The impacts of higher energy prices on the have provided targeted financial incentives for specific
urban poor can be mitigated in several ways. A low tariff energy efficiency measures (e.g., energy-efficient lighting
for the lowest consumption block can be instituted, the so- retrofits for commercial buildings). Other financial in-
called ‘‘lifeline rate’’ in the U.S. Subsidies for energy effi- centives have been provided from government and utility
ciency improvements can be targeted at low-income urbanfunds to provide a ‘‘carrot’’ for the rapid commerciali-
dwellers. Such subsidies could moderate an increase inzation of energy-efficient technology (e.g., more efficient
energy services. Because the lowest income population con-refrigerators).
sumes a relatively small proportion of total energy in devel-
oping countries, revenue obtained from energy price Building codes, which require minimum levels of energy
increases would be expected to far exceed any subsidies toefficiency in new construction, were adopted in at least 30
the low-income consumers. countries as of 1992 (Janda and Busch 1993). Such codes

range from voluntary goals to specific, comprehensive
requirements directed toward savings in all areas of buildingsEnergy efficiency policies
energy use.

Energy efficiency policies include use of financial incentives
(direct subsidies, low-interest loans, and tax credits), build- Appliance energy efficiency standardshave been aggres-

sively pursued in the U.S. Since the passage of the Nationaling codes, appliance standards, information programs, utility
integrated resource planning (including demand-side man- Appliance Energy Conservation Act (NAECA) in 1987, the

federal government has mandated standards for such prod-agement), and market-aggregation (or market-pull) pro-
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ucts as refrigerators, water heaters, furnaces and boilers,Programs to transfer knowledge, technology,
central air conditioners and heat pumps, room air condition- and tools to the EE/FSU and developing
ers, clothes washers, dryers, dishwashers, oven, and lightingcountries
ballasts. The standards already in place are expected to
reduce energy consumption in the U.S. by 1.1 EJ/year by Efforts to promote energy efficiency have illuminated the
the year 2000 with a cumulative savings of 45 EJ by 2015 need for closer collaboration between countries, especially
(McMahon, Pickle, and Turiel 1996). in the areas of technological innovation, strengthening of

local capacity, and increased training and information. Tech-
Information programsare designed to assist energy consum- nological solutions from industrialized countries may not
ers in understanding and employing technologies and prac-be applicable to EE/FSU and developing countries without
tices to use energy more efficiently. These programs aim additional applied research and development (R&D). The
to increase consumers’ awareness, acceptance, and use oftechnical operating environment in these countries is often
particular technologies or utility energy-conservation pro- different from that of industrialized countries. For example,
grams. Examples of information programs include educa- poorer power quality, higher environmental dust loads, and
tional brochures, hot lines, videos, home energy-rating sys-higher temperatures and humidity require different energy
tems, design-assistance programs, audits, energy-use feed-efficiency solutions than successful solutions in industrial-
back programs, and labeling programs. Such programs tendized country conditions. Technologies that have matured
to be most effective when coupled with other types of poli- and been perfected for the scale of production and market
cies (e.g., financial incentives). conditions in the industrialized countries are not necessarily

the best choice for the smaller scale of production or different
Utility integrated resource planning(IRP), which has been operating environments often encountered in other countries.
applied primarily in industrialized countries, is used to assess
all options for meeting energy service needs, including util- Another important arena for cooperation between countries
ity-sponsored end-use efficiency or demand-side manage-involves the development and strengthening of local techni-
ment (DSM) programs. DSM programs in the U.S., which cal and policy-making capacity in developing countries.
are now on the decline due to the current restructuring efforts,There is inadequate attention to the development of institu-
have promoted a wide variety of end-use efficiency measurestional capacity and technical and managerial skills needed
that are less costly than energy supply additions. Thailand to make and implement energy efficiency policy. In some
launched a multi-sectoral DSM program to invest US$ 189 cases, new institutions (such as the energy-efficiency centers
million over five years (estimated to be half the cost of new that have been created in Russia, Eastern Europe, and China)
supply) that is aimed at saving as much as 1400 MW of are needed to make certain that energy efficiency and alterna-
peak demand and 3400 GWh annually (Silver 1996). Utilities tive energy investments are treated equally with traditional
in Mexico and Brazil have been active in DSM programs. supply investments and make it possible to ‘‘bundle’’ a large
Brazil’s national electricity conservation program (PRO- number of demand-side investments into a large investment
CEL) is estimated to have saved the equivalent of a 250 so that they can attract capital (Gadgil & Sastry 1992).
MW power plant (Tavares 1995).

Finally, there is a great need for increased training andAn innovative policy mechanism to transform the market
information for EE/FSU and developing countries. Trainingtoward the production and consumption of more efficient
efforts need to address all major elements of energy effi-products is‘‘market aggregation,’’or the organized use of
ciency, including in-depth studies in engineering, econom-buyer demand to stimulate new supplies of a product or
ics, public policy, and management. Such training needs toservice. NUTEK, the Swedish National Board for Industrial
be both theoretical and practical. Substantial assistance fromand Technical Development, has successfully undertaken
industrialized countries in creating and conducting trainingseveral technology-procurement projects for more efficient
coursed may be necessary.refrigerator-freezers, laundry equipment, high-performance

windows, computer monitors, office lighting, electronic bal-
Research and development for energy-lasts and other products (Harris 1995; Lewald and Bowie
efficient technologies and practices1993). In the U.S., recent activities include a Federal ‘‘Pro-

curement Challenge,’’ which directs all federal agencies to
purchase energy-efficient products that are in the top 25% Research and development (R&D) is the process that gener-

ates and refines new energy-efficient technologies. Differentof the market. In the U.S., a series of ‘‘green’’ programs
have been developed and implemented by the federal govern- stages of R&D can be distinguished: basic research, applied

research, experimental work, and demonstration (OECDment to encourage consumers and/or manufacturers to pur-
chase or produce more efficient technologies (U.S. EPA 1993). In general, only large industries and governments

have the resources and interest to conduct R&D. The build-1994).
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ings industry, in contrast, is highly fragmented. For example, use for buildings will double by 2020. These studies also
found that by 2020, global buildings energy demand is likelysingle-family residential construction firms in the United

States alone number more than 90,000 (U.S. Congress, OTA to be greater than energy use in any of the other sectors,
including the industrial sector which has typically dominated1992a). This fragmentation makes it difficult for the industry

to pool its resources to conduct R&D. There is, however, world energy use.
R&D carried out by suppliers to the construction industry
(e.g., insulation and window manufacturers, heating, venti- Even aggressive scenarios that include the use of advanced
lation, and cooling (HVAC) equipment, and appliance technologies coupled with ecologically-driven policies are
manufacturers). not expected to keep buildings energy use at 1990 levels

due to the high demand growth expected in the developing
Government-sponsored R&D has played a key role in devel- countries and the EE/FSU. However, the ecologically driven/
oping and commercializing energy-efficient technologies. advanced technology scenario shows reductions in energy
Low-e windows, electronic ballasts, and high-efficient growth of 65% from a business-as-usual case. Realizing
refrigerator compressors are examples of widely use techno-such savings will require aggressive use of energy-efficiency
logies whose origins can be traced to public-sector funding policies, major programs to transfer knowledge, technology,
of research. Maintaining public support for energy-efficiency and tools for transforming markets to the EE/FSU and devel-
R&D is essential to ensure the availability of the next genera- oping countries, and continued efforts to pursue research
tion of energy-efficient technologies. and development in technologies and practices to increase

energy efficiency in buildings.
Currently, widespread cutbacks in energy R&D, both public
and private, threaten the continuity of the R&D effort.

ACKNOWLEDGMENTSBetween 1977 and 1992, public non-defense energy R&D
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energy R&D is expected to decline, particularly as a result the Office of Policy, Planning, and Analysis of the U.S.
of utility and industry efforts to reduce costs to compete in Department of Energy under Contract No. DE-AC03-
more open markets. In 1990, less than 6% of the energy76SF00098.
R&D budget of IEA countries was spent on energy conserva-
tion and 6% was spent on renewable energy, while spendingENDNOTESon nuclear fusion (46%), nuclear fission (11%) and fossil
energy (18%) dominated (IEA 1994b).

1. We recognize that these divisions hide significant
regional differences, especially in the category of devel-Williams and Goldemberg (1995) assert that R&D should
oping countries. Future work will further disaggregatebe asustained activity, because it takes large resources to
these three regions, more closely grouping countries inbuild up a knowledge infrastructure, and the key to success is
terms of level of economic development.so-called ‘‘tacit knowledge’’ (unwritten knowledge obtained

by experience), which is easily lost (Dosi 1988). They also
advocate adiversified portfolio, as not all R&D will lead to 2. Unless otherwise noted, all energy data in this section
commercialization. Giving priority to relatively small-scale exclude traditional fuels (crop wastes, dung, etc.) and
technologies like energy efficiency and renewables allows include losses from electricity generation, transmission,
a diversified portfolio with limited budgets. A diversified and distribution. Converting the end use of energy into
portfolio also makes it possible to meet the different R&D its primary equivalent is a difficult accounting task since
demands of industrialized and developing countries. Finally, each country has a different fuel mix, which is trans-
they believelong-term researchshould be protected against formed, transported, and consumed. Many of the
the often more costly demonstration and commercialization energy-consumption statistics cited in the study are
initiatives. Sustainable energy policies should secure conti- based on end-use consumption statistics collected by
nuity of R&D funds by appropriate funding mechanisms, the International Energy Agency (IEA). We assigned
by public funding of valuable R&D that it is not executed an average approximation for the conversion of electric-
by industry, and cost-sharing of R&D (U.S. DOE 1995) ity. We use a conversion factor for primary energy into
where both private and public benefits are produced. electricity of 3.1 for OECD countries and 3.5 for non-

OECD countries. Such an approximation inaccurately
reflects the situation of many individual countries. Also,CONCLUSIONS
the assignment of one conversion factor for the whole
time period of the study does not capture improvementsRecent studies found that without increased use of energy-

efficient technologies and practices, global primary energy of generation efficiency. In future analyses, we intend
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to modify this assumption and include the effects of Busch, J.F. (Lawrence Berkeley National Laboratory). 1995.
Personal communication.efficiency improvements in electricity generation.

Busch, J.F., du Pont, P., and Chirarattananon, S. 1993.3. 1 EJ4 23.833 Mtoe4 1/1.054 quadrillion Btu.
‘‘Energy-Efficient Lighting in Thai Commercial Buildings.’’
Energy: The International Journal.18 (2): 197–210.4. For the state-of-the-art scenario, buildings and industrial

energy use are both 37% of world primary energy use
Claridge, D., Haberl, J., Liu, M., Houcek, J., and Athar,in 2020.
A. 1994. ‘‘Can You Achieve 150% of Predicted Retrofit
Savings? Is It Time for Recommissioning?’’ InProceedings5. For more information on subsidies and efforts at price
of the ACEEE 1994 Summer Study on Energy Efficiency inreform, see Worrell et al. 1996.
Buildings (Vol. 5).Washington D.C.: American Council for
an Energy-Efficient Economy.
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