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Foreword

Our Nation has a history of people working towards common goals. It has demonstrated this in time
of war, in landing a man on the moon, and in reducing energy use during the oil crises of the 1970s.
However, in each case, the effort was sustained less than a decade; the desired goals were achieved or
the crises passed.

The United States is the world's leading industrial society and largest single emitter of carbon
dioxide. Climate change therefore presents a unique challenge to this Nation. It is a threat that will require
major prudent political actions even before al the scientific certainties are resolved. The analysis,
prevention, and remediation of global warming will require unprecedented international cooperation and
action—an effort requiring actions sustained over decades, not just a few years.

Carbon dioxide and chlorofluorocarbon (CFC) emissions are responsible for 80 percent of the
“global warming commitment” caused by human activities over the last decade. A landmark
international agreement to totally phase out the use of CFCs by the year 2000 is already in effect. Many
of the nations involved in that accord are now seeking ways to reduce the carbon dioxide emissions. This
task is clearly more daunting since most industrialized nations currently depend so heavily on fossil
fuels—the major source of carbon dioxide—for their economic well-being.

For this reason, this assessment focuses principally on ways to cut carbon dioxide emissions both
in the United States and in other countries as well, although it does examine all greenhouse gases. The
report responds to the concerns of six Committees of Congress who requested in 1988 that OTA
undertake this study. The Senate requesting Committees are: Commerce, Science, and Transportation;
Energy and Natural Resources; Environment and Public Works; and Governmental Affairs. The House
requesters are: Committee on Science, Space, and Technology; and the Committee on Foreign Affairs.

This assessment shows that major reductions of carbon dioxide and other greenhouse gases will
require significant new initiatives by the Federal Government, by the private sector, and by individual
citizens. Many of these initiatives will pay for themselves; for others, the economic cost may be
considerable. And many of these efforts must be sustained over decades.

Although many ancillary environmental benefits will accrue from the actions necessary to effect a
major reduction of U.S. carbon dioxide emissions, such a decrease will not, in itself, significantly
decrease the greenhouse effect. Other nations will have to take similar actions and, even then, those
actionswill only slow any warming trend. An Intergovernmental Panel on Climate Change and the U.S.
Environmental Protection Agency estimated that at least a 50- to 80-percent worldwide reduction in
carbon dioxide emissions is needed to keep the atmosphere at today’ s already altered level.

That level of reduction requires the world to wean itself from fossil fuels if it hopes to keep emissions
from growing steeply under the combined pressure of economic and population growth. Steps taken now
to use more efficient energy technologies would reduce emissions while buying time required for the
transition to nonfossil fuels.

OTA appreciates the support this effort received from hundreds of contributors both from the United
States and abroad. Workshop participants, reviewers, contractors, and informal advisers provided OTA
invaluable support as it attempted to sift through the voluminous material on this subject. OTA, however,
remains solely responsible for the contents of this report.
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Director
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Chapter 1
Summary

CLIMATE CHANGE AND
GREENHOUSE GASES

The first photographs from space brought home
the fact that Earth is an integrated and isolated
system. Concern that human impacts could be
changing the equilibrium of this system grew in the
1970s as theories about ozone depletion and the
“*greenhouse effect developed. The concept of the
Earth changing over various time scales was not
new: solar and astronomical cycles, the waxing and
waning of ice ages, and seasonal changes have long
been recognized. What was new was the realization
that humans can have a lasting and far-reaching
impact on Earth’s natural fluctuations and cycles.

Potential human impacts on climate are linked to
the globally increasing emission of “greenhouse
gases ' through activities such as burning fossil
fuels (coal, ail, natural gas); deforestation; fertiliz-
ing croplands; and heating, air-conditioning, and
lighting buildings. Greenhouse gases, like other
atmospheric gases, allow sunlight to reach and warm
the Earth’' s surface; unlike other atmospheric gases,
however, they trap much of the heat and keep it from
escaping back into space. Such gases, therefore, aid
in warming the surface of the Earth. Some of
them-the chlorofluorocarbons (CFCs) and hal ons—
also react with sunlight in the upper atmosphere to
destroy the ozone layer around the Earth. In industri-
alized countries, greenhouse gas emissions are
primarily related to energy use; with only 20 percent
of the world population, these countries account
for 75 percent of annual energy use, In developing
countries, current greenhouse gas emissions are tied
primarily to changes in land use practices (e.g.,
deforestation).

We cannot yet predict the magnitude of climatic
effects from greenhouse gas emissions with accu-
racy. But it is clear that the decision to limit
emissions cannot await the time when the full
impacts are evident. The lag time between emission
of the gases and their full impact is on the order of

decades to centuries;” so too is the time needed to
reverse any effects. Today’s emissions thus commit
the planet to changes well into the 21st century. And
the lag times between identification of policy
options, legislation of controls, and actual imple-
mentation can also be considerable. For example,
the recent reauthorization of the Clean Air Act took
10 years; implementation of the Act will begin now
and continue over the next 10 to 20 years.

Among individual countries, the United Statesis
the leading contributor of greenhouse gases. With 5
percent of the world' s population, the United States
accounts for about 20 percent of the worlds
warming commitment (ref. 56; see figure I-1a). U.S.
CO,emissions (20 percent of the global total)
originate almost exclusively from fossil fuel com-
bustion. Anthropogenic sources of methane in the
United States account for about 6 percent of global
emissions from all sources, among the anthropo-
genic sources, landfills, coal mining, and domestic
animals account for most of the U.S. total (2, 24).
The United States also consumes between 20 and 30
percent of the world’ sSCFC-11 and CFC-12, the two
most damaging chlorofluorocarbons in terms of
globa warming. Roughly 60 to 70 percent of these
CFCsare used in air-conditioning or in the produc-
tion of thermal insulation; these gases are scheduled
to be phased out by the year 2000 under the revised
Montreal Protocol. U.S. nitrous oxide emissions
(roughly 15 to 20 percent of the manmade global
total; refs. 6, 24) originate primarily from fertilizer
breakdown and high-temperature fossil-fuel com-
bustion. Greenhouse gas emissions are closely
entwined in the United States with energy use;
currently, America uses about 15 times more energy
per person than does the typical developing country.

The warming commitment or ‘‘radiative forcing
caused by the different greenhouse gases is not
equal. It depends on the absorbing characteristics,
concentration in the atmosphere, and the lifetime of
each gas. Although the other gases are more potent
on a per molecule basis, currently CO,accounts for

2The atmospheric lifetime of CO, is 50 to 200 years; N,0, about 150 years; CFCs and halons, from 60 to 400 years; and CH,,10 years. CFC
replacements allowed under the Montreal Protocol for the next several decades have lifetimes of lessthan 40 years,
3The U.S, Department of Energy (DOE) found that of an [ 8-percent reduction in residential energy use between 1972 and 1984, one-third was due

to behavioral changes (53).
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Box I-A—The OTA Study in Context

The six congressional committees requesting this assessment asked OTA to focus on a very specific question:
“Can the United States reduce carbon dioxide emissions in the near term?”’

Changing by Degrees does not examine in depth many equally difficult questions such as the science of climate
change, the uncertainties and state of atmospheric modeling, or the projected ecologica effects of global warming.
Rather, most of OTA’s resources have been devoted to analyzing technical options to decrease CO,, although
methane, nitrous oxide, and chlorofluorocarbon (CFC) emissions are addressed wherever possible. At the time of
their request, the congressional committees were well aware of ongoing international efforts to phase out CFCs and
halons; since OTA's study began, successful negotiations have been completed.

To answer the question Congress posed, OTA focuses specifically on potential emissions reductions in the
next 25 years. The analysis is structured around six key sectors of the U.S. economy: Buildings, Transportation,
Manufacturing, Energy Supply, Forestry, and Food. To the extent possible, the report quantifies the potential for
emissions reduction within each sector—areas where gains in efficiency, product substitution, conservation, or other
technica options can ameliorate increases in CO,and other greenhouse gases. A selection of policy options that
appear to offer the most promise for achieving these reductions in the United States is presented. OTA was charged
to look abroad as well, so the specia needs of Eastern Europe, the U. S. S. R,, and developing countries-with respect
to both energy and natural resource issues—are also addressed.

In our detailed analysis of potential emissions reductions for the United States, we consider an extensive suite
of technical options. For example, we estimate the potential increments of CO,reduction from electric utility fuel
switching, possible improvements in automobile efficiency, changes in commercial building construction, more
efficient manufacturing processes, etc. Most of the options relate to decreasing emissions, although some, such as
reforestation, involve recapturing gases aready emitted to the atmosphere.

The assessment lays out three paths: a Base case (“business as usua”), a Moderate (essentially “no-cost”)
case, and a Tough case. Only the last fulfills the congressional request and reduces future CO,emissions—to a level
in 2015 that is 20 to 35 percent lower than today. Some will argue that our estimates of emissions reductions are
both poalitically unattainable and costly. Others will decry a 20-to 35-percent reduction as not being nearly enough;
the Intergovernmental Panel on Climate Change and the U.S. Environmental Protection Agency recently estimated
that the world must reduce CO,emissions by at least 50 to 80 percent to stabilize the atmosphere. Congress' request
that we work within a 25-year timeframe in the study proved to be a two-edged analytic sword. It forced OTA to
take a close look at where U.S. CO,emissions were heading without policy intervention. But, 25 years also is too
short a period to include a scenario in which fossil fuels are supplanted with such nonfossil fuel sources as renewable
and improved nuclear energy Sources.

Indeed, the United States described 25 years hence in this report does not sound fundamentally different from
what we know today. However, an underlying theme in OTA'’s report is that a strong R&D effort is pivota to
bringing non-CO,(i.e., nonfossil fuel) sources to commercialization as quickly as possible, even as all sectors of
the economy move to use more efficient equipment and decrease energy consumption. If long-term R&D is geared
to that purpose, then new nonfossil supply technologies can start to replace existing powerplants and equipment
early in the next century.

Many of the technical options evaluated here are worth pursuing for other reasons in addition to climate change,
because they address other important U.S. goals such as energy security, local environmental quality, and economic
competitiveness. They can reduce emissions in the short-term, reduce total energy demand, and serve to bridge the
U.S. economy from afossil-fuel age to a nonfossil future.

The warming commitment or ‘‘radiative forcing’
caused by the different greenhouse gases is not
equal. It depends on the absorbing characteristics,
concentration in the atmosphere, and the lifetime of
each gas. Although the other gases are more potent
on a per molecule basis, currently CO,accounts for
an estimated 55 percent of the commitment to global
warming. This is largely due to the fact that so much
CO,has been emitted worldwide (6 billion metric

tons of carbon in 1988) as to swamp the higher
radiative forcings per unit of the other gases (24).
Still, CFCs are responsible for 24 percent of the
current commitment to global warming; CH,is
responsible for 15 percent and N,O for 6 percent (see
figure I-Ib).

Recently, public interest and concern over global
changes intensified with the discovery of the annual
ozone hole over Antarctica, thinning ozone over the
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Figure I-l—Greenhouse Gas Emissions in 1985, by Region, and the Contribution of Each Greenhouse Gas
to Global Warming in the 1980s

a. Other developing b.
countries
27%

, China and centrally
planned Asia
%

N\

,CFCs -11 and
Eastern Europe : co* 17%
and U.S.S.R. ) 55%
22% United States
21%
CH,

15%

Rest of OECD
23%

NOTE: Figure at left shows the share of greenhouse gas emissions by region, weighted by their contribution to radiative forcing between 1980 and 1990. It
includes all greenhouse gases and CO, from deforestation and fossil fuel use. Estimates for CO, emissions from deforestation range from less than
10 to about 30 percent of total CO,. If the upper range proves to be correct, developing countries’ shares would be larger. Figure at right shows the
contribution of each of the manmade greenhouse gases to the change in radiative forcing from 1980 to 1990. The contribution from urban ozone may
also be significant, but cannot be quantified at present.

SOURCES: Figure at left: adapted from U.S. Environmental Protection Agency, 1990. Figure at right: Intergovernmental Panel on Climate Change, Scientific
Assessment of Climate Change, Summary and Report, World Meteorological Organization/U.N. Environment Program (Cambridge, MA:

Cambridge University Press, 1990).

Arctic, the severe drought of 1988, and recent
abnormal weather patterns in Europe. |nternational
concern was demonstrated by the recent rapid
renegotiation of the Montreal Protocol to completely
phase out CFCs and assist developing countries in
achieving that goal. Many industrialized countries,
principally in Europe, have further called for a
20-percent reduction in CO,emissions from the
developed world by 2000 or shortly thereafter;
several have pledged to freeze or reduce emissions
whether or not the rest of the world participates.

Meanwhile, there is debate here as to whether and
when a freeze or a 20-percent reduction in U.S.
greenhouse gas emissions could be achieved in the
near-term. A 20-percent reduction in U.S. CO,
emissions would represent a 3-percent decline in
current worldwide emissions of CO,and less than a
2-percent decline in current worldwide emissions of
all greenhouse gases. More importantly, however,
even if a 20-percent cut by all developed Nations
could be achieved, it would not be enough to
stabilize the atmosphere at today’s level, let alone to
reduce greenhouse gases to pre-industrial levels. To
stabilize the atmosphere, the Intergovernmental
Panel on Climate Change (24) and the Environ-
mental Protection Agency (EPA) (56) suggest,
would require much more—up to an 80-percent
global reduction in CO2emissions from current

levels as well as significant reductions in the other
greenhouse gases. To achieve this under the com-
bined pressures of economic and population growth,
nonfossil fuel technologies such as solar or nuclear
power would be needed to replace much of today’s
fossil fuel use.

Energy conservation is the logical first step for the
United States if it wishes to reduce its own CO,
emissions below present levels over the next 25
years. For comparison, if no actions are taken,
emissions of CO,will likely rise 50 percent during
the next quarter century. Under a set of modest
policies designed to encourage people to choose
technologies that are cost-effective, emissions of
CO,probably will rise about 15 percent over the
next 25 years. This policy package is labeled OTA’s
“Moderate’ scenario.

OTA aso identified an energy conservation,
energy-supply, and forest-management package that
can achieve a 20- to 35-percent emissions reduction.
This package is labeled OTA’s “Tough” scenario.
While difficult to achieve, major technological
breakthroughs are not needed. Existing equipment
would not have to be instantly scrapped and replaced
with untested prototypes. The requisite energy-
related technologies are either already available or
are demonstrated and close to commercialization

-12
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today. Most of the forestry-related practices also are
proven and already commercialized. OTA’s Tough
scenario thus does not represent ‘‘maximum techni-
cal potential. * Although it could be argued, for
example, that there is a ‘‘technical potential’ for a
massive return to nuclear power by 2015, we assume
that this is not feasible for the United States, given
lead times and current public concerns. Likewise, we
assume that a massive penetration of solar-based
electricity generation will not take place by then.
Nor will most people be driving 80 mile per gallon
(mpg) cars, athough prototypes are available today.
In each of these cases, though, increased research,
development, and demonstration (RD&D) could
bring substantial benefits within a half-century.

Inthe OTA analysis of’ energy-related activities,
only those technical options that would result in CO,
emissions reductions without loss of comfort or
convenience were examined. If implemented, the
energy conservation options discussed in our Mod-
erate scenario would likely save consumers money
over the lifetime of, for example, an energy-using
appliance, given today energy costs. Greater re-
ductions are quite feasible, as our Tough scenario
shows, with technologies that are either technically
challenging or more expensive. Even greater reduc-
tions are possible if consumers can be persuaded to
forego some amenity or comfort;*however, because
many such actions are reversible, they may not
continue if energy prices drop and so are not
considered here.

U.S. carbon dioxide emissions in 1987 expressed
as carbon equivalents were about 1.3 billion metric
tons per year (see figure 1-2). OTA projects that
under ‘business-as-usual’” conditions (i.e., our Base
case) emissions in 2015 will rise to 1.9 billion metric
tons per year. In order to reduce emission levels 20
percent below 1987 levels by 2015 (i.e., to about 1.0
billion metric tons), we must not only attain zero
growth over the 1987 level, but must also trim that
level by an additional 0.3 billion metric tons. As
figure 1-2 shows, a 20-percent emissions reduction
is much more than OTA’s Moderate scenario but
less than its Tough scenario.

N io» metric cns/year of carbon

Figure 1-2-Summary of OTA’s Analysis of Carbon
Emissions With and Without “Moderate” and
“Tough” Controls
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SOURCE: Office of Technology Assessment, 1991.

During the 1970s the extraordinary freeze in
energy consumption-while the Gross National
Product (GNP) grew 35 percent—was about two-
thirds due to increases in energy efficiency and
one-third due to structural change’in the economy.
Investments in more efficient technologies were
facilitated by higher energy prices and the regulatory
climate. We already have shown our ability as a
Nation to change our energy consumption patterns.

The Nation's track record gives us confidence that
such improvements could continue to be achieved,
especialy if energy prices were to significantly rise
again. To achieve lasting reductions in energy
consumption, government signals (e.g., pricing and
regulatory policies) need to be consistent and
reinforcing. Otherwise we are likely to see reversals—
as in the 1980s, when energy prices decreased and
U.S. fossil fuel consumption started climbing again.
For example, higher gasoline prices in the 1970s and
early 1980s led to increased purchases of fuel-
efficient automobiles. As gasoline prices fell and
long-term energy problems were discounted by
national leaders, car buyers shifted their attention
away from efficiency toward higher luxury and
power. Similarly, Federa R&D funding for renew-
able technology plummeted 90 percent (in constant
dollars), from $1.3 hillion in 1980 to $0.14 billion in

3The U § Department of Energy (DOE) found that of an 18-percent reduction in residential energy use between 1972 and 1984, one-third was due

to behavioral changes (53).

4U S CO, emissions Were 4.7 billion metric tons. Fo,the purposes of this report, all emissions are shown as weight of carbon. To convert to CO,

equivalent, multiply the weight of carbon by 3.67.

5] ¢ declines in e..-i.t.s.. industry and increases in the service sector. For further details see ref. 47.

0
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Figure 1-3—U.S. Energy Consumption and Associated Carbon Emissions in 1989
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NOTE: Emission estimates in the right-hand figure calculated by multiplying fuel use (from left-hand figure) by fossil-fuel carbon emission factors. Coal, 55 to
60 lbs C/mmBtu; 011,45 Ibs C/mmBtu; gas, 32 Ibs C/mm Btu. Wood emissions are similar to coal; however in the United States, wood is currently regrown,

so we show no net emissions for biomass.
SOURCES: Off Ice of Technology Assessment, 1991, using DOE, ‘1990.

1990 (see figure 1-6 below), The United States has
recently become a net importer of solar thermal and
wind systems after dominating the market in the
mid- 1980s.

A variety of policy interventions will be required
to reduce CO,emissions 20 to 35 percent below
current levels by the year 2015. These could include
regulatory * ‘push’ and market ‘‘pull’ mechanisms
to provide maximum encouragement and flexibility.
They could affect both energy supply and demand
and forestry and agricultural practices. Without an
increase in and refocusing of current Federal initia-
tives—including performance standards, incentive
programs, energy taxes, and RD&D activities—the
use of greenhouse gas reducing technologies is
unlikely to increase greatly in the next few decades.

Many of the measures discussed in this study will
have ancillary environmental benefits, including
abating acid rain, urban smog, ozone depletion in the
stratosphere, and groundwater contamination. De-
creasing oil use—primarily affecting the transpor-
tation sector—will reduce our dependence on for-
eign oil. Developing and producing renewable
energy technologies with worldwide applicability
may strengthen U.S. trade markets and our competi-

tiveness abroad. Given that about a dozen industrial-
ized countries have officially pledged to stabilize or
reduce CO,emissions by 2005, and that energy
demand in rapidly growing, developing countries
must increase, burgeoning markets for efficient and
lower CO,-emitting technologies are likely. The
United States, as the world's largest producer of
greenhouse gases, has an opportunity both to set a
good example and be in the forefront of developing
new markets for the associated technologies and
products.

U.S. SECTORAL ANALYSESAND
PROJECTIONS OF
CO,EMISSIONS

Current Emissions

Total U.S. energy use has risen since 1987, the
year OTA’s modeling effort begins. In 1989, energy
use was about 84 quads (quadrillion British thermal
units). As shown in figure 1-3a, in 1989 oail
accounted for about 40 percent, coal and gas each
provided about 23 percent, nuclear power provided
7 percent, and hydroelectric power and biomass each
contributed about 3 to 4 percent of energy use.’

6As of January 1991, Austria, Australia, Canada, Denmark, France, Germany, Italy, Japan, The Netherlands, New Zealand, Norway, Sweden,

United Kingdom, Some of these countries policies are still subject to change.

"Data for 1989 energy consumption are from ref. 54.
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Figure 1-4-1987 U.S. CO2 Emissions by Sector
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About two-thirds of the total energy was used
directly as fuel in “end uses” for example as
gasoline to run our cars and natural gas to heat our
homes. Another 35 percent was used to generate
electricity; well over half of that electricity was
generated from coal.

Carbon dioxide emissions (as carbon) from en-
ergy use in the United States in 1989 totaled about
1.4 billion metric tons (this is up from 1,3 billion
metric tons in 1987), about 20 percent of the world
total. As shown in figure 1-3b, oil accounted for
about 48 percent of carbon emissions, coal about 34
percent, and natural gas about 18 percent. One-third
of the energy was used to generate electricity. Qil
dominates direct uses; coal dominates electricity
generation. Coal and wood contain the highest
concentrations of carbon per unit energy--com-
monly about 55 to 60 pounds of carbon per million
Btu (Ibs C/mmBtu). Natural gas has the lowest
concentrations (32 Ibs C/mmBtu) and petroleum is
intermediate (45 Ibs C/mmBtu).

When the emissions from the generation of
electricity are alocated to the sector in which the
electricity is used, total emissions from energy use
are roughly equal in the buildings, transportation,
and industrial sectors. Figure 1-4 displays emissions
by sector, as well as the major components within
each sector. We have detailed estimates of how
energy was used in 1987, the reference year for our
model. For that year, 36 percent of carbon emissions
were from the buildings sector—about 20 percent
from activities within our homes and apartments and
16 percent from energy use in commercial build-
ings.” Another 32 percent of emissions are transpor-
tation related and 32 percent come from industry.

Future Emissions Scenarios

For the energy-related sectors, OTA projected
future CO,emissions under a “business as usual”
scenari 0--our baseline or ‘‘Base’ case. Two sce-
narios were then modeled, based on ‘‘Moderate
and ‘‘Tough” technical measures respectively (see

@f the 36 percent of total CO, emissions coming from the buildings sector, one-third is from fossil fuels (i.e., oil and gas) burned directly within
residential and commercia buildings; two-thirds come indirectly as a result of the generation of electricity used in buildings.
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box 1-B for a description of the model). Moderate
measures typically require some initial capital in-
vestment but later save money through future fuel
savings,; in most cases savings more than compen-
sate for initial costs. None of the measures are
difficult to achieve technically, though inducing
consumers to use them may not be easy.

The ‘““Tough’ measures would lower energy de-
mand even further, but in many cases at a higher cost
for the same level of convenience and comfort All
of the Tough measures analyzed are technically
feasible, but most are not based on the best available
prototypes or practices; OTA made judgments about
what will be feasible for widespread use. Fully
implementing the Tough measures would be chal-
lenging-politically, logistically, and perhaps eco-
nomically.

The model only included energy-related sectors.
For the forestry sector, OTA independently evalu-
ated Moderate and Tough measures; these were
chosen by the same criteria as measures in the model
(i.e., difficulty and cost) and estimates of CO,uptake
over time were calculated. Data were not sufficient
to calculate potential emissions reductions from the
food sector.

Overall Modeling Results

Based on the OTA energy modeling analysis,
under current trends and regulations carbon emis-
sions by 2015 will be close to 50 percent greater than
today’s level—almost 1.9 billion metric tons per
year (see figure 1-5). This Base case projection
assumes that some efficiency improvements will
occur even in the absence of new legislation. For
example, by then we assume new homes will require
15 percent less heating, recently adopted appliance
standards will have taken effect, and new cars will
average close to 37 mpg.

By adopting all Moderate measures that lower
energy demand, CO,emissions in 2015 could be
held to about a 22-percent increase over 1987 levels.
The emissions savings achieved by the Moderate
measures are shown for each demand sector (build-
ings, transportation, industry) as well as for electric-
ity supply in figure 1-5. Changes in the fuel mix used
to generate electricity can lower emissions an
additional 6 to 7 percent, The Moderate forestry

Billion metric tons/year of carbon
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Figure 1-5-Carbon Emissions Under the
Base Case, Moderate, and Tough Scenarios
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NOTE: The boxes outlined with dashed lines represent thereductions in
carbon emissions associated with control measures applied in each
of the three demand-side sectors (i.e., buildings, industry, and
transportation) and electricity supply (electric utilities); additional
carbon offsets afforded by forestry measures are also shown. The
boxes outlined with solid lines represent total emissions from each
demand-side sector. Emissions associated with electricity genera-
tion have been allocated to the three demand-side sectors.

SOURCE: Office of Technology Assessment, 1991.

measures provide about a 0.2-percent offset in
carbon emissions by 2015. All Moderate measures
together hold emissions to 15 percent above 1987
levels.

Finally, OTA’s Tough scenario could lower net
emissions by 2015 (excluding offsets from forestry
measures) to 29 percent below 1987 levels—i.e, to
about 0.9 billion metric tons per year. This is about
half of our Base case forecast for 2015. Tough
forestry measures could reduce emissions another 7
percent. The detailed emissions reductions esti-
mated for the Tough scenario analysis are shown in
table 1-1, by individual measures within sectors.

costs

While we think the Moderate scenario is achieva-
ble at a net savings,’nonetheless substantial shifts in
the economy would have to occur. For example,
energy expenditures would be 15 percent lower than
they would be otherwise, but the cost of appliances,
cars, and houses would be higher.

9We believe that overall savings are possible because, on balance, fuel savings (assuming projected 2015 prices) will exceed annual capital and

operating costs.

SUOISSIWS /6L $O Juadiad

B Buildings EZ Industry [} Transport \N Electric utilities
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Box |-B—The OTA C0,Emissions Reduction Model

OTA developed a simple energy accounting model to estimate the effectiveness of various technical options
for lowering Co,emissions. The mode is based on a larger system of energy and economic models used by the
Gas Research Ingtitute (GRI) to forecast energy use through 2010 (23)". Of all the integrated energy/economic
forecasting models available, the GRI approach includes the greatest detail on the demand side for specific
technologies. (Other models may contain, for example, estimates of total residential electricity demand, but do not
include breakdowns of heating, cooling, refrigerators, freezers, clothes dryers, etc.) With such information, changes
in CO,emissions can be simulated in detail based on changes in technology.

GRI provided OTA with detailed output from its model simulations of energy use through 2010. We, in turn,
built a very much simplified set of models by “modeling” GRITS detailed output. For example, to estimate the
energy demand for heating homes, GRI's residential sector model starts with the number of existing furnaces, heat
pumps, and electric heaters. It then forecasts the number that must be replaced through time (with more efficient
technology) based on typical equipment lifetimes. The number of new homes (which, of course, must also be heated)
is forecast based on economic conditions. Whether consumers buy gas, oil, or electric heaters is forecast in part
based on economics and in part on historical buying habits,

OTA took the GRI forecasts of energy use by each technology category (e.g., gas furnaces) and built a series
of simple models that simulate the number and energy efficiency of each technology type through time, based only
on the GRI detailed output data, rather than the economic decisions that influence the forecast. Note that for two
categories-highway vehicles and electric utilities-we felt that the GRI model did not have adequate detail for our
needs. For highway vehicles, we used Oak Ridge National Laboratory’s “Alternative Motor Fuel Use Moddl” (but
used GRI's ail price assumptions for consistency). For electric utilities, we built our own model using detailed data
from the U.S. Department of Energy’s Energy Information Administration.

We total al the energy use and CO,emissions from each technology and sector. This forms the basis for our
Base case forecast that emissions will be approximately 50 percent above today’s level by 2015. In the Base case
(business as usual), OTA implicitly assumes GRI's economic forecast of GNP growth averaging 2.3 percent per
year and energy price increases averaging 1.7 percent per year for coal, 3.7 percent per year for oil, and 4.8 percent
per year for natural gas over the next two decades. This represents a reasonable future picture barring major changes
in energy supply, economic, or regulatory conditions.

Then we estimate the effect of changes in technology (e.g., more efficient gas furnaces than included in the
GRI forecast) or policy (e.g., forcing coal-fired plants to retire after 40 years of operation) in two alternative
scenarios: “Moderate” and “Tough.” Our model, for the most part, assumes the same level of “services’ as the
GRI base case. In the alternative scenarios, CO,emissions are reduced, for example, by using more efficient
furnaces, switching fuel, or insulating houses, but not by assuming people keep their homes at lower temperatures
in the winter or warmer in the summer like they currently do. In a few cases, most notably the transportation options,
all “services’ are not identical. For example, one of the measures that we include is to reinstate a 55 mph speed
limit. Under our most aggressive scenario, we assume that cars will be somewhat smaller than they are today (for
either economic or regulatory reasons). Both of these include some loss of convenience to consumers.

1The GRI modeling system has &S its corethe U.S. Energy Model, developed by Data Resources, Inc. (DRI). The model includes four
submodels: the industrial sector, residential Sector, commercial sector, and electric utilities. Economic projections, which drive the Energy
Model, COMe from the DRI Macroeconomic Model of the u.s. economy. Additional inputs are generated from the Industrial Sector Technology
Use Model, developed by Energy and Environmental Analysis, Inc.; the 6 Hydrocarbon Supply Model; and the RDI Coal Model, developed
by Resource Data International.

Many of the Tough scenario measures entail costs
in excess of projected fuel savings; others are cost
effective over their lifetime but are difficult to
implement. A rough estimate of the cost range for
the Tough scenario is a savings of $20 billion to a
cost of about $150 hillion per year (in 1987 dollars)

by 2015, after subtracting fuel savings (assuming
forecasted 2015 fuel prices).” Thisrangeis equal to
savings of afew tenths of a percent to acost upto 1.8
percent of the Gross National Product (GNP) pro-
jected for 2015. For comparison, all environmental
compliance costs today are about 1.5 percent of

19For example, W assumne that oil prices by 2015 will be about $50 per barrel.
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Table I-l—Measures To Lower U.S. Carbon Emissions
(expressed as percentage of 1987 total emissions)’

Reductions in 2015

Moderate Tough
(in percent) (in percent)

Reductions in 2015

Moderate Tough
(in percent) (in percent)

DEMAND-SIDE MEASURES

Residential buildings
New investments:

Shell efficiency . ................ 13 2.0

Heating and cooling equipment . . . 0.1 0.4t0 0.6

Water heaters and appliances . ... 1.2 15t02.3
O&M, retrofits:

Shell efficiency .. ............... 0.8 0.9

Lights .. ... .. 0.6 0.8
All residential measures together . . . . 4 5.61t06.6

Commercial buildings
New investments:

Shell efficiency .. ............... 2.3 4.0
Heating and cooling equipment . . . 1.0 12t01.9
Lights .. ... 21 3.0
Office equipment . .............. 1.6 2.1
Water heaters and appliances . ... 0.1 0.1
Cogeneration . ................. 0.2 15t 23
O&M, retrofits:
Shell efficiency . ................ 0.8 0.8
Lights............ ...t 0.5 0.5
All commercial measures together . . . 8.5 13 to15

Transportation
New investments:

New auto efficiency ............. 0.8 351 3.8
New light truck efficiency .. ....... 0.5 25t027
New heavy truck efficiency ....... 0.4 2.41t024
Non-highway efficiency .......... 0.5 1.2
O&M, retrofits:
improved public transit . ......... 0.2 3.5
Truck inspection & maintenance . . 0.3 0.4
Traffic flow improvements/
55 mph speed limit. . .......... 1.2 14
Rldesharing/parking controls . . . .. 0.4 1.0
All transportation measures
together ..................... 4 14 to 15

Industry
New investments:
Efficient motors . . . ............. 1.2 3.7t0 4.0
Lighting . ....... ... ... ...... 0.5 0.7 to 0.8
Process change, top 4
industries . . .......... ... ... 3.0 8.2
Fuel switchtogas .............. 0.0 241t0 2.7
Cogeneration . ................. 0.8 5.2t05.8
O&M, retrofits:

Housekeeping . ................ 1.9 2.0
Lighting . . .................. .. 0.1 0.2
All industrial measures together . . . .. 8 17 to 18

ELECTRIC UTILITY SUPPLY-SIDE MEASURES
Existing plant measures:
Improved nuclear utilization . . . . .. 4.1 41
Fossil efficiency improvements . ... 1.7 1.7
Upgraded hydroelectric plants . ... 0.5 0.5
Natural gas co-firing .. ........... — 3.7
New plant measures:
No new coal; higher fraction
of new nonfossil sources . ...... -— 0.0 to 4.7
CO0,emission rate standards . . . . . 0.4 0.0t00.1
All utility supply-side measures
together . ......... .. ... ... ... 6.6 9.9to 14
FORESTRY MEASURES
Afforestation:
Conservation Reserve Program . .. 0.2 0.2
Urbantrees .................... — 0.7
Additional tree planting . . ........ — 2.3
Increased timber productivity . ... ... — 3.1
increased use of biomass fuels . . . .. — 1.2
All forestry measures together , ... .. 0.2 7.5

apercent of 1987 emissions = 13 milllon metric tons C = 0,7 percent of 2015 emissions.

SOURCE Office of Technology Assessment, 1991.

GNP, direct fossil fuel and electricity consumption
purchases account for about 9 percent of GNP.

Other groups have tried to estimate the costs of
CO, reductions, but with different control scenarios,
often a carbon tax. For example, using several
short-term econometric models (i.e., analyses that
extend only to the year 2000), the Congressional
Budget Office (CBO) estimated that a $100 per ton
carbon tax phased in by the year 2000 would hold
CO,emissions at just about current levels or reduce
them to 25 percent below current levels by 2000
(45). By the end of the first decade, GNP would be
lowered by about 0.5 to 2.0 percent (about $40 to
$130 billion per year in 1987 dollars). However,

GNP effects over the first few years of a suddenly
instituted policy could be 5 percent or more.

CBO also looked at two longer term econometric
models that forecast energy use past 2000, one
constructed by the Environmental Protection Agency
(EPA) and the other by the Electric Power Research
Institute (EPRI). These models' projections for Base
case energy use in 2015 are reasonably close to each
other and to OTA’s Base case and thus offer useful
comparisons of reductions and costs. The model
used by EPA forecasts that holding emissions to 10
to 15 percent below current levels would lower GNP
by about 1 to 1.3 percent by the year 2015. The EPRI
model forecasts that holding emissions to 20 percent
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below current levels would lower GNP about 3
percent by that year.

The costs associated with any scenario depend on
many factors—including the price of fuel projected
under Base case conditions. For example, we are
assuming the price of crude oil will be $42 per barrel
(in 1987 dollars) by the year 2010(23) and about $50
per barrel by 2015."Net costs for an emissions
reduction scenario would be higher if 2015 fuel
prices are lower than projected; for example, if oil
prices are $5 per barrel lower in 2015 than we
forecast (and other energy prices remain the same as
forecast), costs will be about $15 billion higher.
Similarly, net costs would be lower if energy prices
rise more than projected. No quantitative estimates
have been made of the ancillary air, water, soil,
health, economic, and energy security benefits that
result from reducing energy use and associated
pollutants.

OPTIONS FOR REDUCING
U.S. EMISSIONS

The major options available or likely to be
available for reducing CO,emissions in the near-
term fall into three categories:

1. increasing energy conversion and efficiency in
end-use technologies,

2. changing use patterns to conserve energy, and

3. shifting energy supply away from high CO,-
emitting fuels.

Additional options to offset CO,emissions are
primarily forestry-related or agricultural. If Con-
gress chooses to pursue any of these options, it
obviously will also seek: to assure continuous
€Cconomic  progress.

When choosing policy options Congress must
consider two interdependent components: the uni-
verse of possible technical (or in some cases,
behavioral) changes and the policy instruments
(e.g., taxes, regulations, financial incentives) avail-
able to require or encourage the technical change.
One policy option, for example, would be to reduce
CO,emissions through regulations (i.e., a policy
instrument) to require more fuel-efficient autos (i.e.,
a technical option). An alternative or perhaps
complementary policy option would be to use a high

s I
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Solar panels supply all of the hot water and up to 70 percent
of the space heating needed for the 80,000-square-foot
building in which OTA is housed.

“gas guzzler’ tax (i.e., policy instrument) to stimu-
late purchase of fuel-efficient autos.

Technical Options

This report identifies a range of CO,-reducing
technical options available or likely to be available
to the Nation over the next 25 years, and what their
contribution might be. There are a large number of
technical options to pick from and many targets of
opportunity within each sector, as figure 1-4 shows.
Significant progress in reducing U.S. CO,emis-
sions will require that most of these options be
pursued simultaneously.

Presently available energy “supply” options for
achieving major CO,reductions over the 25-year
timeframe of this assessment include: replacing high
carbon-emitting fuels (e.g., coal) with lower carbon-
emitting fuels (e.g., natural gas); using high-
efficiency, electricity-generating technologies (e.g.,
high-efficiency gas turbines or cogeneration); and
using nonfossil fuels.

While nonfossil energy offers the greatest long-
term potential for achieving deep cuts in CO,
emissions, we cannot count on large-scale use of

1| gor comparison, DOE's Energy Information Administration estimated the price of oil to be $28 to $46 per barrel by 2010; the American Gas

Association projected $48 per barrel in 2015.
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nonfossil energy sources to replace fossil fuels
within 25 years. These sources do not yet offer the
performance, costs, or social acceptance needed to
fully displace fossil fuels in such arelatively short
period of time (42). Only three nonfossil sources are
presently being used on a significant scale in the
United States: hydroelectric power, biomass, and
nuclear light-water reactors (LWRS). Because of a
combination of low baseload demand growth, cost,
and environmental and social problems, no orders
for new LWRs have been initiated in over a decade
and there are no plans underway to build new
reactors in the United States. Environmental factors
set an upper limit on the number of potential new
dam sites for hydroelectric facilities and on biomass
production.

On the energy “end use” side, the technical
options available today are primarily more efficient
technologies or changes in energy use patterns. The
first requires time and investment, whether for old
equipment to be replaced or new equipment to be
purchased. Changing energy use can include imme-
diate (but reversible) changes such as fewer miles
driven, lights dimmed, etc. In addition to the
currently available technical optionsthereisalarge
menu of additional options that could be developed
over time. A diverse suite of energy R&D is
ongoing, but what it will make available in the next
guarter century depends greatly on Federal funding
for demonstration.

Several technical options are available in the
forestry sector to provide some offsets of CO,
emissions. Increasing forest productivity and plant-
ing new trees can result in increased carbon storage
that offsets fossil-fuel related emissions. Planting
short-rotation tree crops for use as biomass fuels can
partially replace the use of fossil fuels in some
situations. These and other forestry options have
attendant uncertainties and difficulties. For exam-
ple, attempts to increase productivity focus on the
timber component of forests (i.e., the commercially
valuable portion). However, it is unclear whether
increases in timber productivity actually indicate
whether or not productivity in the entire forest has
increased,

Policy Instruments

Policy instruments are the means government
uses to require or encourage a desired technical or
behavioral response. Many potential targets exist

within each sector to achieve CO,emissions reduc-
tions (see figure 1-4). Whatever the CO,reduction
goal, Congress will have to use a variety of policy
instruments to stimulate a diverse set of decision-
makers to use the appropriate fuels, technologies,
and forestry and agricultural practices and to adopt
energy use patterns that conserve energy.

Identifying the relevant decisionmakers will be
critical to selection of appropriate policy instru-
ments. Within the energy system, for example,
appliance and lighting use patterns represent the
collective decisions of nearly all Americans. In
contrast, utility fuel choices are made within a
relatively small community of decisionmakers (e.g.,
utility executives, State regulators, and segments of
the financial community).

Certain generalizations nonetheless can provide
guidance:

. Decisionmakers generally prefer lower cost
options and many individuals prefer low first-
cost options over low life-cycle cost options.

- Highly efficient “cutting edge’ technologies
often have relatively lower life-cycle costs but
higher front-end costs.

- Historically, fragmented decisionmaking rein-
forces the preference for low first costs, espe-
cially in the buildings sector-decisions rele-
vant to efficiency are made by developers and
builders, not by the occupants who will be
paying the energy bills.

A wide range of possible policy instruments could
be used to influence decisionmakers. Table 1-2
groups them into six generic categories:

1. taxes;

2. financial incentives;

3. marketable permits;

4. regulations;

5. research, development, and demonstration
(RD&D); and

6. information and public education.

Just asthereisno single technical option that isa
cure-all, many policy instruments will be needed.
The synergisms possible among taxation, regula-
tion, incentives, information, and RD&D programs
are key to significantly reducing emissions. Taxes,
if properly set, can be used to adjust prices to tilt
purchase decisions. Regulation (codes and stand-
ards) can be used to remove the least efficient
equipment, appliances, and buildings from the
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market. Incentive and information programs can be
used to clarify cost information and help create a
market for improved energy performance. Education
programs also provide consumers with the knowl-
edge and information needed to make wiser energy
choices. Government-sponsored RD&D can help
provide producers and consumers with new techni-
cal options that can be used to reach national goals,
aswell as reduce, by cost-sharing, the risk to indus-
try of developing these new options.

Taxes

Taxes offer a way to make high CO,-emitting
technical options more expensive than lower CO,-
emitting options. If Congress so desires, new tax
monies could help fund incentive programs, offset
the budget deficit, or replace other existing taxes.

Three possibilities include: 1) a general energy
tax, 2) acarbon tax, and 3) initial purchase taxes. A
general energy tax is levied on the energy (i.e., Btu)
content of fuels. A carbon tax is set to reflect the fact
that some fuels emit more carbon per unit of energy
than do others. Both of these are thus “fuel” taxes.
An initial purchase tax is levied on energy-
consuming technologies, rather than fuels; the tax
would be based on estimates of lifetime energy use
or carbon emissions.

The first-a general energy tax-would stimulate
greater energy efficiency, regardless of whether
energy is derived from fossil or nonfossil fuels. By
making all energy more expensive, it would apply
pressure to reduce total energy use. On the other
hand, a carbon tax would not only stimulate energy
efficiency, but also shift the energy system from
high carbon-emitting fossil fuels to nonfossil fuels
or lower carbon-emitting fuels (e.g., natural gas).

Initial purchase taxes could have effects broadly
similar to either an energy or carbon tax, depending
on whether they were based on lifetime energy use
or carbon emissions. Because consumers are often
more concerned with the initial cost of a technology
than with ‘‘life-cycle’ costs (i.e., including fuel
costs), purchase taxes can be more effective than
either type of fuel tax in many situations, An
example of an initial purchase tax is the current ‘‘gas
guzzler’ tax on autos, which was increased in the
1990 Omnibus Budget Reconciliation Act (Public
Law 101 -508). In a similar fashion, a tax on less
efficient appliances or houses could serve to reduce

Photo credit: Chevron

The Trans-Alaska pipeline has been in operation since
1977. North Slope oil production is currently declining,
and a little less than 2 million barrels of crude oil
per day now flow through the 800-mile pipeline.
The United States currently uses 17 million
barrels of oil each day.

consumer preferences for lower initial costs rather
than life-cycle costs.

Energy and carbon taxes have the advantage of
affecting all emitters simultaneously, rather than
focusing on a few selected technologies. A carbon
tax is a particularly effective way of targeting the
heaviest economic sanctions against the worst emit-
ters of CO,. A carbon tax would stimulate greater
demand for natural gas relative to other fossil fuels.
This, in turn, could drive natural gas prospecting and
resource recovery technology development. Over
the longer term, it could also motivate development
of noncarbon energy sources whereas a straight
energy tax would probably not.

Financial Incentives

Through financial incentives (e.g., tax incentives,
low cost loans, and direct payment subsidies), the
government pays part of the costs of utilizing
desirable fuels, technologies, or practices. Tax
incentives can be powerful instruments for stimulat-
ing desired actions by corporations and individual
taxpayers looking for ways to reduce tax liabilities;
however, tax incentives have little effect on those
who pay low or no taxes.
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Low-cost loans either defray some portion of loan
interest or eliminate lender risk by insuring against
loss. Low-cost loans can be effective policy instru-
ments to stimulate utilization of CO,-reducing
technical options by both individuals and corpora-
tions. Direct payments for utilization of CO,-
reducing options (e.g., cash bonus for scrapping an
old, fuel-inefficient car) are especialy effective in
stimulating the use of desired options by low-
income or financially strapped decisionmakers.

Marketable Permits

Marketable permits and carbon taxes are closely
related. Under a marketable permit system, poli-
cymakers fix the amount of carbon that can be
emitted. The government then issues the allowed
number of permits to emit a given amount of carbon.
Permits can be bought and sold by energy users just
like fuels. For example, for every 1 million Btu’'s of
coal purchased, the user must also own (or purchase)
permits to emit 57 pounds of carbon. To burn 1 mil-
lion Btu's of natural gas, the user must own or
purchase permits to emit 32 pounds of carbon. If
demand for energy rises, the price of a carbon permit
will rise to reflect the cost of lowering emissions.
Some holders of permits will find ways to lower
emissions (e.g., purchase more efficient equipment,
switch from coa to natural gas) so that they can sell
their permits (at a profit) to others. Theoretically, the
effective price of fossil fuels will rise just high
enough to meet the allowed carbon emission target.
Just how high prices will rise, however, is difficult
to forecast.

Marketable emission permits is the current U.S.
method for enforcing the Montreal Protocol and
controlling CFC emissions. A marketable permit
system also is the regulatory mechanism for limiting
emissions of sulfur dioxide to control acid rain under
the new Clean Air Act Amendments (Public Law
101-549).

Marketable permits could be required for all fossil
fuel users or only for large users such as electric
utilities, factories, and even large commercia instal-
lations. Permits could be required for wholesalers
who sell gasoline, rather than for individual drivers.

Regulations

Regulations are policy instruments that can €limi-
nate inefficient and/or high CO,-emitting activities
from the market. They can take the form, for
example, of performance standards and building

Figure 1-6-Federal Government Funding for Energy
supply R&D, 1980 to 1990

6 1990 dollars (billions)

Supportin
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(T3 Environment
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Year

NOTE: The bars represent Federal budget authority for research, develop-
ment, and technology demonstrations, in 1990 dollars. “Support-
ing” refers to research in basic energy sciences.

SOURCES: J.P.Hoidren, “Energy in Transition,” Scientific American
263(3):156-163, September 1990, original data compiled from
the Office of Management and Budget, Budget of the United
States Government, Fiscal Years 1990 Through 1991 (Wash-
ington, DC: U.S. Government Printing Office, 1980 through
1990); Inter-society Working Group/American Association for
the Advancement of Science, Research and Development FY
1980-1997 (Washington, DC: 1980 through 1990); and Envi-
ronmental and Energy Study Conference, Weekly Bulletin(s)
and Special Report(s) (Washington, DC: several years).

codes. Performance standards can be established for
many diverse types of technologies (e.g., lighting
standards) and applied nationwide; they are cur-
rently used for automobile efficiency and appliance
efficiency. Building codes traditionally have been
the province of local governments and their effective
use depends on enforcement at that level.

Research, Development, and Demonstration
(RD&D)

Through RD& D, government can search for and
free-tune technological frees to the greenhouse gas
emissions problem. In fact, climate change can
only be effectively addressed over the long-term
with the development and worldwide use of
better nonfossil energy sources. Government can
speed the process of testing and commercializing
many energy-supply and end-use technologies. How-
ever, only about 5 percent of the $2.7 billion national
budget for energy technology R&D in 1990 was
devoted to renewable (including biomass energy)
and only 7 percent to energy conservation. Fossil
fuels had 25 percent of the research budget, nuclear
fusion 12 percent, and nuclear fission 9 percent (see
figure 1-6).
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Information

Information as a policy instrument has the poten-
tial to change the awareness level and perceptions of
decisionmakers. Information programs rest on the
assumption that if decisionmakers are better in-
formed they will make better decisions. The most
common goal of information programsis to stimu-
|ate decisionmakers to opt for least cost (life-cycle)
savings, as opposed to initial-purchase savings, in
their energy decisions. For example, although the
most efficient model of an appliance usually costs
more initially, energy savings accrue over its useful
life. Information can be supplied by Federal, State,
or local governments, utility programs (see ‘ Demand-
Side Management’ below), manufacturers, or non-
governmental organizations (NGOs).

Information can be delivered to all decision-
makers in many ways, for example via label and
rating systems and audits. Label and rating systems
serve to provide purchasers with a basis for compar-
ing front-end versus life-cycle costs at the time of
purchase. Energy audits provide building owners
and occupants with information they need when
considering whether to purchase, rent, or retrofit
alternatives. Energy audits can be effectively cou-
pled with financial incentives to carry out retrofits
that provide greater efficiency, and thus reduced
CO,emissions.

Sectoral Policy Options

Buildings Sector

Figure 1-7 summarizes the emissions reductions
possible for each * ‘demand-side” option modeled
by OTA under both the Moderate and Tough
scenarios. For buildings, improving shell efficiency
and lighting are the two technical options with the
greatest potential for lowering CO,emissions.
Under the Base case, OTA assumes that by 2015
new homes and apartments will be designed such
that they need about 15 percent less heating and 8
percent less cooling than current new homes. By
adopting Moderate shell efficiency measures, such
as thicker insulation and better windows, new homes
will require an estimated 50 percent less heat and 25
percent less air-conditioning than today’s average
new home (27). With Tough measures, homes can be
built to require an estimated 85 percent less heat and
45 percent |less air-conditioning (20).

Figure 1 -7—Demand-Side Measures

-Moderate controls --Incremental reductions
with Tough controls

Shell efficiency

New lighting

HVAC equipment
Water heat and appl.
Cogeneration

Office equipment
Building retrofits
Retrofit lighting
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Fuel switching AR
Housekeeping |
Industrial lighting
Retrofit lighting
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Non-highway efficiency
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Operation and maint. _— S

Transport
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Reductions in 2015 as a
percent of 1987 emission

NOTE: Reductions presented as a percentage of total U.S. carbon
emissions in 1987.

SOURCE: Office of Technology Assessment, 1991.

As shown in table 1-1, Moderate shell improve-
ments in new residential buildings can reduce U.S.
carbon emissions by 1.3 percent of current levels by
2015. By implementing Tough improvements in the
North and Moderate ones in the South, reductions
of 2 percent in new residential buildings might be
achieved. Tough measures for new commercial
building shells can achieve reductions equal to 4
percent of 1987 levels by 2015.

Existing homes can also be made more efficient
by installing more efficient heating and cooling
equipment, insulation, windows, etc. The Base case
assumes that existing homes will require 6 percent
less heating by 2015 because of replacements and
improvements that will happen anyway. Moderate
measures boost this to 25 percent by 2015 and Tough
measures boost it to 40 percent by 2015 (20). Tough
measures in the North and Moderate ones in the
South would reduce carbon emissions from existing
buildings by 4 percent by 2000, but would have a
declining effect thereafter as many of the older
homes are replaced by new ones.

Improving the efficiency of lighting in new

commercial buildings is another technical option
that can yield substantial reductions. The Tough
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scenario measures together—a combination of high-
efficiency fluorescent bulbs and ballasts, improved
reflectors, and better use of daylight—would lower
lighting energy needs by 60 percent in these
buildings (18). This achieves reductions equal to 3
percent of 1987 emissions by 2015.

Gains in commercial buildings can also be made
by simply replacing existing bulbs with high-
efficiency ones—without replacing fixtures—
as shown under the ‘* Operation and Maintenance’
heading of table 1-1. Replacing the most heavily
used incandescent bulbs in homes with compact
fluorescent and using high-efficiency fluorescent
in commercia buildings can lower emissions by 1.3
percent under our Tough scenario.

The instruments listed in table 1-2 and the policies
described below appear to offer the most promise to
achieve these reductions. While a carbon tax will
certainly help, because there are so many different
decisionmakers-some of whom may not be that
responsive to price changes-a larger arsenal of
policy instruments is needed. These include demand-
side management (with the utilities as partners) as
well as a series of targeted financial sanctions,
incentives, and regulations.

Demand-Side Management (DSM)-DSM re-
fersto electric utility programs designed to encour-
age customers to modify their patterns of energy use.
Particularly promising-from a global warming
perspective—are those situations where utilities
allow energy conservation to compete with tradi-
tional supply technologies (e.g., powerplants) to
balance energy supply and demand. DSM can be an
effective approach to reduce energy consumption by
improving building shells as well as the equipment
inside buildings. In some cases, utilities pay for
rebate programs, give out high-efficiency light
bulbs, or otherwise stimulate end-use efficiency
improvements, and save energy at a fraction of the
cost of new power supplies.

Demand-side management can result in greater
investments in energy efficiency than customers
would otherwise make. Utility programs have long
time horizons and can capture the potential in both
the new and retrofit markets, for both equipment
efficiency and building shell improvements. There is
already considerable support for DSM by many

State energy offices, State legislatures, and public
utility commissions.”

However, in order for DSM to stimulate signifi-
cant investment in conservation, incentive structures
must be changed so that utilities can profit from
demand-side investments. Any Federal legislation
concerning DSM would need to be general enough
to allow States flexibility in implementation and
specific enough to have a genuine impact on
conservation. Congress could provide funding to
evaluate various incentive structures currently being
examined by States and utilities. Should Congress
wish to pursue more direct action, it could require
States to formally consider demand-side resources in
their planning, with oversight by the Federal Energy
Regulatory Commission (FERC).

The Federa and State Governments share the
regulation of electric utilities, and there is a history
of tension over this sharing of jurisdiction (48).
Congress can play a powerful leadership role in the
direction of utility planning through legidlation that
guides FERC (which has jurisdiction over wholesale
electricity transactions). An example of such legida
tion is the Public Utility Regulatory Policies Act of
1978 (PURPA), which required utilities to purchase
electricity from qualifying facilities at avoided cost.
Recently Congress addressed some aspects of this;
for example, the Omnibus Budget Reconciliation
Act amended PURPA to eliminate the 80-megawatt
capacity limitation for qualifying facilities fueled by
wind, geothermal, solar, or waste energy.

Further, the Federal Government could mandate
that environmental externalities be considered in
evaluating supply-side options (as New York State
has done-i. e., penalizing polluting options based
on estimates of the costs of environmental damage
that would accrue; ref. 33). Congress has already
mandated, in the 1980 Pacific Northwest Electric
Power Planning and Conservation Act (Public Law
96-501 ), that the Northwest Power Planning Council
adopt rate structures that give conservation meas-
ures a cost break over other, more traditional
supply-side measures.

Technology-Specific ReguZations--Congress can
directly mandate efficiency improvements through
appliance standards and building energy codes.

12For a discussion of State initiatives in least-cost planning, see ref. 40.
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Appliance Standards-Appliance standards, by
fiat, remove inefficient appliances from the mar-
ket. The National Appliance Energy Conservation
Act (Public Law 100-12), passed in 1987, are
expected to lower residential energy use by up to 10
percent by the year 2000 (17), However, even
stricter standards are possible.*The law requires
review of appliance standards twice during the
1990s, which provides an opportunity to obtain
additional energy reductions through more stringent
standards. Congress could also consider extending
standards to other equipment such as commercial
heating, ventilation, and air-conditioning equip-
ment; lightbulbs; and building components such as
windows.

Standards could be even more effective if used in
conjunction with other incentives. Policies such as
utility programs, appliance labeling, and tax
schemes provide incentives to do more than stand-
ards require.

Building Energy Codes—Building energy codes
serve a function analogous to that of appliance
standards by preventing the least efficient buildings
from being constructed. Building codes have tradi-
tionally been under the jurisdiction of States and
localities. Currently, there is little support from the
States or the construction industry for a mandatory
national building code. In 1976, Congress enacted
legislation that required the development of the
Building Energy Performance Standards (BEPS), a
mandatory national code based on performance
standards. In 1983, the law was modified to be a
mandator-y code only for Federal buildings.

Greater energy savings could be achieved by:

1. mandating compliance with a uniform code or
creating incentives for States to adopt the
nationa code;

2. developing a more stringent national code; and

3. increasing funding for implementation and
enforcement.

The National Affordable Housing Act of 1990
(Public Law 101-922) requires the Department of
Housing and Urban Development (HUD) to develop
energy efficiency standards for new public housing

and for housing subject to mortgages under the
National Housing Act.”

Financial Measures-congress can choose from
among several sector-specific financial mechanisms,
including building tax credits and subsidies and
initial purchasetaxes for appliances and other equip-
ment.

Building Tax Credits and Subsidies-Tax credits
and subsidies for using more efficient technologies
can promote retrofitting of existing residential and
commercia buildings. The Federal Government, for
example, passed legislation that provided solar and
conservation tax credits for the years 1978 through
1984. By 1983, 24 million households claimed a
residential tax credit of up to $700 each for
investments in energy conservation; however, no
evaluation or monitoring of energy saved by this
program was ever conducted. The 1986 Tax Reform
Act allowed the energy conservation tax credits for
residential use to expire but extended residential
solar tax credits and some commercial energy
conservation Credits.”

The Federal Government currently funds several
subsidy programs. The Institutional Conservation
Program, the Weatherization Assistance Program,
and the Low Income Home Energy Assistance
Program all pay for some energy conservation
measures in low-income housing. The recently
expired Solar Energy and Energy Conservation
Bank helped finance energy conservation and cost-
effective solar energy in low- and moderate-income
housing and in commercial buildings owned by
nonprofit organizations. Under these programs, the
Federa Government provides funding to States,
who in turn provide matching grants and loan
subsidies. Such programs could be reinstated or
expanded.

Initial Purchase Taxes and Rebates for Appli-
ances and Other Equipment—An initial purchase
tax scaled to penalize inefficient equipment could
accelerate the market penetration of efficient equip-
ment, Examples include a lump-sum tax on appli-
ances and equipment at the time of purchase. Taxes
collected on the most polluting items could be used

I3The amendments define all encrgy-efficiency improvements witha payback of 3 years or less as economically justified. Any paybacks longer than

3 years must be shown to be economically justified.

e mortgages thatinclude ; loan, under the National Housing Act, for financing energy.conse~| NQg improvements or adding solar energy systems.
15The omnibus Bydget Reconciliation Act of 1990 extended the 1 ()-percent business energy rax credit for solar and geothermal property through Dec.

31, 1991
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to provide a rebate on the least polluting items.
However, although an initial purchase tax sends
appropriate signals regarding consumer purchasing
decisions, it would not—unlike an energy or carbon
tax--change use of an appliance once it is pur-
chased.

Consumer Information and Marketing Pro-
grams-Lack of information and uncertainty have
been identified as key barriers to greater investment
in energy conservation in the buildings sector. The
large number of highly cost-effective investments in
energy efficiency that are not chosen by consumers
indicates that price alone does not stimulate optimal
investment decisions. Therefore, information dis-
semination is akey element of several of the policy
options discussed above, including the sector-
specific financial measures and general energy and
carbon taxes.

Home Energy Rating Systems-The Federal Gov-
ernment has been involved in home energy rating
systems—which tell buyers how efficient their
prospective homes or offices are-through itsrole in
the mortgage market. In addition, the National
Affordable Housing Act of 1990 requires HUD to
develop a plan to make housing more affordable
through mortgage financing incentives for energy
efficiency. The Federal Government could play a
further role by developing a uniform energy rating
system for al residential and commercia buildings,
making it easier and less expensive for lenders to
include energy costs in their mortgage evaluations.

Sate Information Programs-The State Energy
Conservation Program (SECP) provides financial
assistance to the State energy offices to promote
energy efficiency and conservation in commercial
and residential buildings. The Energy Extension
Service (EES) is a Federal/State effort to provide
small-scale energy users with individually tailored
technical assistance for energy conservation and
increased use of renewable. The SECP and the EES
were consolidated under the 1990 State Energy
Conservation Programs Improvement Act (Public
Law 101-440).

Energy Audits—The Federal Residential Conser-
vation Service, created in 1978, mandated that gas
and electric utilities provide their customers with
onsite energy audits. The program was implemented
in 1981 and recently expired. There has been little
evaluation of the program, and little reliable infor-
mation has been kept on its success in reducing

energy consumption. However, while it is unclear
whether information from audits alone is enough to
encourage conservation, it would certainly seem to
be useful when combined with other measures.

Building Research, Development, and Demon-
stration--Major barriers to private investment in
RD&D in the buildings sector include the frag-
mented structure of this sector and the short-term
perspective of many of the decisionmakers (e.g.,
builders, renters). In addition, the U.S. Government
currently spends a negligible amount on housing
research. In contrast, in countries such as Sweden
and Japan, RD& D spending has been part of atrend
toward energy-efficient prefabricated housing. This
spending has contributed to the energy efficiency of
homes through standardization of energy-saving
features and quality control in the design and
manufacture of building components.

As a step, Congress has required HUD, in the
National Affordable Housing Act of 1990, to de-
velop a plan to encourage and improve energy
efficiency in newly constructed, rehabilitated, and
existing housing; and demonstrate various methods
of improving the energy efficiency of existing
housing. Such projects should encourage the devel-
opment of “energy efficiency businesses' that can
bridge the gap between owners, builders and occu-
pants of buildings. Congress also required HUD to
encourage the use of private energy service compa-
niesin public housing projects.

The Federal Energy Management Program
(FEMP), administered by the Department of Energy,
works with government agencies to implement
cost-effective, energy-efficiency improvements. Con-
gress could authorize FEMP to test and demonstrate
performance, acceptance, and cost-effectiveness of
new technologiesin Federal buildings.

Transportation Sector

Urban passenger travel in cars and light trucks
(i.e., light vehicles) in the United States requires the
largest share of transport energy, consuming 15
percent of the world's il production. The two main
opportunities for reducing transportation’s contribu-
tion to global warming are measures to increase the
energy efficiency of light vehicles and measures to
encourage urban passengers to drive less. Thus,
under OTA’s modeling exercise, the major reduc-
tions come from higher auto and truck efficiency,
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better control of traffic, and, under the Tough
scenario, more use of public transit (see figure 1-7).

With respect to auto efficiency, our Base case
assumes that new cars will average about 32 mpg by
2000 and about 37 mpg by 2010. Under the
Moderate scenario, new car efficiency averages 35
mpg by 2000 (9) and 39 mpg by 2010 (1 O). Under the
Tough scenario, we assume a range of new car
efficiencies. For example, efficiencies of 39 mpg by
2000 and 55 mpg by 2010 might be possible even if
consumers maintain their current preferences for car
size and performance (10). If consumers are willing
to buy smaller cars, new car fleet average efficien-
cies of 42 mpg by 2000 and 58 mpg by 2010 might
be achievable, Given this range of assumptions,
reductions amount to about 3.5 to 3.8 percent of
current emissions by 2015 (see table I-I).

Reductions of about 2.5 to 2.7 percent from light
trucks and another 2.4 percent from medium- and
heavy-duty trucks are achievable under our Tough
scenario, aswell.

Traffic speed affects fuel consumption, too. By
reinstating the 55 mile-per-hour speed limit and by
reducing traffic congestion in urban areas in order to
speed up travel, reductions of 1.4 percent by 2015
are possible under our Tough scenario. *G

Measures to move people out of their cars and into
mass transit under the Tough scenario would yield
reductions of about 3.5 percent by 2015. To achieve
this, however, urban auto traffic would have to be
reduced by 10 percent through urban light rail,
busways, and improved urban design. Additionally,
5 percent of car travel between cities would have to
shift to high-speed intercity rail.

The following four policy instruments will pro-
mote new car efficiency: gasoline taxes, vehicle
taxes and rebates, fuel economy standards, and
incentives for vehicle manufacturers. In addition,
improved operation and maintenance practices will
reduce energy use in existing cars. Two other
measures, transportation control measures (TCMs)
and controlling settlement patterns, can help reduce
CO, by reducing vehicle miles traveled.

Gasoline Taxes—A gasoline tax would create
incentives for both increased efficiency and reduced
travel. Taxes would induce consumers to use less
fuel while leaving them free to choose how they
adjust their behavior. In concert with increasing fuel
economy standards (see below), along-term impact
on the efficiency of the vehicle fleet could be
achieved.

Although the effectiveness of taxes is hard to
predict from studies of past responses to price
changes, one might expect a 10-percent hike in
gasoline prices to yield a 1- to 6-percent drop in gas
consumption. A 50-percent increase in price might
reduce consumption 5 to 20 percent over the near
term, even more over the longer term. A doubling or
tripling in price (approaching the costs in Europe
and Japan) might yield an immediate decrease of 13
to 20 percent and alonger term response of a 35- to
40-percent reduction in gasoline consumption. About
half of this longer term adjustment to high price is
expected from driving less, and the other half from
more efficient vehicles. For example, consumers
might choose to spend money on fuel-efficient
technologies or to use mass transit, carpool, or
simply travel less.

A gasoline tax, however, is regressive and thus
affects the poor proportionately more than the rich.”
To ameliorate this, Congress could provide rebates
to low-income households. It could also phase in the
tax to give consumers time to adjust their purchasing
decisions and operation and management practices.

Vehicle Taxes and Rebates—Taxes on ineffi-
cient vehicles can create incentives to choose better
fuel economy and forego large size and extra power.
Such a program would be most effective if accompa-
nied by rebates for highly efficient cars. In a
““revenue neutral” program, the money taken in
from the taxes would be redistributed through the
rebates. The Federal Gas Guzzler Tax”already
applies to cars with fuel economies below certain
thresholds; the Omnibus Budget Reconciliation Act
of 1990 recently doubled the tax for cars getting less
than 22.5 mpg.

16Cars use gasoline most cfficiently in the range of 35 to 45 mph; slower travel (due to congestion) and faster travel lead to losses in efficiency.

17Two recent Studies (4, 8) review the «g|asticity’ of gasoline use relative to price (i.e., the ratio of the percentage change in use to the percentage

change in price).

[8 F,example, in 1985, households with earnings exceeding $'35,)()() spent 4 percent of income on gasoline whereas households earning $5,()()0 to

$10,000 spent 11 percent.
19The Energy Tax Act of 1978 (Public Law 95-618).
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Photo credit: Bressler Editorial Cartoons, New York, Artist: Packer

A World War Il poster encouraging car pooling. Urban
commuters average 1.2 passengers per vehicle to and
from work.

An expanded program of auto purchase taxes
and rebates could complement fuel economy
standards and taxes, but it could also pose serious
trade difficulties as long as the high-efficiency end
of the auto market is dominated by imports. If
implemented suddenly, such measures would put
domestic manufacturers at a disadvantage; on the
other hand, measures designed to protect domestic
manufacturers might conflict with General Agree-
ment on Tariffs and Trade (GATT) rules.

Fuel Economy Standards-Standards influence
the tradeoffs among cost, performance, size, and
efficiency that underlie the development and intro-
duction of new models. The current fuel economy
standards for cars, in place since 1978, have helped
to increase auto fuel economy (21), More stringent
standards can both lower C0,emissions and reduce
our dependence on imported oil. Redesigned stand-

ards that vary with vehicle volume can help mini-
mize the burden on U.S. manufacturers that offer a
full range of car sizes (31, 49).

Incentives for Vehicle Manufacturers-One in-
centive, aimed at producers instead of consumers, is
the use of government-sponsored competitions to
induce manufacturers to develop high-efficiency or
aternate-fueled cars. A variant of the incentive
scheme injects competitive elements into a high-
efficiency rebate program. For example, the govern-
ment could identify a few classes of vehicles most in
need of fuel economy improvement and offer a
competitive reward in the form of consumer rebates
on alarge (e.g., 200,000 units) production run of a
new vehicle achieving the best fuel economy above
a specified threshold.

Efficient Vehicle Operating Practices----Changes
in vehicle operating practices offer small potential
reductions individually but often have short startup
times and do not require large, upfront capital
investment. They include reimposing (and enforc-
ing) the 55-mph speed limit; requiring efficiency
inspections for trucks, and charging efficiency-
promoting parking fees at Federal offices.

Transportation Control Measures (TCMs)—
TCMsinclude a wide variety of measures to reduce
the number of vehicle miles traveled (VMT) and
lower congestion. They are attractive because they
typically have short startup times and low capital
costs, and can reduce energy use and greenhouse
emissions even within existing settlement and em-
ployment patterns. In aggregate, TCMs appear to
hold modest promise for reducing VMT. They
include:

e ridesharing (promotion and matching services);

e employer-based transportation management
(high parking charges, transit or vanpool subsi-
dies, and expedited transactions-e. g., bus
passes, van leasing, and insurance made avail-
able at work);

e High-Occupancy Vehicle (HOV) lanes (re-
stricting lanes on freeways to cars with three or
four occupants and to buses);

e parking management (parking taxes or devel-
opment surcharges, restricting street parking,
and mandating high parking charges at work-
places);

e Park and Ride (intercept drivers near their
origins);
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+ mass transit improvements (bus service expan-
sion, operational changes, and fare changes);

. travel substitution (telecommunications, work-
at-home, 4-day work weeks);

. traffic flow improvements (sophisticated sig-
nals, ramp metering, intersection improve-
ment); and

. bicycling promotion.

Under the Energy Tax Act of 1978, employer-
provided vanpools between an employee’s residence
and place of work were excludable from the
employee’s income if the vehicle was capable of
carrying nine people. Congress could consider
reinstating this provision or a variation of it.

Under present law, employer-provided transit
passes, tokens, fare cards, and employer reimburse-
ments for travel over $15 per month are considered
taxable income. However, under current Federa tax
law the value of parking provided to an employee is
excludable from the gross income as a fringe benefit.
Congress could consider making reimbursements
for public transportation nontaxable or making
parking taxable.

Controlling Settlement Patterns—Long-term re-
ductions in emissions can be achieved by changing
patterns of settlement to reduce the need for travel.
This can be accomplished through higher densities,
or through mixing uses so that residences, jobs, and
services are roughly balanced at a local scale. When
more destinations are close to home, more trips can
be made by foot; when densities are higher, public
transit can serve more people effectively.

In the United States, except possibly for some
high-growth areas in the South and Wegt, efforts to
change the shape of settlement in major cities may
meet local resistance. Nevertheless, some changes
are feasible in suburban areas nationwide, Stringent
suburban restrictions on development—sometimes
only on commercial and industrial development,
sometimes on new residential development as well—
have been attempted in some regions of the United
States (12).

Transportation RD& D-American automakers
lag behind their Japanese, and to a lesser extent their
European, counterparts in moving research results to
the market (3). In the 1980s, a program to support
more aggressive research and development in the
American auto industry-the Cooperative Automo-
tive Research Program-was briefly attempted by

the Department of Transportation. A revived, com-
bined government/industry program could be suc-
cessful if domestic automakers, their suppliers, and
innovative research companies all are key players.
The program could target important efficiency areas
such as continuously variable transmissions, energy-
storage systems, new engine designs for heavy
trucks, improved safety for lighter vehicles, and
innovations to permit increased intermodal freight.

An area of longer term research that deserves
special attention is development of truly clean,
economically acceptable, alternative fuels and a
supporting infrastructure. Fuels with the greatest
potential-electricity or hydrogen from noncarbon
energy sources (e.g., solar and nuclear) and woody
biomass fuels grown on a sustainable basis—are the
furthest from large-scale technical viability. Re-
search in these areas could be expanded, with
paralel programs to assess and demonstrate the
actual performance of a variety of fuels.

Manufacturing Sector

For manufacturing, as shown in figure 1-7, three
types of technical improvements offer the greatest
promise. The first areais* ‘process changes. ' The
top four manufacturing energy consumers (paper,
chemicals, petroleum, and primary metals)--which
account for more than 75 percent of energy use in
this sector—improved their energy efficiency by
between 2.3 and 4.3 percent per year between 1980
and 1985 (52). If this pace can be maintained, as we
assume in our Tough scenario, reductions equal to
about 8 percent of current emissions (by 2015) will
result.

Cogenerating electricity and steam for industrial
processes is a second promising option. When
utilities generate electricity, about two-thirds of the
energy from burning the fuel is released as heat. If
electricity is generated at industrial sites where the
heat can be used, the efficiency of fossil fuel use can
be increased dramatically. Under our Tough sce-
nario, we assume that 90 percent of new and
replacement industrial steam boilers will cogenerate
electricity. Such measures can lead to reductions
equivalent to about 5.8 percent of current total U.S.
emissions.

More efficient motors are a third technical im-
provement that can lead to substantial improve-
ments. Moderate and Tough measures might im-
prove motor efficiencies by 10 percent and 30
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percent (1), respectively, yielding reductions of
about 1.2 percent by 2015 under the Moderate
scenario and 4 percent under the Tough one.

The following policy instruments could encour-
age these technical measures. carbon taxes, DSM,
efficiency standards, marketable permits, tax incen-
tives, informational policies, and RD&D.

Carbon Tax-A carbon tax would levy economic
penalties against the highest industrial emitters of
CO,. Under such an approach, the tax would be
highest on coal, low for natural gas, and zero for
noncarbon sources (e.g., wind, solar, geothermal, or
nuclear). For industries where the cost of energy is
particularly important, carbon taxes should encour-
age energy efficiency, fuel switching and cogenera-
tion.

Using several econometric models, the Congres-
sional Budget Office estimated that a carbon tax of
$100 per ton would lower CO,emissions from
industry by between 10 and 35 percent by the year
2000. The higher reduction estimate reflects a

70-percent reduction in coal use,

Demand-Side Management-DSM programs—
joint programs between electric utilities and their
customers discussed previously-can help lower
electricity use in the industrial sector. The major
programs are:

1. rebates to customers who install approved
equipment;

2. low-interest loans to customers for conserva-
tion installations; and

3. installation of conservation equipment at utility
cost (37).

Many large industrial customers of electric utili-
ties receive specia lower rates because they supply
the utility with a large, dependable portion of
electricity demand. Utility programs could facilitate
reductions in greenhouse gas emissions if these
special rates were contingent on efficient use of
electricity. This differs from demand-side manage-
ment in that the financia burden of improving
energy efficiency is placed on the manufacturer, not
the utility.

Standards—A more traditional regulatory policy
is to require efficiency standards for common
energy-using equipment, similar to those existing
for automobiles and some appliances. Motors would
be the most likely candidate for this approach.

Photo credit: American Iron and Steel Institute

About 60 percent of the fossil fuels and electricity used by
industry provides process heat, steam, and cogenerated
heat and steam. Energy in manufacturing is also used
for feedstocks, mechanical drive, electrolysis,
lighting, and space heat.

Marketable Permits--CO,emissions can be
regulated by requiring permits for emissions, manu-
facturers could be issued permits based, for example,
on some percentage of their 1990 emissions. Reduc-
tions might be accomplished by installing energy-
efficient technologies and fuel switching; offsets
could result from approved reforestation/afforesta-
tion projects. It would be up to the manufacturer to
choose the most cost-effective strategy. Marketable
permits would allow firms to trade their unused
carbon rights to afirm that is exceeding its budget.

Manufacturing Tax Incentives-Much indus-
trial equipment is old and energy-inefficient com-
pared to the best available technology. In many
cases, replacing old equipment improves energy
efficiency by 10 to 50 percent. Financial policies,
such as tax credits or accelerated tax depreciation
schedules, aimed at stimulating rapid replacement of
older equipment have the potential to stimulate
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improvements in energy use, Such policies have a
precedent: the Energy Tax Act of 1978 provided a
10-percent added ‘‘energy investment tax credit”
for certain energy-conservation investments (as well
astax credits for some energy-supply investments).
The tax credits were available until 1985 and applied
to a specific list of technologies. However, rather
than specify which technologies qualify, Congress
could foster innovation by offering similar-or
greater-tax breaks for company-chosen conser-
vation technologies.

Informational Policies-A barrier to reducing
emissions in the manufacturing sector is lack of
information about how to improve energy use-
especialy for smaller, less energy-intensive indus-
tries. Informational policies can include perform-
ance goals, the collection of performance data,
labeling of the energy performance of equipment,
training, and performance audits.

Renewed support for cooperative government/
industry information-sharing programs could help.
For example, DOE’'s Energy Analysis and Diagnos-
tic Center program funds faculty and students at
several universities to perform free energy audits for
small and medium-sized manufacturers in more than
30 States. Because costs saved by manufacturers
translate to increased taxable income, the program
can provide additional tax revenues to the Federal
Government. The biggest cost savings have come
from efficiency improvements associated with cogenera-
tion, space heating, lighting, and process equipment
maintenance and replacement (in descending order
of savings; ref. 25). This program could be expanded
or new programs could be modeled after it.

Manufacturing R& D—Research and develop-
ment sponsored by DOE's Office of Industrial
Programs in waste energy reduction and industrial
process efficiency, if funded, are projected to save
more than 3 to 4 percent of energy used by industry
per year over the next decade. Research areas
identified by Oak Ridge National Laboratory as
particularly promising are: improved use of catalysts
in chemical production; intelligent sensors and
controls; and heat recovery and cogeneration (16).
R&D in nonenergy areas, such as materials science,
also holds promise for partial replacement of energy-
intensive materials like steel and aluminum. Like-
wise, research and development to improve the
quality of products made with recycled materials
could help reduce energy use by increasing the

Figure 1-8--Electric Utility Supply-Side Measures
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demand for recycled materials such as paper, sted,
and aluminum.

Electricity Generation

About one-third of U.S. carbon emissions come
from generating electricity (see figure 1-3); by 2015
under our Base case this may be as high as 45
percent. Thus measures that lower the rate of carbon
emissions per kilowatt-hour (kWh) of electricity
generated would translate into substantial reduc-
tions.

Figure 1-8 shows OTA'’s estimate of the technical
potential for emissions reductions in the electric
utility sector depending on the demand for electric-
ity and the stringency of policies. Moderate utility
supply-side measures can lower emissions by about
6.6 percent (see table I-1). The two with the greatest
reduction potential are: 1) increasing the efficiency
of fossil fuel-fired plants (by about 5 percent)
through improved maintenance (14); and 2) operat-
ing existing nuclear powerplants 70 percent of the
time (similar to Western Europe and Japan (16) and
extending their useful life to 45 years.

Our Tough measures eliminate coal use wherever
possible. A combination of renewable energy sources,
nuclear plants with improved designs that may be
available after 2005, and high-efficiency gas tur-
bines are the only new utility plants built under the
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Tough scenario. However, if al the Tough demand-
side measures in the buildings and industrial sectors
are implemented, growth in demand for electricity is
so low that very few new plants are needed through
2015. Thus, the only way to lower emissions under
this scenario is to either cofire existing coal plants
(e.g., with 50 percent natural gas), or retire existing
coal plants after 40 years of operation (rather than
the typical 60 years) and replace them with renew-
able or nuclear fuels or natural gas. The former
measure would reduce emissions by about 3.7
percent by 2015; the latter, by about 4.7 percent of
current levels by 2015.

The following policy options could be used to
encourage these technical measures: carbon taxes,
marketable permits, subsidizing noncarbon sources,
emissions limits and standards, and RD&D.

Carbon Taxes—A carbon tax, if set high enough,
would encourage fuel switching and conservation. A
carbon tax in the range of $75 to $150 per ton would
make natural gas a more economic choice than coal
at many facilities. A carbon tax would also provide
added motivation to develop more noncarbon energy
Sources.

Marketable Permits---Utilities could be issued
marketable permits for CO,emissions allowed from
their coal-fired units, based on their generation in a
historic year (e.g., 1990) multiplied by an allowed
emission rate. Under this approach some utilities
could curtail coal use more than necessary to meet
their limits and sell permits to others exceeding their
limits.

A variant on the above approach is to simply issue
permits for alimited amount of coal use in existing
facilities. Such an approach would be simpler to
administer than emission permits, but it does not
give credit to more efficient coal plants or to those
plants that use lower CO,-emitting coals.

To hold new coal plant construction between now
and 2015 to a predetermined level, a limited number
of coal permits (or carbon permits specific to coal
plants) could be auctioned each year to the highest
bidder. If such a policy were adopted in combination
with marketable permits for existing coal plants,
utilities could be allowed to freely trade among new
and existing facilities.

Subsidize Noncarbon Sources-Any of the gen-
eral financia instruments, such as a carbon tax or
fossil fuel energy tax, will serve to encourage use of
nonfossil sources for electricity generation. Accord-
ing to one estimate (42), a 2 cent-per-kWh subsidy
or its equivalent”for only renewable sources of
electricity might double the contribution of renew-
able sources of eectricity by 2010-i. e, alow them
to supply 40 percent of new demand under a Base
case growth scenario. Under our Tough scenario, we
assume nonfossil sources can provide between 30
and 45 percent of new demand (depending on the
success of other demand-side measures).

CO,Emission Limits and Efficiency Standards—
Congress could mandate reductions by setting CO,
emission limits or efficiency standards. For exam-
ple, an emission rate limit of 0.55 pounds carbon per
kwh (Ibs C/kWh) would require atypical Midwest-
ern plant burning Illinois coal to burn between about
10 and 30 percent gas, depending on its efficiency.
At 0.55 Ibs C/kWh, the most efficient new coa
burning technologies (e.g., integrated coal gasifica-
tion combined cycle, or IGCC) would just qualify
burning coal aone.

Two somewhat different strategies could be
pursued to set CO,emission limits for new plants. If
the intent is to force development of ultra-efficient
coal technologies, then a standard in the range of
0.35 to 0.40 Ibs C/kWh would be appropriate.
Molten carbonate fuel cells, if successful, might be
able to achieve such emission rates using bituminous
coals. If the intent is to limit new fossil fuel-fired
generation to the cleanest sources only—advanced
combined cycle turbines burning gas—then a new
source performance standard of about 0.25 |bs
C/kWh would be more appropriate. To speed up
replacement of old plants with new, lower emitting
ones, Congress could mandate the retirement of
existing fossil-fuel-fired plants earlier than their
expected lifetime of 60 years.

In addition, powerplant efficiencies are not rou-
tinely monitored and industry attention to methods
for improving efficienciesis only fairly recent (15).
To demonstrate how better monitoring affects en-
ergy efficiency, Congress could require TVA and the
Federal power agencies (e.g., Bonneville Power
Authority) to undertake improvement at their own
facilities. About 4 percent of the electricity gener-

WA 2 cent-per-kWh subsidy is equivalent to a carbon tax of $75 per ton of carbon for coal and about $150 per ton of carbon fOr natural gas.
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A 500-kW wind turbine mounted on a vertical axis is
insensitive to wind direction. All renewable sources of
energy (wind, solar, geothermal, hydro, and biomass)
currently contribute 5 to 10 percent of
U.S. energy supply.

ated from fossil fuels comes from Federal power
agency facilities (13).

The Federal Government, through the Federal
Energy Regulatory Commission (FERC), also has
indirect ability to influence private utility operations
through its authority over the prices and conditions
of interstate wholesale power sales. If Congress feels
that the State Public Utility Commissions are not
identifying and enforcing efficiency improvements,
it could direct FERC to consider these issues when
regulating interstate wholesale power sales.

Energy RD&D Funding-Over the last decade,
Federal funding for renewable energy, conservation,
and nuclear (fission) R&D fell rapidly (see figure
1-6). The 1990 combined energy technology R&D

budgets (in 1990 dollars) for these three categories
were 82 percent lower than they were in 1980. To
reinstate the funding levels of 10 years ago would
require adding about $2.6 billion. By doing so, the
Federal Government could hasten the devel opment
and demonstration of supply technologies that
would reduce greenhouse gas emissions. The most
promising of these technologies include: commer-
cial fuel cells; storage technologies for solar electric-
ity; biomass-driven turbines; variable-speed wind
turbines; and better designs for nuclear powerplants.
Many experts estimate that these technologies could
be commercially available within the next few
decades.

The government could also play arole in reducing
the perceived risk of new technologies and integrat-
ing renewable energy sources in existing energy
systems by conducting demonstration projects or,
perhaps, providing government-backed loans. To
encourage new nuclear energy sources, a two-track
process appears best: the Department of Energy
could help fund full-scale demonstrations of both
new ‘‘evolutionary’ light water reactors and “revo-
lutionary’ design changes such as a modular
high-temperature gas reactor.

For existing nuclear powerplants, the goal should
be to increase the number of hours of operation,
rather than to increase efficiency of fuel use, A
Department of Energy demonstration program (co-
ordinated with the Nuclear Regulatory Commission)
might bring U.S. hours of nuclear plant operation
from well below to above the average for Western
Europe and Japan. Key elements of such a program
would include improving preventive maintenance;
installing automated controls to improve reactor
operation; and speeding up time spent refueling.

Forests

Forestry-related measures with the greatest poten-
tial to offset carbon emissions include increasing the
productivity of existing forests, planting trees in new
areas, and growing tree crops for biomass energy; we
consider these to be Tough measures, with the
exception of ongoing tree planting in the Conserva-
tion Reserve program. As shown in figure 1-9, OTA
estimates that the increased carbon uptake from
increasing productivity on about 60 million hectares
of timberland might be equivalent to annual emis-
sions reductions of about 3 percent of current levels
by 2015. Planting new trees (i.e., afforestation) on
farmland and other nonforested areas and in cities
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might result in carbon storage equivalent to emis-
sions reductions of about 12 percent of current levels
by 2015. Planting trees for biomass energy might
result in an additional reduction of about 1 percent
by 2015.

There are several caveats to this potential for
offsetting emissions. Trees planted today can con-
tinue to store carbon beyond this report’'s 25-year
timeframe. But this carbon eventually will be
released to the atmosphere, either when trees die and
decompose naturally, when they are harvested and
burned, or when products made from wood eventu-
ally decompose. Unless the wood is used to displace
fossil fuel use or is permanently stored under
conditions that do not allow decomposition, carbon
offsets in later years will dwindle, These estimates
also assume that increasing the productivity of a
forest's commercial timber component is equive
lent to increasing the productivity of the entire
forest ecosystem, but this assumption needs to be
tested. Finally, forests—and the feasibility of using
forestry practices to offset emissions-are likely to
be affected by future climate changes. Therefore,
forestry options in industrialized countries such as
the United States cannot be considered a substitute
for reducing total energy use, but rather as a way of
““buying’ time while developing alternative nonfos-
sil fuel sources and improving the efficiency of
energy usein general.

Congress could promote management practices
that increase carbon storage or offset CO,emissions
by augmenting existing forest management and tree
planting programs of the U.S. Forest Service (USFS)
and the Agricultural Stabilization and Conservation
Service, and by enhancing the biomass energy
research program of the Department of Energy. In
addition to direct support for such programs, Con-
gress also could consider using financial mecha-
nisms (e.g., changing income tax policies to encour-
age more investments in forest management; impos-
ing atax on fossil fuels to make biomass fuels more
competitive).

Incentives To Increase Carbon Storage on
Forest Lands—I ncentives to increase productivity—
i.e., net carbon storage-will differ for publicly and
privately owned forests. On public lands, which are
located mostly in the West, management objectives

Figure 1-9--Forestry Measures
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are determined by planning processes legislated by
Congress.” Government investments in these lands
are likely to focus on reforestation and timber stand
management. Congress could direct the USFS and
Bureau of Land Management to, for example,
increase reforestation activities and to conduct
research on the ability of ‘‘new forestry’ practices
that proponents contend might help to both maintain
higher levels of diversity and allow commodity
production.

Privately owned forests are most extensive in the
East and South. For nonindustry private forests,
Congress could continue to increase assistance to
States and private landowners under programs such
as the Forestry Incentives Program and the Agricul-
tural Conservation Program. These programs cur-
rently reach only about 2 percent of nonindustry
private owners (32), even though these owners
undertake over 40 percent of all reforestation. The
Interior and Related Agencies Appropriations Act
for fiscal year 1991 almost doubled funding for the
USFS's State and private forestry programs, which
include tree planting and management. The 1990
Food, Agriculture, Conservation, and Trade Act
(Public Law 101-624), known as the 1990 Farm Bill,

2Eg, for National Forests in the Renewable Resources Planning Act (Public Law 93-378) and National Forest M anagement Act (Public Law 94-585),
within the framework set forth in the Multiple-Use and Sustained-Yield Act of 1960 (Public Law 86-5 17).
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The effects of clearcutting U.S. forests can be seen on the steep slopes of the Mount Baker-Snoqualmie National Forest below the
Clearwater Wilderness.

also authorized a forestry stewardship program in Incentives for Growing New Trees on Unfor-
which the USFS would work with State and local ested and Urban_ands—Mechanisms to promote
governments, land grant universities, and the private afforestation include the Conservation Reserve Prog-
sector to improve resource management on privatelyram (CRP), the President’s proposed America the
owned forest land. Beautiful program, and financial incentives such as
. _ _ . tax credits for carbon storage. In general, any
For industry-owned timberland, investments might tree-planting program needs to consider the costs of
be stimulated through changes in capital gains maintaining trees in a healthy state once planted; this
provisions (e.g., restoring preferential tax rates or will be even more critical as climate changes occur.
providing a partial exclusion from taxable income
for timber held longer than 20 years) or allowing full Congress could expand the CRP by increasing its
annual deductions for expenses, as well as bytree-planting goals and its incentives for enrolling
increasing funding for Federal assistance programs.land for tree planting (e.g., higher rentals, greater
One possibility for increasing support of such share of reforestation costs, longer contracts) .22 The
programs is to use funds that would accrue if 1990 Farm Bill expanded CRP eligibility criteria to
below-cost timber sales in National Forests were include, for example, marginal pasture lands previ-
eliminated. ously converted to wetlands or wildlife habitat,

2YJnder the CRP, farmers who ke lands out of production for 10 years recei\annual rental payments from the Federal Government and“one-time
payment for one-half the costestablishing protective vegetation.
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marginal pasture lands to be converted to trees in or
near riparian areas, and croplands that contribute to
water quality degradation.23 Another option would
be to, encourage new shelterbelts, perhaps through
tax credits or by conservation compliance require-
ments tied to commodity support programs.

The 1990 Farm Bill authorized startup funds for
the America the Beautiful tree-planting program, as
well as funds for urban and community tree planting
and maintenance. The Interior and Related Agencies
Appropriations Act for fiscal year 1991 did not fired
the program, although, as noted above, tree planting
was included in funding for the USFS's State and
private forestry programs. Infrastructure for in-
creased planting also may need to be developed,
since current planting is near the historical peak, and
funding for long-term maintenance also will be
needed.

Congress also could consider providing tax incen-
tives (similar to those once more widely available
for energy conservation) for properly planting and
maintaining urban trees, especially near homes and
buildings to save energy used for cooling.

Incentives for Biomass Energy To Offset CO,
Emissions--Growing short-rotation woody crops
on nonforested land for use as an energy source
shows some promise. Congress could increase
funding for Department of Energy research on
uncertainties regarding long-term productivity, in-
cluding effects on nutrient availability, and costs.
Increasing fossil fuel taxes would make biomass
fuels more competitive. Even then, farmers wishing
to invest in biomass crops maybe limited by loss of
base acreage in commaodity support programs and by
lack of revenues for several years. Thus, changesin
support programs or provision of some subsidy may
be needed to stimulate investments in biomass crops
on current cropland.

Food Sector

In the other U.S. sectors, CO,isthe primary focus
of OTA'’s analysis, athough both CFCs (e.g., in
buildings and transportation) and methane (e.g.,
from natural gas production and distribution) also

are assessed. The food sector, though, differsin two
important aspects. First, the relative importance of
methane (CH,) and N,0 emissions is greater than in
other sectors. Although estimates are uncertain, the
food sector may account for one-third of global CH,
emissions and anywhere from one-tenth to one-fifth
of current global N,O emissions. Its contribution to
total U.S. CH,emissions is roughly 9 percent (its
contribution to U.S. N,0 emissions is uncertain,
though).

Second, fossil fuel-related CO,emissions (i.e.,
from farm machinery, irrigation equipment, fertil-
izer manufacturing, food transport, processing and
packaging, and cooking) and CFC emissions (pri-
marily from refrigeration) are subsumed in the
transportation, industry, and buildings analyses
summarized earlier. Further, CO,emissions from
agricultural-related deforestation in the United
States are very small (although they are very
important in developing countries). To place the
food sector in perspective, though, we estimate that
it accounts for at least 8 percent of total U.S. CO,
emissions and about 5 percent of U.S. CFC-11 and
CFC-12 emissions (worldwide, it may account for
one-fifth of global CO,emissions and up to 15
percent of globalCFC-11 and CFC-12 emissions).”

In the past, congressional concern about agricul-
ture largely has focused on farm production, promo-
tion, and income. With the passage of the 1985 Food
Security Act, Congress began dealing with some of
the environmental impacts of U.S. agriculture.
Although the 1990 Farm Bill expanded these efforts,
including extending the CRP until 1995, additional
steps can still be taken, as discussed below for
methane and nitrous oxide emissions,

Some of the opportunities discussed earlier for the
buildings, industry, and transportation sectors also
can affect food sector activities (e.g., more efficient
cooking, processing and packaging, etc.). In addi-
tion, fossil fuel-related CO,emissions from the U.S.
food system could be reduced by making fertilizer
manufacture, farm machinery, and irrigation more
energy efficient.

BThis will enhance the chances of achieving the CRP’s goal of reducing soil erosion problems; some of these lands could be devoted to tree planting.

2 About 70 percent of the U.S. food sector’s CO, emissions (i.e., about 5 percent of total U.S. CO, emissions) comes from fossil fuel combustion for
food refrigeration, residential cooking, and food processing and packaging; the remainder comes from farm machinery, fertilizer manufacturing, and
onfarm electricity use. These CO, emissions do not represent a complete accounting of emissions from the U.S. food sector; for example, CO, emissions

associated with food transport are not included.
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Reducing Methane Emissions—U.S. methane
emissions from the food sector are primarily from
ruminant anumals (e.g., cattle, sheep). Congress
could direct the U.S. Department of Agriculture
(USDA) to determine the potentia for techniques
such as improved nutrient management, feed addi-
tives, and manure management to reduce methane
emissions. To limit future growth in, or even reduce,
livestock populations in the United States, Congress
could consider reducing or removing price supports
for feed grains, which might make beef and dairy
products more expensive (although it is unclear if
the costs would rise or fall over the long term). Such
a policy could cause large near-term economic
disruptions for some farmers and portions of the
food industry, however,

Reducing N,0 Emissions—To reduce nitrous
oxide emissions, Congress could modify commodity
program policies, which now encourage monocrop-
ping and heavy fertilizer use, to give farmers more
control over the types of crops they plant without
losing program crop base acreage and. suPpor_[
payments, congress Could provide cropping flexi
bility only to those farmers who adopt environmen-
tally sound cropping patterns. Congress also could
make implementation of best management practices
(BMPs) a prerequisite for receiving Federal price
and income supports. BMPs, designed by the Soil
Conservation Service (SCS) to reduce soil degrada-
tion and water contamination from agricultural
activities, include more efficient fertilizer use, water
impoundments, permanent vegetative cover, and
manure storage. 26 At present, however, the SCS does
not have statutory authority to promulgate enforce-
able regulations. Such a cross-compliance policy
also would not apply to the one-third of U.S.
croplands that are not enrolled in Federal farm
support programs. In addition, enrolling more farm
land in the CRP would help reduce N,O emissions
from fertilizer use (as well as CO,emissions from
onfarm fossil fuel use and offsite fertilizer manufac-
turing).

Food RD&D--The development of an accurate
emissions database for the food sector is perhaps the
most critical research priority. Increased research is
needed to quantify CO,emissions from agricultural

land-clearing activities, CH,emissions from rumi-
nant animals (and from rice cultivation, particularly
in the developing world), and N,O emissions from
nitrogenous fertilizers. The emissions reduction
potential of different alternative practices must also
be investigated; for example, support is needed for
research on methane-reducing techniques, espe-
cially for livestock in confined and range-
management systems. Congress also could increase
funding for RD&D efforts to develop new alterna-
tive practices, especially those that simultaneously
increase crop yields and reduce greenhouse gas
emissions per unit of food output.

U.S. INFLUENCE ON THE
REST OF THE WORLD

There are many reasons why the U.S. Congress
should seek to promote the reduction of greenhouse
gas emissions abroad. First, climate change is a
globa problem. Solutions must come from all
emitters, as reductions made by one country will
only make a small dent in total greenhouse gas
emissions.

Second, emissions of greenhouse gases will rise
in the developing countries. Because the devel op-
ing countries have higher growth rates for energy
use, population, and Gross National Product (GNP)
than do industrialized countries, and because their
current energy use per person is so low, their
emissions of greenhouse gases will continue to rise
signnificantly, Stabilizing or even reducing green-
house gas emissions from developing countries will
be next to impossible to achieve (at least until
nonfossil energy sources are widely available),
given their need to increase energy consumption for
supplying basic services. However, the United
States could influence emissions growth rates in
developing countries and also assist these countries
to achieve economic progress by helping them to
increase energy production based on nonfossil fuels
(e.g., solar or nuclear) and to make both their energy
production and consumption more efficient.

Third, energy-related improvements may be
cheaper and relatively greater—at least in the
short term—in developing countries, Eastern

25The 1990 Farm Bill now allows farmers to plant a limited amount of selected crops on land designated for other commaodity program crops without

losing program benefits.

26This idea also could be extended to other energy-intensive inputs such as pesticides and irrigation water. For example, the SCS could establish
guidelines on how, and in what quantities, various inputs should be applied to cropsin specific regions of the country.
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Europe, and the U.S.S.R. than in the United
States. For example, because energy use in al the
sectors of the U.S.S.R. and Eastern Europe is
relatively inefficient, significant efficiency gains
may be achieved at modest expense. In developing
countries, much of the energy infrastructure is yet to
be built; these countries can take advantage, for
example, of new technologies that may be cost-
effective for new construction but expensive for
retrofits.

Fourth, tropical deforestation contributes be-
tween 7 and about 30 percent of worldwide CO,
emissions; these forests are being lost at an esti-
mated rate of over 17 million hectares per year-an
area exceeding that of Virginia and West Virginia
combined. In addition, much more than CO,emis-
sions is at stake. Tropical forests harbor at least half
of the world's species, are the source of many
products used by people living in the forests and
elsewhere in the world (e.g. , medicines, nuts, fibers,
fruits), and serve many critical functions such as
watershed protection.

Developing Countries

The OECD countries (which include the United
States), U. S. S. R., and Eastern Europe currently
contribute about one-half to two-thirds of all green-
house gas emissions, mostly from combustion of
fossil fuels to power their economies (see figure 1-1;
note the caveat on the figure regarding how the wide
range of estimates of CO,emissions from deforesta-
tion affects estimates of the relative contribution
from each region). In contrast, developing countries
contribute about one-third to one-half of emissions,
mostly from land use changes and practices (e.g.,
deforestation of tropical forests, cultivation of rice,
and raising of livestock).

Most current forest-related greenhouse emis-
sions come from tropical forests, which are located
almost exclusively in developing countries and
which are being felled, burned, and degraded on an
unprecedented scale.?’ In contrast, loss of temperate
zone forests, located mostly in developed countries,
currently contributes little to CO,emissions, al-
though many of these forests were cleared in the
past.

The major causes of tropical deforestation and
degradation are the conversion of forests to tempo-
rary agriculture (e.g., ‘‘shifting’ cultivation) and
permanent agriculture (including cattle ranching),
and poor timber harvesting practices. However,
these are driven by underlying social, economic, and
political factors—poverty and lack of land tenure for
most people, national development policies, and
foreign debts—that are exacerbated by rapid popula-
tion growth (60). These factors encourage rapid
exploitation of natural resources, for example to
expand development and obtain foreign currency for
servicing debts.

Emissions from fossil fuel use in developing
countries are relatively less important now but will
increase significantly in the future. Decisions that
these countries make within the next 5 to 10 years
about how to pursue economic growth and expand
energy services and infrastructure (e.g., industrial
bases, electric generation) will influence their share
of emissions for decades to come. The ongoing OTA
assessment, “Fueling Development: Energy and
Technology in Developing Countries, ” will con-
tinue to examine this issue. A background report
(51) discusses linkages between energy use, eco-
nomic development, and environmental quality.

Figure 1-10 shows the great disparity in per-capita
energy use in different parts of the world. Although
a person in a developing country uses about one-
fifteenth the amount of energy as does the average
U.S. citizen,”even modest gains in per-capita and
total economic growth in these countries translates
into emissions that will exceed those from the
developed world within a few decades. And such
growth is likely to be more than moderate. Develop-
ing countries have been increasing their total energy
use by approximately 6 percent per year, in contrast
to 1 percent in OECD countries, and they increased
their electrical power consumption by an average of
8 percent per year between 1971 and 1987; most of
the added electrical capacity was provided by
conventional power-plants (which are high CO2
emitters) and was used for manufacturing and in
buildings (43). Further increases will be needed
since many countries are continuing to fully electrify
cities and beginning or continuing rural electrifica-

21**Deforestation” means converting forest land to other vegetation or uses (e.g., pasture, cropland, darns). “Degradation” involves practices that
leave trees as the predominant vegetation but degrade overall forest quality (e.g., soil erosion; damages to trees and streams from selective logging).

2The average American uses about 260 million Btu’s. The average for the entire developing world (defined by the World Bank as | OWEX and middle
income’ countries) is about 20 million Btu’s. The average for the selected developing countries shown in figure 1-10 is 25 million Btu’s.
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tion programs, and since refrigeration and air-
conditioning are becoming more widely available.
Moreover, rapid population growth, in combination
with economic growth, will continue to fuel in-
creased demands for energy and land resources long
beyond the time frame of this study; the world
population now grows by over 10,000 people per
hour (figure 1-11), with virtually all of that growth
occurring in developing countries.

U.SSR. and Eastern Europe

The economies of the U.S.S.R. and of Eastern
European countries have been centrally planned for
decades but now are changing, rapidly in some
cases.” These countries account for about one-fifth
of current global greenhouse gas emissions, mostly
from the combustion of fossil fuels to provide
energy. In 1988, the U.S.SR. accounted for 18
percent of global primary energy consumption,
Eastern Europe for 6 percent. The energy infrastruc-
ture in place in these countries is generally old and
inefficient.

Efforts to promote energy conservation and effi-
ciency in Eastern Europe and the U. S. S. R., and
thereby reduce future growth in carbon emissions,
face major obstacles. First, energy is highly subsi-
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dized, so consumers (particularly industries) bear
only a small portion of its real costs.” Second, the
central economic planning systems set rigid quotas
for production (i.e., gross output) of goods and
services. Enterprises must consume virtually all of
the supplies allocated to them by central planners,
even when not all are needed, in order to receive the
same amount next year. Third, the production quotas
require investments in heavy industries (e.g., stedl,
aluminum, chemicals) at the expense of services and
consumer goods. Finally, implementation of plans
for alternative energy sources is hindered by a
fragmentation of responsibilities among multiple
government agencies.

Thus, even when opportunities exist, there are
strong disincentives to save energy and raw materi-
als or to invest in energy efficiency. These obstacles
have led to high industrial demand for energy,
energy-inefficient production of goods and services,
less availability of electricity for nonindustrial
consumers, low standards of living, and severe
environmental problems in many areas.

U.S. Policy Options To Help Limit
Greenhouse Gas Emissions Abroad

Earlier sections in this summary set forth specific
policy options that the United States could pursue to
reduce or offset its own greenhouse gas emissions.
By taking such actions to reduce its own emissions,
the United States can provide leadership through

Eastern Europe as defined here includes Bulgaria, Czechoslovakia, East Germany (prior to unification with West Germany), Hungary, Poland, and

Romania.

®In Poland, for example, subsidies accounted for 49 percent of the delivered price of coal and 83 percent of the delivered Price of natural gagin'g'7

(ref. 42).
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example. In the broader context, the United States
also can work towards the adoption of international
conventions and protocols regarding climate
change, similar to those developed for phasing out
CFCsand halons.

The United States also can attempt to help de-
veloping countries, Eastern Europe, and the U.S.S.R.
to minimize their greenhouse gas emissions, without
hindering the prospects for needed economic devel-
opment. Indeed, strategies to lower greenhouse
emissions can simultaneously help these nations
become more economically efficient. Numerous
existing programs and organizations in the United
States and on the international scene directly influ-
ence development and indirectly can affect green-
house gas emissions (see box I-C). The United
States, for example, provides direct bilateral assist-
ance through the U.S. Agency for International
Development (A. 1,D.). Numerous other U.S. agencies--
such as the State Department, the Commerce De-
partment, the U.S. Trade Representative, the Treas-
ury Department, the Agriculture Department, and
the Environmental Protection Agency—support tech-
nology transfer and development assistance in
certain areas. Through these U.S. and international
organizations, the United States currently contrib-
utes about $9 billion annually in foreign aid assist-
ance (including bilateral aid, food aid, security-
related economic support funds, and multilateral
aid) to developing countries.™

The United States can continue to work through
its own bilateral assistance programs and interna-
tional organizations, as well as through NGOs, to
increase the development and transfer of technolo-
gies and policies related to energy, family planning,
and land use and management practices that provide
sustainable alternatives to deforestation and depend-
ence on fossil fuels. Genera congressional issues
regarding developing countries, the U. S. S. R,, and
Eastern Europe fall into five categories:

. technology transfer and trade;

. building local institutional capacities;

. redirecting energy policies,

. redirecting natural resource policies; and

. redirecting family planning assistance policies.

Technology Transfer and Trade
With Other Countries

The opportunity seems ripe for U.S. businesses to
increase exports of energy-efficient and renewable
energy technologies (as well as CFC-free technolo-
gies) to developing countries, since much of the
energy infrastructure needed to fulfill development
aspirations has yet to be built. For example, a market
of $370 to $900 hillion for electric power equipment
is expected over the next 20 years (43). In addition,
the U.S.S.R. and Eastern Europe have antiquated
infrastructures in place; in these countries, the
United States could provide modern equipment, as
well as engineering and management services.

The U.S. Government promotes private sector
technology transfer to non-OECD countries through
government departmental programs (e.g., the Com-
mittee on Renewable Energy Commerce and Trade,
or CORECT, led by the Department of Energy) and
through independent government agencies and cor-
porations (e.g., Eximbank, Overseas Private Invest-
ment Corp.). Some programs focus directly on
energy technologies, while others are more general
in nature.

Options-Congress could attempt to facilitate
U.S. trade in renewable and efficient energy technol-
ogies in several ways. First, it could expand the
financial resources of agencies that fund feasibility
studies and project preparation (e.g., A. 1.D., U.S.
Trade and Development Program) or that provide
financing for exports (e.g., Eximbank, Overseas
Private Investment Corp.), as well as direct them to
focus some resources on specific technology areas.
For example, the fiscal year 1990 Foreign Opera-
tions Appropriations Act (Public Law 101-167)
directs Eximbank to set aside 5 percent of its energy
industry export funds for renewable energy projects.
The Act also directed A.l.D. to focus on energy
efficiency, renewable energy resources, and |least-
cost energy planning in the development of national
energy plans, but additional funds were not appro-
priated. The Overseas Private Investment Corp. is
planning a $100 million Environmental |nvestment
Fund.

31Compared to Other countries, U 8. foreign aid and assistance is a relatively smaller percentage of its GNP. The U.S. portion was 0.19 percent in 1987
and 0.21 percent in 1988. In 1987, the larger Western European countries provided an average of 0.42 percent and Japan provided 0.31 percent; Notway

topped the list at 1.1 percent.
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Box |-C—Agencies and Organizations That Can Influence Greenhouse Emissions Abroad

This box briefly describes major U.S. and internationa “players’ looking at climate change. While no
organization seems to place a premium on discouraging climate-modifying emissions for that reason alone, most
are exploring the ways in which their policies and programs may affect climate change. In addition to those listed
below, there are also many regional organizations, industry-sponsored consortia, non-governmental organizations,
and philanthropic foundations that influence energy and environment policy internationally.

U.S. Government Agencies

The Agency for International Development is the lead agency for administering foreign economic assistance,
through training, education and research, policy advice, technica assistance, and technology transfer. It is the
second largest bilateral aid donor in the world (following Japan), spending over $2 hillion in 1989 on nonmilitary
Overseas Development Assistance. Of that sum, about 1 percent (between $100 to $2(X) million) is spent on energy
projects. A.l.D. is presently undertaking an inventory of its activities and their related effect on climate change.

The Department of Agriculture promotes U.S. agricultural products and coordinates agricultural trade policy
with other U.S. agencies. The Forest Service administers timber sales and other activities in national forests and is
involved in international forestry issues. The Agricultural Stabilization and Conservation Service administers
programs that provide cost-sharing for tree planting and forest management.

The Department of Commerce supports U.S. manufacturers and businesses in pursuing overseas export
opportunities, collects and disseminates commercia information, and supports other U.S. overseas programs,
including the Eximbank and the Overseas Private Investment Corp.

The Department of Energy is exploring, as a part of the forthcoming National Energy Strategy, how the U.S.
energy program contributes to climate change problems and what technologies may be best suited to mitigate the
problems. Among other programs, the department leads the multi-agency Committee on Renewable Energy
Commerce and Trade, which promotes trade of U.S. renewable energy technologies.

The Department of State has responsibility for overall conduct of U.S. foreign policy. It is the lead agency in
negotiating any international agreements and heads U.S. participation in the IPCC! process.

The Department of Treasury has primary responsibility for U.S. financial policies affecting other countries and
for international financial institutions. The department’s Office of Multilateral Development Banks directs the U.S.
Executive Directors that sit on the boards of the multilateral development banks (e.g., the World Bank); through
the directors, the United States has been active in scrutinizing the banks' environmental policies. The department
examines approximately 400 bank projects per year that might have adverse environmental effects.

The Environmental Protection Agency is examining climate change issues (including energy use,
deforestation, sea-level rise, CFCs, and methane) in developed and developing counties; it provided technical
support for U.S. involvement in the IPCC.

The U.S. Trade Representative is charged with formulating overall trade policy and with bilateral and
multilateral trade negotiations.

Independent U.S. Agencies/Corporations

The Export-import Bank (Eximbank) is an independent government agency that facilitates exports of U.S.
goods and services, particularly in developing countries. Its main programs include direct loans to foreign
borrowers, export credit guarantees and insurance, and discount loans. Since it is not a development assistance
agency, it must have a reasonable assurance of repayment.

The Overseas Private Investment Corp. (OPIC) is a public/private corporation created by Congress that
directly finances projects sponsored by U.S. private investors in developing countries and provides insurance
against political risks for U.S. private investments in those countries. In 1987, OPIC accounted for over $8 hillion
in insurance and $230 million in directly financed projects.

The U.S Trade and Development Program, housed in the U.S. International Development Cooperation
Agency, funds feasibility and planning studies for projects involving export markets for U.S. goods and services,
itsfocus is primarily on large public sector projects.

Continued on next page
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Box I-C--Agencies and Organizations That Can Influence Greenhouse Emissions Abroad-
Continued

Multilateral Development Banks (M DBs)
The World Bank, the largest multilateral development bank, spent approximately$15 hillion in 1989, including

$3.3 hillion in the energy sector. Bank funding for free-standing environmental projects from 1990 through 1992
is expected to be about $1.3 hillion. The Bank recently issued an operational directive outlining procedures for
assessing the environmental consequences of proposed projects; it is too early to ascertain its effects. In 1990, the
United States logt its position as the largest international aid donor to Japan This change will reduce the U.S. voting
share in the Bank.’

The three regional MDBs--the Asian Development Bank, African Development Bank, and Inter-American
Development Bank—are also major sources of assistance and have a larger role than the World Bank in many
countries, for example in Central America. The latter two banks have provided about $1 hillion for energy sector
projects since 1988. The Inter-American Development Bank, like the World Bank, has established procedures for
evaluating environmental impacts.

United Nations Agencies

The UN Development Program (UNDP) provides funding and advisory services to developing countries
dealing with trade in development technology. It spent approximately $122 million in 1988 for natural resource,
energy, and environment projects.

The UN Food and Agriculture Organization (FAQO) is activein rural and agricultural research and
development, fuelwood and charcoal projects, and forestry issues (including coordinating the Tropical Forestry
Action Plan).

The UN Population Fund (UNFPA) provides technical and monetary assistance to developing countries on
population issues. It provided about $169 million in 1988 for programs in 141 developing countries.

The UN Environment Program (UNEP) coordinates environmental activities within the United Nations and
led the development of the Montreal Protocol to Protect the Ozone Layer. Along with the World Meteorological
Organization, UNEP coordinated the Intergovernmental Panel on Climate Change (IPCC), and is one of the
managers of the World Climate program.

The UN Industrial Development Organization (UNIDO) promotes industrialization in developing countries
and provides assistance to improve industrial use of energy.

The World Meteorological Organization (WMO) monitors climate trends, provides a framework for research
on global climate models, and facilitates the exchange of meteorological information between countries, Along with
UNEP, it plays an important role in many activities involving climate change issues (see UNEP above).
International Science and Natural Resource Organizations

The International Council of Scientific Unions coordinates scientific research projects worldwide and works
with non-governmental organizations and intergovernmental agencies. It runs the International Geosphere-
Biosphere Program and is a joint manager of the World Climate Program with UNEP and WMO.

The Intergovernmental Panel on Climate Change (WCC), setup in 1988 under the auspices of UNEP and
WMO, has been the primary international forum for addressing climate change. Its three working groups were
charged with: 1) assessing scientific evidence on climate change; 2) assessing likely impacts resulting from such
change; and 3) considering possible response strategies for limiting or adapting to climate change. The groups were
chaired by the United Kingdom, U. S. SR., and United States, respectively. The IPCC's final report was presented
to the UN General Assembly in the fall of 1990.

Other organizations focus on agriculture and forestry. The International Fund for Agricultural Development,
funded by OPEC and OECD members, makes financia resources available on confessional terms for agricultural
development in developing countries. The Consultative Group on International Agricultural Research is a network
of organizations that conducts agricultural research in developing countries. The International Tropical Timber
Organization provides a framework for coordination between tropical timber producing and consuming countries,
and the Tropical Forestry Action Plan attempts to enhance donor coopemtion and funding in sustainable forestry

management.

11111984, the United States had 19.5 percent of the voting power in the World Bank. This was larger than the combined \oting power
of the next three highest donors.
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On December 26, 1990, the United States an-
nounced that it will double the number of joint
trade-promotion programsin 1991; top priority will
be given to helping the U.S.S.R. increase its oil and
gas exploration and production capabilities—a
means of obtaining needed hard currency, In Decem-
ber 1990, the President also approved credit guaran-
tees for Soviet purchases of up to $1 billion in
American commodities, making the U.S.S.R. €ligi-
ble for some Eximbank credits and guarantees.
However, the continuing upheaval in the U.S.S.R.
suggests that the Soviets may be unable to take full
advantage of these programs for some time. In
addition, the June 1990 trade agreement signed by
President Bush will not be submitted to Congress for
approval until Soviet emigration laws are revised, so
“Most Favored Nation” status cannot yet be con-
ferred on the U.S.S.R.

Second, Congress could continue the process of
streamlining restrictions on technology exports to
Eastern Europe and the U.S.S.R. This could be done
as part of the reauthorization of the Export Adminis-
tration Act and/or by providing new directions on
U.S. participation in the Coordinating Committee on
Multilateral Export Controls (COCOM), a nontreaty
agreement among 17 Western countries established
to harmoni ze export control policies.

Third, Congress could provide further direction
regarding ‘‘tied-aid’ financing (i.e., linking foreign
aid to financing of foreign purchases of U.S prod-
ucts); such financing runs counter to free market
policies but is used by other OECD countries.
Congress already appropriated some resources for
tied-aid financing to Eximbank, which decided to
join with A.I.D. in creating a $500 million tied-aid
pool to leverage financing for exports of U.S.
products.

Congress also could consider supporting-with
the cooperation of the host countries and perhapsin
conjunction with other donor countries-tech-
nology research and/or assistance centers in Eastern
Europe and developing countries. EPA already is
coordinating the establishment of the Budapest
Center in Hungary, and A.l.D. has proposed that a
Global Energy Efficiency Initiative be developed to
promote pricing reform, end-use energy efficiency,
cogeneration, and private-sector activities.

Photo credit: W Westermeyer

St. Basil’s Cathedral, located on the edge of Red Square in
Moscow, U.S.S.R. The Soviet infrastructure is both
massive and inefficient; investments are needed both
in new, more efficient facilities and in retrofitting
existing facilities for better energy use.

Building Local Institutional Capacities

Many developing country and Eastern European
governmental agencies and NGOS lack the resources
and experience needed to plan and implement
projects, meet requirements of international donors,
and assess the impact of policies and budgets on
resources (29, 61). Building the institutional capaci-
ties of these governmental agencies and NGOs is
critical to the success of energy and natural resource
policies and programs. Bilateral agencies such as
A.l1.D. and multilateral assistance agencies such as
the World Bank, United Nations Development
Program (UNDP), and United Nations Environment
Program (UNEP) already provide some assistance to
help build these institutional capabilities.”

12The 1989 International Development and Finance Act (Public Law 101-24.0) requires the U.S. Executive Directors to the multilateral development

banks to promote increased assistance and support for non-U.S.NGOs.
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Options--Congress could direct A.l.D. to evalu-
ate the effectiveness of its activities in this area. If
found lacking, Congress could direct A.l.D. to
increase its emphasis on this component, This would
likely require increased funding for education and
training; environmental information gathering and
analysis, conservation planning and policy analysis;
and coordination of regional authorities and community-
based organizations.

Redirecting Natural Resources Policy

Most developing country economies are based on
natural resources (29, 61), many of which have been
exploited rapidly during the past few decades. How-
ever, short-term revenue gains have come at the ex-
pense of the underlying resource base and the
long-term economic outlook for some countries.
During the 1980s, for example, some countries that
once were net exporters of tropical hardwood
products found that their forests could no longer
maintain a positive export flow. Resource depletion
in one area also can have unintended consequences
€lsewhere----e. g., upland deforestation has increased
silting of reservoirs and flooding in many down-
Stream aress.

Many national and multilateral development poli-
cies foster resource exploitation, including subsidies
for cattle ranching and short-term, low-rent licenses
for timber harvesting. Fortunately, direct bilateral
and multilateral assistance is beginning to be re-
structured to promote more environmentally sensi-
tive economic development, although much more
needs to be done. A. I.D., the World Bank, the
Inter-American Development Bank, and UNDP,
among others, are all developing or have recently
adopted environmental assessment guidelines.

In addition, the food sector in developing coun-
tries is a major direct source of greenhouse gas
emissions, particularly methane from cultivating
rice and raising livestock. Most people in develop-
ing countries also rely on biomass fuels to meet their
cooking and heating needs,, in some cases, this has
led to localized deforestation (from cutting fuel-
wood) or loss of soil nutrients (when dung and
agricultural residues are used as fuels).

Options--Congress could influence what hap-
pensin tropical forests through several means:

1. encourage continued change in multilateral
development bank (MDB) policies. For exam-
ple, Congress should continue to review MDB

progress in implementing environmental im-
pact assessment procedures, and in making
loans contingent on host country development
policies (e.g., €liminating subsidies that encour-
age inappropriate cattle ranching and poor
logging);

2 increase funding for A.l.D. projects on agro-
forestry, sustainable agriculture, natural forest
management, and nontimber forest products;

3. direct A.I.D. and the State Department to help
make the Tropical Forestry Action Plan and the
International Tropical Timber Organization,
both of which have been severely criticized
lately, more effective vehicles for promoting
forest conservation and improved commercial
forest management;

4. support development of a global forestry con-
servation protocol;

5. address family planning, land reform, and debt
reduction issues; and

6. provide directions for U.S. participation as a
donor in the new Globa Environmental Facil-
ity, established in November 1990 (and coordi-
nated by UNEP, UNDP, and the World Bank)
to provide funding for projects on greenhouse
gases (eg., Non-CO,-emitting energy sources,
energy efficiency, reforestation, CFC substi-
tutes), biological diversity, and marine pollu-
tion.

The United States also can have some influence
on emissions directly emanating from the food
sectors of developing countries. Some of the policies
described above for tropical forests, for example,
would specifically involve agricultural projects.
U.S. bilateral aid programs could attempt to intro-
duce more efficient (in terms of greenhouse gas
emissions) agricultural practices; this must, how-
ever, be carefully tailored to fit existing social
traditions and economic conditions. At the same
time, Congress could help fund, through U.S.
bilateral aid programs and through multilateral
lending organizations, various research organiza-
tions (e.g., the Consultative Group on International
Agricultural Research centers) so that they could
expand existing programs in developing countries to
include methane reductions from livestock.

Redirecting Energy Policies

A. I.D., United Nations agencies, and the World
Bank’s Energy Sector Management Assistance Pro-
gram provided over $200 million in fiscal year 1988
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for energy-related grants and assistance; in addition,
over $6 bhillion was provided for energy-related
loans. Including technical assistance from other
countries and technical support derived from por-
tions of the loans, total technical assistance for
energy may be on the order of $500 million per
year-less than 1 percent of total annual energy
expenditures by developing countries (28).

Until recently, much of this assistance, particu-
larly that from bank loans, focused on conventional
energy supply projects such as large hydroelectric
dams and coal plants. In 1989, for example, World
Bank lending for solar, geothermal, and wood-based
energy projects amounted to less than 1 percent of its
energy sector funding. Similarly, energy efficiency
has not been a significant focus (57).

Options-Congress could redirect U.S. (and at-
tempt to redirect multilateral) energy policies away
from large-scale energy projects, such as oil- and
coal-fired powerplants, and toward energy effi-
ciency, renewable technologies, and least-cost plan-
ning. Congress could ensure that A,l.D. and the
Department of Treasury have sufficient resources
allocated to comply with the provisions of the fiscal
year 1990 Foreign Operations Appropriations Act
(Public Law 101-167), which is a step in this
direction .33

Congress aso could consider expanding A.l1.D.’s
Office of Energy program, which provides assist-
ance to developing countries in formulating strate-
gies for price reform. Similarly, it could encourage
A.l.D. and the MDBs to work with the Eastern
European and Soviet governments to initiate re-
formsin pricing policies.

To overcome agency reluctance to fund small
projects, Congress could promote “bundling”-
combining several small energy projects into one
large project that supplies a substantial amount of
energy and involves financial scales customarily
handled by large development banks (e.g., $5
million or more). Public Law 101-167 instructs the
Secretary of Treasury to work with borrowing
countries to develop loans for bundled projects on
end-use energy efficiency and renewable energy,
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The juxtaposition of old and new technology: Guide
leads oxen around solar cells at water pump, part
of the Basaisa Project, Egypt.

Congress also could promote greater funding by
smaller development organizations.* For example,
the Inter-American Foundation (IAF) and the Afri-
can Development Foundation (ADF) work closely
with the larger Inter-American and African Develop-
ment Banks to find or implement community-scale,
grassroots development programs. These smaller
foundations generally have a greater ability to
examine smaller scale, modular programs than do
their parent organizations, but to date they have
rarely been involved in energy projects.

Population Policy Issues

The U.S. Government supported the right of
couples worldwide to control the number and
spacing of their children beginning in the mid-
1960s; under the Foreign Assistance Act as amended
in 1965, family planning is considered an important
contributor to economic development and improved
health and nutrition (11, 46). Most nations now
firmly support family planning assistance.

However, at the world population conference held
in Mexico City in 1984, the United States reversed
its historic position by declaring that population
growth was a ‘‘neutral’ factor and that economic

33public Law 101-] 67 directed A 1.D. 10 identify key middle- and low-income countries in which energy and forestry policies could significantly
reduce greenhouse gas emissions, Four countries-—China, Brazil, Indonesia, India-appear to emit as much greenhouse gases as the other developing
countries combined. Other countries considered Strong candidates for attention inctude Poland, Egypt, Mexico, Thailand, Colombia, the Philippines,
Bangladesh, Nigeria, and Zaire. A 1.D. currently does not provide direct assistance to China, Poland, or Mexico.

340ther mechanisms to facilitate private-sector trade i, e,,_.ff,i t and renewable energy technologies were discussed above (see ‘ ‘Technology

Transfer and Trade With Other Countries’ above).
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development could compensate for any population
level. Associated with this change were new restric-
tions on A.l.D. Thus, two important international
population assistance programs lost U.S. funds-the
International Planned Parenthood Federation at the
end of 1984, and the United Nations Population
Fund (UNFPA) in early 1986. Moreover, U.S.
funding earmarked specifically for A. I.D. 's main
population account has declined in recent years,
from $290 million in fiscal year 1985 to an estimated
$218 million in fiscal year 1990 (44).”

Some people argue that family planning assist-
ance should be reduced or eliminated as a part of
international aid (1 1). However, the UNFPA (38)
concluded that more assistance is needed if the
world's population is to stabilize--sometime early
in the 22d century-at a level of 10 or 11 billion
people (this is the UN’s ‘‘mid-range’ projection). In
particular, more assistance is needed to eliminate the
large ‘‘unmet need’ for family planning services;
the UNFPA estimates that the additional direct cost
of providing contraceptive services would likely be
less than $1 billion per year, but that several billion
dollars per year also are needed for arange of backup
activities (e.g., education and communication, women's
programs, research and evaluation).

Any global warming policies thus must include
decisions on the U.S. role in international family
planning. As indicated above, this issue has been and
still is highly contentious. Nevertheless, Congress
could reconsider the appropriate level of funding,
how funds should be distributed, and under what
restrictions or sanctions they should be distributed.

CONCLUDING REMARKS

Currently, the United States and other industrial-
ized countries (including the U.S.S.R. and Eastern
Europe) contribute up to two-thirds of all green-
house gas emissions, mostly from fossil fuels used
to power these highly energy-consumptive societies.
There are opportunities for industrialized countries
to stabilize or decrease their annual emissions of
greenhouse gases. However, some sectors in Eastern
Europe and the U.S.S.R. are; also likely to increase
CO,emissions till further. In the U. S. S. R,, for
example, thereisonly 1 car for every 25 people. In
Poland and Hungary, living areas average 10 to 15

square meters per person as opposed to the U.S.
average of 60.

Developing countries currently contribute at least
one-third of greenhouse gases, mostly from land use
changes and practices (e.g., tropical deforestation,
rice cultivation, and livestock). But, CO,emissions
will surely rise for developing nations still building
an industrial base, just beginning to supply electric-
ity to their people, and increasing the use of modern
methods for cooking, heating, and transportation.
Efficiency investments, while crucial to growth, can
only decrease the need for new power; they can not
eliminate it. Thus, if current trends continue, the
greenhouse gas contribution from developing coun-
tries will grow quickly within a few decades to equal
or exceed those from the devel oped world.

Social, cultural, and economic differences will be
of paramount importance in any international nego-
tiations that take place regarding climate change, For
example, reductions in per-capita living standards
(which reflect many of the above factors) are not a
desirable policy goal, especialy for countries that
are well below the average. A goal for these
countries is to decouple greenhouse gas emissions
from desired economic growth. Conceptually, there
are several ways to achieve this-switching to
nonfossil fuels (e.g., solar, nuclear), increasing the
efficiency of energy and materials use, reversing
tropical deforestation, and implementing sustaina-
ble use of forest and agricultural resources. More-
over, no examination of the nature and dynamics of
development, natural resource and energy use, and
environmental protection can omit consideration of
population growth nor, for that matter, issues such as
foreign debt.

Options for the U.S. Congress are limited when
dealing with the actions of other sovereign nations.
However, Congress could directly encourage reduc-
tions in greenhouse gas emissions by adjusting aid
policies and processes to take greenhouse gases into
account. It could also encourage development and
transfer of appropriate technology, encourage corpo-
rate ventures into nongreenhouse gas emitting tech-
nologies, and work towards adoption of interna-
tional protocols.

35These are actual or estimated expenditures and vary dlightly from official authorizations. Total funding for population-related projects was slightly
higher, because some family planning projects also are funded under other accounts.
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The United States is the world's leading industrial
society and largest single producer of CO,. Mgor
reductions of C0,and other greenhouse gases will
require significant new initiatives by the Federal
Government, the private sector, and individual
citizens. The economic cost of these initiatives could
be considerable. And many of these efforts must be
sustained over decades.

OTA’s analyses suggest that if the United States
enacts a ‘‘Moderate set of low-cost technical
options, CO,emissions in 2015 will be about 15
percent higher than 1987 levels. If the United States
enacts a ‘' Thugh' package, CO,emissions in 2015
could be as much as 35 percent below 1987 levels.

But, if the United States takes no action, emis-
sions could increase by 50 percent in the next 25
years. This would continue the trend seen in the
1980s. Since the last two oil crises in the 1970s,
concerted efforts to conserve energy have dwindled
on al fronts-from government research and devel-
opment to persona purchasing decisions. Many
other goals diluted these efforts as energy prices
dropped in the 1980s.

Now, as we begin the 1990s, several overarching
issues loom on the horizon-energy insecurity, m
demonstrated by the events in the Persian Gulf;
domestic environmental problems as evidenced
by numerous oil spills and persistent air pollution;
global environmental degradation such as the
Antarctic ozone hole, and tropical deforestation; and
sustainablc development as the Third World strug-
gles to bring burgeoning populations into the
industrial age and compete in world markets.

All of these concerns are difficult to control
unilaterally, yet the changes they could induce in the
average (J. S. citizen's lifc over the next few decades
may be profound. However, a common thread runs
through these issues and can serve as an overal
national g(~al-efficient energy use and conserva-
tion of’ natural resources. Ultimately, achieving
this goal can help to sustain industrial output,
competitiveness, and our overal quality of life.
However, getting there will not be easy. Many of the
options identified in this report can help move us in
this direction while simultaneously reducing green-
house gases.
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Chapter 2
A Primer on Climate Change

SUMMARY AND INTRODUCTION

Scientists are confident that human activity is
dramatically changing the chemical makeup of the
Earth’ s atmosphere. Atmospheric concentrations of
several "greenhouse gases,"*which trap heat in the
atmosphere, have risen rapidly over the last 100
years. Some of these gases (carbon dioxide, meth-
ane, and nitrous oxide) occur naturally, but their
rapid increase is generally a consequence of human
activity. For example, the atmospheric concentra-
tion of carbon dioxide is currently increasing about
30 to 100 times faster than the rate of natura
fluctuations indicated in the paleoclimatic record (7,
53); concentrations are already 25 percent above
average interglacial levels and 75 percent above the
level during the last glacial maximum (37). Like-
wise, the atmospheric concentration of methane is
increasing more than 400 times natural rates of
variability (13a, 37). Other greenhouse gases—
chlorofluorocarbons (CFCs) and halons--are syn-
thetic chemicals that have been introduced into the
atmosphere only during the last 50 years. The United
States currently accounts for about 20 to 25 percent
of all greenhouse gas emissions associated with
human activity.

Many climate models used to predict global
average surface temperatures suggest an increase of
05to0 2 ‘F (0.3to 1.1 ‘C) should have occurred over

the past 100 years due to increased atmospheric
concentrations of greenhouse gases. Natural climate
variability and other factors (measurement errors,
urban heat island effects, etc.) confound detection of
the expected change. The Intergovernmental Panel
on Climate Change, or IPCC (37),~--(a group of
several hundred scientists from 25 countries)--
concluded that the global temperature record over
this period indicates that the Earth actually has
warmed by about 0.8 ‘F (0.45 °C),’which is within
(but at the low end) of the range of estimates.’See
table 2-1 for a summary of the IPCC findings.

Although there are many uncertainties about
climate change, the IPCC (37) concluded that if
present emission trends continue, global average
temperatures could rise by roughly an additional
2.2'F (1.0 ‘C) by the year 2030.

Unfortunately, scientists have much less confi-
dence in predictions for specific regions than for
global averages, in that regional climate change is
heavily affected by shifting and difficult-to-predict
atmospheric and oceanic circulation patterns. Greater
warming is likely to occur in some geographic areas
compared to others; negligible change or even
cooling is expected in some places. Some regions
may experience more drought, others more precipi-
tation and perhaps changes in the frequency and

!Greenhouse gases trap heat in the atmosphere instead of letting it radiate out into space. Much of the increase in these gases over natural jevels is
due to actions of humankind. The key greenhouse gases and their primary anthropogenic sources are:

+ Carbon dioxide (CO,)-—which is responsible for an estimated 55 percent of the enhanced greenhouse effect from 1980 to 1990 (37), primarily from

fossil fuel burning in industrialized counties and deforestation in less developed countries. CO, isincreasing in the atmosphere at 0.5 percent/year.

+ Methane (CH,}—15 percent of the effect; emitted from rice paddies, ruminant animals, coal mining, natural gas leakage, landfills, and biomass

burning. CH, isincreasing at 0.9 percent/year.

+ Nitrous oxide (N,0)—6 percent of the effect; sources are nitrogenous fertilizers, fossil fuel combustion, and biomass burning. N,O is increasing

at 0.25 percent/year,

+ Chlorofluorocarbons (CFCs)—24 percent of the effect; these are manmade chemicals used primarily for refrigeration and insulation. CFCs are
increasing in the atmosphere at the rate of 4 percent/year. The revised Montreal Protocol (see box 2-C) will phase out these chemicals over the next

two decades in participating counties.

“This estimate is based on a weighted average of measurements from sites around the globe, corrected to remove warming due to urban growth. The
IPCC estimate did not include data for 1990, which is reported to be the warmest year of the instrumental record. Temperature data for the global land
surface, total global surface (land and oceans), and troposphere indicate that 1990 was about 0.1 ‘C, 0.05 ©C, and 0.02 ‘ C warmer, respectively, than
any prior year m the 1980s or m the entire record; satellite data suggest that 1990 was the fourth warmest year since observations began (3a,10a,13b,

30a),

‘+ Several hundred scientists from 25 countries participated in this multi-year effort sponsored by the World Meteorological Organization and the

United Nations Environment Program,
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Table 2-1 —Highlights of the IPCC 1990 Scientific Assessment of Climate Change

The IPCC is certain that:

. There is a natural greenhouse effect that already keeps the Earth warmer than it would otherwise be.
. Emissions resulting from human activities are substantially increasing the atmospheric concentrations of the greenhouse gases.

The IPCC calculates with confidence that:

« Atmospheric concentrations of the long-lived gases (COZ, N,0, and the CFCs) adjust only slowlyto changes in emissions. continued
emissions of these gases at present rates would commit us to increased concentrations for centuries ahead.
. The longer emissions continue to increase at present-day rates, the greater reductions would have to be for concentrations to stabilize

at a given level.

. immediate reductions (on the order of 60°/0) in emissions of long-lived gases (C0,, N,0, and the CFCs) from human activities would
be required to stabilize their concentrations at today’s levels; methane would require a 15 to 200/. reduction.

Based on current model results, the IPCC predicts that:

« Under the | PCC Business-As-Usual Scenario,*global mean temperature will increase about 0.3 ‘C per decade (with an uncertainty
range of 0.2 to 0.5 ‘C per decade), reaching about 1 ‘C above the present value by 2025 and 3‘C before the end of the 21st century.

. Land surfaces will warm more rapidly than the ocean, and high northern latitudes will warm more than the global mean in winter.

« Global mean sea level will rise about 6 cm per decade over the next century, rising about 20 cm by 2030 and 65 cm by the end of the

21st century.

All pred ictlons ar'e subject to many uncertalnties wit h regard to the timing, magnitude, and regional patterns of climate change,

due to incomplete understanding of:
. sources and sinks of greenhouse gases,
. clouds,
. oceans, and
« polar ice sheets.

The IPCC judgment is that:

. Global mean surface air temperature has increased by about 0.45 ‘C (with an uncertainty range of 0.3 to 0.6 ‘C) over the last 100
years, with the five globally averaged warmest years occurring in the 1980s.

. The size of this warming is broadly consistent with predictions of climate models, but it is also of the same magnitude as natural climate
variability. Thus, the observed temperature increase could be largely due to natural variability; alternatively, this variability y and other
human factors could have offset a still larger human-induced greenhouse warming. The unequivocal detection of the enhanced

greenhouse effect from observations is not likely for a decade or more.

3Assumes that emissions of all greenhouse gases continue at 1990 levels. See note 7 in text and ref. 37.

SOURCE: Intergovernmental Panel on Climate Change, Scientific Assessment of Climate Change, Summary and Report, World Meteorological
Organization/U.N. Environment Program (Cambridge, MA: Cambridge University Press, 1990).

intensity of storms.’At this stage it isimpossible to
confidently project the magnitude of the impacts of
global warming, the speed with which they will
develop, or where they will manifest themselves
most severely.

We appear to be pushing the climate system
beyond the limits of natural rates of change experi-
enced by the Earth for hundreds of thousands and
probably millions of years (9, 37, 53). The projected
rate of climate change may outpace the ability of
natural and human systems to adapt in some areas
(37, 81). While it maybe many years before climate
monitoring proves global warming is statistically
significant, each year that passes increases the
severity of the policy actions that would be needed

to slow or reverse these climate trends. The IPCC
(37) estimates that stabilizing trace gas concentra-
tions at current (perturbed) levels would require an
immediate 60-percent reduction in carbon dioxide
emissions, 15 percent in methane emissions, and 70
percent in nitrous oxide and CFC emissions.

THE GREENHOUSE EFFECT

What |s Climate and Climate Change?

The Earth’s climate is driven by many factors.
The primary force is radiant energy from the Sun,
and the reflection or absorption and reradiation of
this energy by atmospheric gas molecules, clouds,
and the surface of the Earth itself (including, for

4General circulation models (GCMs) predict that warming could exacerbate summer drought over land at mid-latitudes primarily through a
combination of earlier spring snowmelt and enhanced evaporation of soil water (30, 56). In Hansen et al. 's (30) model, both extremes are intensified;
wet areas tend to get wetter, dry areas tend to get dryer. However, predictions of regional drought occurrence and intensity are uncertain because they
are sensitive to uncertain components of GCMs, particularly soil moisture content, clouds, and ocean circulation patterns (30, 59). Precipitation data
for land suggest some broad consistency with model projections, but with many unexplained discrepancies (17). Warming could also result in more
intense or frequent storms of some types, including hurricanes and thunderstorms (20, 55, 30). Some studies indicate that maximum sustainable hurricane
intensity should increase with global warming (20). Moreover, the region where hurricanes are viable may expand (30). However, present modeling
results provide no consistent, convincing evidence that storms and related climate extremes will increase or decrease in frequency or intensity. Better
understanding of regional climate change must await higher resolution climate models (37, 85).
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Figure 2-1—U.S. Annual Temperature and Precipitation, 1895-1989

U.S. National Temperature
January— December 1895.1989

Degree Fahrenheit Degree Celsius

55.0 127
124

oo SR , 121
53.0 , " " ’/ k'_f\( ‘(ﬂ" o - "\ 11.8
. ’,,t" 'ﬂ\ ; 1)/\,‘\/%? ' A ,:‘:\:",‘. “\_\ L 11.5

520 7 L At LN 12
1 . . : . 10.9

st0 ' ' 10.6
' 10.3

50.0 10.0

18951905191519251935 19451955 196519751985

U.S. National Precipitation
January— December 1895-1989

Inches Millimeters
854
330 1 . N 824
A ' /*. A 794

30.5 .o Co f / ‘ RN
S TR SO L VE ...

R CHL Y £ i i S T JEAT S ST CIR I M i

i ; ! ) ) ", V.
280 /:J \J ' \K ! \J \\\// i‘ CI ' k’/ 1 l\\ 704
Pt 7, 4 ,

, o ’ . 674
25.5 ‘ - b . 644
‘ 614
230 584

1895 1905191519251935 1945 1955 196519751985

Fluctuation in temperature and rainfall can be dramatic from year to year even over an area as large as the United States (6 percent of the
global land area and 2 percent of total global surface area). No trend can be interpreted from these data.

SOURCE: National Climatic Data Center, NOAA.

example, forests, mountains, ice sheets, and urban-
ized areas), A portion of the reradiated energy leaves
the atmosphere. Over the long-term, balance is
maintained between the solar energy entering the
atmosphere and energy leaving it. Within the bounds
of this balance, variations in global and local climate
are caused by interactions among the atmosphere,
snow and ice, oceans, biomass, and land. An
example is El Nifo, a large-scale warming of the
tropical Pacific that occurs periodically, apparently
due to complex interactions between the ocean and
atmosphere (60).

A region’s general climate is defined by aggregate
weather patterns-e. g., snowfall, predominant wind
direction, summertime high temperature, precipi-
tation—averaged over several decades or longer.
These patterns can vary substantially from one year
to another in a given area. The mean annual
temperature of the United States, for example, can
differ by 2 to 3 ‘F from one year to the next and
annual rainfall can differ by 4 or more inches (see
figures 2-la and 2-1h).

When scientists talk about climate change, they
are generally talking about trends that persist for
decades or even centuries, over and above natural
seasonal and annual fluctuations. One type of
change arises from forces that are external to the
Earth’s climate system. The ice ages and glacial-
interglacial cycles, for example, are thought to have
been triggered in large part by changes in the
seasonal and geographical distributions of solar
energy entering the Earth’s atmosphere associated
with asymmetries in the Earth’'s orbit around the

Sun. Also, major volcanic eruptions can pour
aerosols (e.g., sulfur particles) into the stratosphere,
partially blocking or screening sunlight from reach-
ing the surface of the Earth and thus temporarily
cooling the Earth’s surface. Variations in volcanic
activity, ice sheets, forest cover, marine phytoplank-
ton populations, and/or ocean circulation, among
other factors, may have interacted with solar varia-
bility (including changes in the Sun’s brightness) to
determin e the Earth’s past temperature record (4a,
11, 12, 24, 46a, 76, 108, 114). Scientific research
continues to improve our understanding of climate
as avery complex system (37, 38, 99, 102, 103).

Emissions of greenhouse gases due to human
activity constitute a new force for climate change,
acting in addition to the natural climatic phenomena.
Because of natural variability in climate, the IPCC
(37) concluded that the observed 20th century
warming trend will have to continue for one to two
more decades before it can be unambiguously
attributed to enhanced greenhouse gases (18, 52,62,
86, 87). However, given the potentially severe
conseguences of climate change, policymakers are
faced with the challenge of making decisions under
conditions of considerable scientific uncertainty.

Climate Change Due to Greenhouse Gases

Overview

About 30 percent of the solar radiation reaching
the Earth is reflected by the atmosphere and Earth
back to space, and the remainder is absorbed by the
atmosphere, ice, oceans, land, and biomass of Earth
(see figure 2-2). The Earth then emits long-wave
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Figure 2-2—The Greenhouse Effect (radiation flows expressed as apercent of total Incoming or outgoing energy)
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Incoming solar radiation is partially reflected back into space (30 percent) and partially absorbed by the atmosphere, ice, oceans, land, and
biomass-of the Earth (70 percent). The Earth then emits radiant energy back into space. The “Greenhouse Effect” refers to the trapping
of some of the radiant energy the Earth emits by atmospheric gases, both natural and anthropogenic. As a result of this effect, the Earth’s

surface and lower atmosphere warms.
SOURCE: Office of Technology Assessment, 1991.

radiation, which is partially absorbed and *‘trapped’
by atmospheric gases.’The net result of these natural
processes is the * ‘greenhouse’ effect—a warmingo f
the Earth’s atmosphere and surface. Without the
natural heat trap of these atmospheric gases, Earth’s
surface temperatures would be about 60 ‘F (33 ‘C)
cooler than at present, and life as we know it today
on Earth would not be possible."Water vapor (in the
form of clouds) and carbon dioxide (CO,) are the
major contributors to this effect, with smaller but
still significant contributions, from other trace gases,
such as methane (CH,), nitrous oxide (N,O), and
ozone (O,).

Human activities during the last century have
resulted in substantial increases in the atmospheric
concentrations of CO,, CH,, and N,O, aswell asthe
introduction and rapid increase of the synthetic
chlorofluorocarbons (CFCs). All other things being
equal, as concentrations of these gases increase,

more radiation should be trapped to further warm the
Earth’'s surface and atmosphere. However, as more
heat is trapped and the Earth and atmosphere warm,
more thermal radiation should be emitted back to
space, eventually restoring the energy balance or
equilibrium, but with a warmer climate.

The basic “heat trapping” property of green-
house gases is essentially undisputed. However,
there is till considerable scientific uncertainty about
how and when Earth's climate will respond to
enhanced greenhouse gases. The more uncertain
aspects of climate response include: climate feed-
backs that will help determine the ultimate magni-
tude of temperature change (i.e., * ‘equilibrium”
warming); the role of the oceans in setting the pace
of Warming; and other climate changes that might
accompany warming and how specific regions of the
world might be affected.

5Greenhouse gases both €Mit and absorb radiation. The net effect is absorption because they absorb relatively intense radiation from the warmer Earth
and €MIt relatively weak radiation at cooler atmospheric temperatures. Thermal radiation declines as the temperature of the emitting object declines.
SThisalsoexplains differences among surface temperatures on Venus, Mars, and Earth.
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“Benchmark” Warming-The Effect of
Doubled CO,Concentrations

Predictions of future warming due to greenhouse
gases are highly uncertain, largely because of the
uncertainties inherent in both the climate models
themselves and in the projection of future green-
house gas emissions levels (box 2-A discusses
climate change models). Future emissions will be
tied to population and economic growth, technologi-
cal developments, and government policies, al of
which are difficult to project.

To avoid the pitfalls and complexity of estimating
future emissions, and to provide a common basis for
comparing different models or assumptions, climate
modelers typically examine climates associated with
preindustrial levels of atmospheric CO,concen-
tration. These are compared to “equilibrium”
climates—i.e., when the climate system has fully
responded and is in equilibrium with a given level of

radiative forcing associated with double those lev-
els. Although such ‘‘sensitivity analyses' provide
useful benchmarks, they are unrealistic in that they
instantaneously double CO,concentrations, rather
than increase them gradually over time. In the last
few years, scientists have intensified research using
more realistic ‘‘transient’ climate models where
CO,increases incrementally over time (28, 37, 90,
105).

Many models indicate that a rangeof3to8“F ( 1.5
to 4.5 °C) bounds the anticipated equilibrium
warming in response to a doubling of CO,from
preindustrial levels (37, 54, 84, 101). Uncertainty as
to the actual figure is primarily due to uncertainty
about feedbacks—processes that occur in response
to initial warming and act either to amplify or
dampen the ultimate equilibrium response. The
lower end of the range (3 °F change) roughly
corresponds to the direct impact of heat trapping

Box 2-A—Maodels of Climate Change

Climate models consist of sets of mathematical expressions that describe the physical processes associated with
climate-e. g., seasona changes in sunlight, large-scale movement of air masses, evaporation and condensation of
water vapor, absorption of heat from the atmosphere into the oceans, tc. In the most detailed models, known as
general circulation models (GCMs), the atmosphere is sectioned off into “cells’ roughly 300-miles square at the
Earth's surface, and the cells are stacked several layers deep. The vertical layers reach about 20 miles into the
atmosphere. For each cell and period of time (e.g., an hour), the sets of mathematical expressions are solved to
predict such variables as temperature, humidity, air pressure, and wind speed. In simulating a century’s worth of
climate, the process is repeated hillions of times,

At the core of climate models are expressions of physical principles such as the conservation of energy or mass
(e.g., of air or water vapor). Such “laws’ govern interactions among the atmosphere, oceans, sea ice, land, and
vegetation. However, using fundamental principles is too cumbersome to model some processes--because the rea
scale involved is much smaller than the dimensions of a GCM cell. In these cases, modelers are forced to rely on
observed (i.e., empirical) relationships. For example, statistics on how cloud occurrence (i.e., types, atitudes)
depend on temperature and humidity levels could be used to predict when clouds should be “created” during a
model simulation. A potentialy critical problem with using empirical relationships, rather than fundamental
physical principles, is the possibility that observed relationships may not hold for conditions other than those under
which the observations were made.

In climate models developed to date, atmospheric conditions have been treated more comprehensively than
oceanic or biosphere (i.e., land and vegetation) conditions. Atmospheric conditions are the first to adjust to changes
in rediative forcing such as increased greenhouse gas concentrations, and the seasonal cycle of climate provides a
good test of the ability of models to simulate the short-time-scale processes involved. Although they are not treated
in as much detail, some changes in the oceans and in the extent of seaice are also predicted and fed back into further
predictions. Efforts to improve oceanic components of models are a major focus of current research. Finally,
conditions of land and vegetation are usually fixed before a simulation is run and are not changed during it. The
rationale for holding these conditions fixed is that they are expected to respond to climate change comparatively
slowly. However, these simplifications could mean that some important processes or feedbacks are ignored (15, 51,
55).

State-of-the-art climate modeling is focusing on: higher spatial resolution of models; coupled models that link
atmosphere, ocean, land, and ice models; and more realistic model representations of key climate processes such
as cloud formation and atmosphere-oceans-hiomass interactions (37).
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associated with doubled CO, with little amplifica-
tion from feedbacks. The upper end of the range f8
°F) accounts for feedback processes that roughly
triple the direct heat-trapping effect. Hypothesized
feedbacks that could release extra CH,and CO,into
the atmosphere are not included in present models
(37,5 1), so warming could be even more severe. On
the other hand, clouds may block much more solar
radiation than models presently assume and thereby
reduce the warming (see ‘‘Climate Feedbacks
below).

It isimportant to realize that a3 to 8 ‘F warming
only bounds model predictions of warming in
response to this reference or benchmark CO,level.
Higher CO,concentrations, or a combination of
greenhouse gas levels equivalent to more than a
doubling of CO,, could lead to greater warming.
Likewise, lower greenhouse gas concentrations lower
the eventual warming. EPA (98) projected that in the
absence of a slowdown in emissions growth, an
‘‘effective CO,doubling (i.e., accounting for
increases in other trace gases as well as CO,) could
occur as early as 2030 assuming high rates of
population and economic growth, or be delayed for
about a decade if lower growth prevails. The IPCC
“business as usual” emissions scenario’projects a
global mean temperature increase above today's
level of about 0.54 ‘F (0.3 ‘C) per decade, or an

increase of roughly 2.2 ‘F (1.0 ‘C) by 2030 and 6.6
°F (3.0 °c) by 2100 (37).

Detecting Climate Change-Warming Over the
Past Century

Change in global average surface air temperature
is the most common measure of climate change.
There has been much debate over whether warming
consistent with greenhouse theory predictions actu-
ally has been observed in the global temperature

record of the past century. High regional variability
of both the ‘‘natural’ climate and of ‘‘enhanced
greenhouse’ effects make detection of climate
change difficult (37). Nonetheless, the six warmest
years of the past century occurred since 1980 (37,
40) and, overall, global warming appears to have
occurred over the last century (see figure 2-3) (30).°
Based on a review of all major global temperature
series, for both land and ocean, the IPCC (37)
concluded that global mean temperature has in-
creased by 0.54 t0 1.08 ‘F (0.3t0 0.6 ‘C) over the last
100 years.’However, the IPCC noted that * ‘the size
of the observed warming is also of the same
magnitude as natural climate variability.

The midpoint of the IPCC rangeis at the low end
of most estimates from models of the warming that
should have occurred to date,even when the
delaying effect of the oceans is taken into account.
For example, Wigley and Schlesinger (1 10) esti-
mated that between 1850 and 1980, a global
temperature increase of about 0.7 to 2.0 ‘F (0,4 to
1.1 ‘C) should have been caused by emissions of
CO,and other greenhouse gases.” Dickinson and
Cicerone (18) analyzed the effects of increased
greenhouse gases and estimated a similar expected
warming trend of 0.5to 1.8 ‘F (0.3 to 1.0 ‘C) for the
period 1900 to 1985. In general, models that use
historical increases in greenhouse gas concentra-
tions as inputs (as opposed to instantaneous dou-
bling calculations) show awarming of about 0.4 to
1.1 ‘C (depending on model assumptions) through
the year 1990 (26, 37, 83, 110, 111).

Nonetheless, given uncertainties in the models,
the magnitudes of observed and predicted warming
are considered ‘‘broadly consistent’ (37, 86, 87),
Most puzzling, however, is the interruption in the
warming trend that occurred during the middle of

7The JpCC * ‘business as usual’” scenario assumes that emissions of selected greenhouse gases (CO,, CH,, N,0) continue at 1990 levels from 1990
to 2100. For CFCs, the scenario assumes that the Montreal Protocol is implemented, albeit with only partial participation (see box 2-C). The atmospheric
concentration of CO, would double (over preindustrial levels) by about 2060, but the *‘effective’ CO, concentration (the cumulative effect of all trace
gases) would double by 2025. The IPCC temperature projections cited here assume a “best estimate” climate sensitivity of 2.5 ‘C for equilibrium

warming.

8The Hansen estimates (29) were compiled using gata from land-based sites; no da@ from ships were included, Comparison with the trend estimated

by Jones et a. (38& 39), who used data taken aboard ships as well as on land, suggests that this omission had only a small effect on the overall trend.
The method used to combine individual station data attempted to minimize errors due to uneven coverage. Preliminary surface temperature data indicate

that 1990 was the warmest year of the past century (3a, 10a, 30a).

9Urban heat island effects can be large in specific areas (42, 1124) but are estimated to account for no more than 0.05 to 0.1 ©C in the global averages

(40, 41, 43).

19Some scientists believe the actual warming Nas been closer to the low end of this range due to errors from uncorrected Urban heat island ffects (5)
(but see footnote 9), ocean temperature measurement problems (1 16), and various discontinuities OF inconsistencies in the temperature data (2 1, 62).

1'Based on model predictions that a temperature increase i the range Of 310 8 oF (15 to 45 ‘C) would uItimaIer result from instantaneously doubling
atmospheric co, concentrations; and including a range of time lags due to the uncertain effect of the oceans in delaying warming.
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this century (see figure 2-3), when the Northern
Hemisphere cooled and the Southern Hemisphere
temperature was ‘* flat.” This underscores the possi-
bility that other ‘natural ** influences-e. g., changes
in volcanic dust, solar radiation, or ocean circulation—
have affected 20th century climate, The IPCC (37)
concluded that ‘‘the observed [temperature] increase
could be largely due to this natural variability;
alternatively this variability and other human factors
could have offset a still larger human-induced
greenhouse warming. ' The IPCC (37) further con-
cluded that ** [t]he fact that we are unable to reliably
detect the predicted [enhanced greenhouse] signals
today does not mean that the [enhanced] greenhouse
theory is wrong, or that it will not be a serious
problem for mankind in the decades ahead. ”

Hansen and Lebedeff (29) examined the observed
changes in average temperatures at different lati-
tudes and found that the past century’s warming was
especialy enhanced at high northern latitudes,
which is consistent with model results. However, the
trend is not smooth. Cooling actually occurred in the
high northern latitudes between 1940 and 1965. And
the 1980s’ warming was driven by changes in the
low latitudes, with relatively level temperatures or
cooling in much of the mid- to high-northern and
southern latitudes (3, 29). A significant reduction in
summer/winter temperature differentials (over the
past century is also consistent with model calcula-
tions (29).

Finally, oxygen isotope data recovered from air
trapped in Greenland and Antarctic ice allow scien-
tists to place the temperature record of the past
century in geologic perspective (50, 100). The IPCC
midpoint estimate of global warming over the past
century (0.8 O.or 0.45 ‘C) is about one-fourth as
large as temperature variations (3.6 °For 2°C
minimum to maximum) estimated to have occurred
during the past 10,000 years. Thus, attributing some
part of the warming since the late 1800s to natural
variations would be consistent with the longer term
record. The IPCC (37) concluded that ‘‘[a] global
warming of larger size has almost certainly occurred
at least once since the end of the last glaciation
without any appreciable increase in greenhouse
gases. Because we do not understand the reasons for

Figure 2-3—Global Temperature Anomalies
by Hemisphere, 1861-1989
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these past warming events, it is not yet possible to
attribute a specific proportion of the recent, smaller
warming to an increase of greenhouse gases.

Climate Feedbacks

“Direct’ heat trapping, or “radiative forcing”
refers to the expected warming due to greenhouse
gas emissions if potential climate feedbacks—proc-
esses that occur in response to warming either aug-
menting or diminishing the effect—are ignored. *
The radiative forcing effect of greenhouse gases

12Radiative fOrCiNG o heat trapping iscalculated with models of the energy balance Of the Ear th/atmospher € system. These models cglculatesurface

temperature adjustments to increased greenhouse gas concentrations from information about the radiative absorption characteristics of the gas molecules,
and globally averaged profiles of gas concentration versus height in the atmosphere. The models also require information about preexisting
conditions—e.g., atmospheric temperature profiles; the amount of solar energy entering the atmosphere and the amount reflected from the Earth’s surface
and from atmospheric acrosols and gases; and the rate at which heat is redistributed through mechanical mixing processes.
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added to the atmosphere since the late 1800s is
equivalent to about a 1.4 ‘F (0.8 ‘C) equilibrium
increase in global average surface temperatures (18,
70, 71).

However, scientists expect that some climate
feedbacks will operate. Enhanced radiative forcing
is expected to lead to changes in oceanic and
atmospheric circulation patterns, the hydrologic
cycle of precipitation and evaporation, vegetation
cover, and snow and ice clover, al of which could, in
turn, stimulate further, complex climate change.”

Most climate models suggest that, overall, feed-
back will amplify warming by a factor of up to 3 (26,
31, 37). Two fairly well understood feedbacks result
from increases in atmospheric water vapor and the
melting of snow and ice. As temperatures increase,
air can hold more water vapor (itself a greenhouse
gas). This can more than double the effect of
radiative forcing (25, 37, 72).

Melting of snow and ice due to warmer tempera-
tures enhances warming in two ways:

1. reducing the reflectivity of the Earth’s surface
(land or ocean), so less solar radiation is
reflected and more is absorbed; and

2. reducing the insulating effect that seaice has on
the ocean, so heat escapes from high-latitude
oceans more readily.

Snow and ice feedbacks result in only a 10 to 20
percent increase in warming on a global scale, but
they can increase local warning at high latitudes by
up to a factor of 4, particularly in winter ( 19,72, 78).

Indeed, the greatest warming due to increasing
greenhouse gas concentrations is predicted to occur
in winter, at high latitudes. In particular, General
Circulation Models' (GCMs) highest estimates of 8
‘F global warming in response to doubled CO,rest
on predictions that wintertime warming in high
latitudes will exceed 15 ‘F, with lesser changes
occurring during other seasons and at lower latitudes
(82, 84).

Twentieth century warming has not been large
enough to cause widespread, detectable melting of
high latitude snow and ice, with the notable excep-

tion of the retreat of some alpine glaciers (although
with periods of readvance [113]). Sea ice, snow
cover, and ice sheet data either indicate no clear
overal trends or are too limited or unreliable for
identifying trends (37). There is recent evidence that
at least parts of the Antarctic and Greenland ice
sheets are actually thickening (37, 67a, 118), possi-
bly because of increased snowfall due to warming in
those areas (1 19). (This somewhat counterintuitive
result can be explained if: a) warmer surface
temperatures increase evaporation from the oceans,
which would increase absolute humidity and precip-
itation; and b) the precipitation fals as snow, not
rain, so long as temperatures are still below freezing
[37]). Recent modeling results from coupled atmos-
phere-ocean GCMs suggest that amplified high
latitude warming may not occur at least in the
Southern Hemisphere around Antarctica (37, 57,90,
105), with the implication that temperatures in this
region will remain below freezing.

Finally, how climate will respond to greenhouse
forcing depends, in part, on what will happen to
clouds (37). Clouds play a dual role in Earth's
energy balance: depending on their shape, altitude,
and location, their dominant effect can either be to
reflect solar radiation or to absorb or trap thermal
radiation (from Earth). Recent satellite data demon-
strate that the dominant effect of clouds at present is
to reflect solar radiation and hence help cool the
Earth, and that the magnitude of this cooling is about
three to five times the expected warming effect of
doubled CO,(73). However, as conditions change,
the cooling effects of clouds may increase or
decrease. If all types of clouds simply increase in
area, or if lower, broader stratus clouds increase,
they will reflect more sunlight back into space and
cool the Earth. If taller, narrower clouds or cirrus
clouds form, they will actually exacerbate the
warming effect. Overall, GCMs are extremely sensi-
tive to assumptions about cloud cover; a recent
model intercomparison concluded that clouds can be
either a strong positive or negative feedback on
global warming (13, 49). Depending on the model,
clouds can halve the warming expected from dou-
bled CO,(64) or double it (72, 73).

13The complexity and viability of climate change suggests that simultaneously monitoring a large number of relevant p agrameters will increase the

chances of detecting significant change (6, 37, 43, 115).

14§ome (52, 66) believe that the water vapor feedback will actually diminish rather than amplify CO,~ arming, due to drying of the air at high altitudes
and increased intensity of convection These are topics of continuing scientific research and debate.
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Several feedbacks involving emissions of green-
house gases are so speculative that they have not
been incorporated into most climate models. These
potential feedbacks are discussed below, in the
sections on CO,and CH,. If worst case conditions
hold, they could greatly increase atmospheric CO,
and CH,concentrations, resulting in twice as much
warming as current GCMs predict (98).

Delays in Climatic Response

Based on the 1.4 ‘F increase in radiative forcing
estimated to have occurred from 1880 to 1980, and
assuming that positive feedbacks could amplify
warming by a factor of up to three, a global average
warming of about 1.4 to 4 ‘F is eventually expected
as a result of the greenhouse gas concentration
increases of the past century. (This estimate does not
include any warming from current and future emis-
sions. ) As noted, this degree of warming has not yet
been seen. In fact, scientists do not yet expect to see
it, primarily because: 1) the natural variability of
climate would mask or could even offset some of the
change due to greenhouse gases; and 2) heat uptake
by the oceans would delay the warming of the air.

The oceans have an enormous capacity to absorb
and store heat. However, it takes several years for the
ocean's rapidly mixed surface layer (i.e., the top 100
meters) to equilibrate, on average, with warmer air
temperatures, and it takes decades to centuries for
the deep oceans to reach full equilibrium(31 ). Thus,
global average surface temperatures would continue
to increase for decades after greenhouse gas concen-
trations were stabilized. For example, scientists
estimate that only about half the 1.4 to 4° F warming
expected from emissions over the last century
should have been realized by now because of this
ocean effect (18, 26, 31, 110). The actual observed
warming has been at the low end of this range,
suggesting one or more of the following:

. the “*enhanced greenhouse effect is consider-
ably weaker than models predict, due perhaps
to stronger negative feedbacks;

. hatural variability is offsetting a large part of
the enhanced greenhousg;

- other anthropogenic factors (e.g., sulfur aero-
sols) are offsetting some of the enhanced
greenhouse; *

- ocean thermal lag islonger than thought.

Sea Levd

Sealevel, averaged globally, is estimated to have
risen 4 to 8 inches (10 to 20 cm) over the past century
(22, 37, 61). Scientists express high confidence that
sea level will rise as a result of warming, but
guestions of how much and how rapidly are contro-
versial (37, 61). The IPCC (37) has attributed 20th
century sea level rise primarily to thermal expansion
of ocean water as it warms and to partial melting of
alpine glaciers. Hoffman et d. (32) predicted that sea
water expansion and glacial melting could cause sea
level to rise about 4 to 8 inches (10 to 20 cm) by
2025, and 16 to 80 inches (40 to 200 cm) by 2075.
The IPCC reviewed all available evidence and
estimated about the same sea level rise by 2030 (3.2
to 11.6 inches, or 8 to 29 cm with a best estimate of
18 cm) but a considerably smaller rise by 2070 (8.4
to 28,4 inches, or 27 to71 cm with a best estimate of
44 cm). This lower estimate includes the counteract-
ing sea level drop due to (warming-induced) in-
creased snow accumulation in Antarctica (37).16 The
possihility that a polar ice sheet (such as the West
Antarctic ice sheet) could slide into the ocean and
raise sea level is very speculative. The IPCC (37)
concluded that ‘‘[a] rapid disintegration of the West
Antarctic ice sheet due to global warming is unlikely
within the next century, and cautioned that sea
level projections more than a few decades into the
future * ‘are fraught with many uncertainties. . .“

THE GREENHOUSE GASES

Historical and current growth ratesin greenhouse
gas concentrations (see table 2-2) fuel concerns
about the possibility that human activity has been
and will go on altering climate. Increases in CFC
concentrations are unambiguously due to human
activity, asthey are synthetic chemicals that do not
occur naturally. Human activity also is thought to be
largely responsible for raising concentrations of
N,O, CH,, and CO,above preindustrial levels,

15The IPCC (37 yconcluded thay the climatic effects of manmade sulfur emissions are ‘highly uncertain, « bt that * it is conceivable that this radiative
forcing has been of a comparable magnitude, but of opposite sign, to (he greenhouse forcing earlier in this century. ” Over the longer term, the IPCC
concluded that greenhouse forcing is likely to be larger on a global basis, but that forcing from sulfur emissions could be significant on a regional basis.
Predictions are difficult due to uncertainties about the direct and indirect radiative effects of sulfur aerosols (including their impact on clouds) as well

as future levels of sulfur emissions,

16Recent research (63) suggests a sealevel rise toward the lower end of the IPCC range of estimates for 2030.



Table 2-2—Major Greenhouse Gases

Assumed Projected Annual Emissions from U.S. share Contribution

concentration Concentration concentration growth rate human activity of emissions to warming

Gas in 1880° in 1990° in 2030° as of 1990b * in 1985 in 1985 1880 -1980°
Carbon dioxide (CO,)......... 260-290 ppm 353 ppm 440-450 ppm 0.5 %lyr 6-9 billion metric tons C’ 20%° 66%
Methane (CH,)...,.......... 1.2 ppm 1.72 ppm 2.5-2.6 ppm 0.9%l/yr 350million metric tons CH,* 1 0%, 15%
Nitrous oxide (NO)........... 290 ppb 310 ppb 340 ppb 0.25 %/yr  4-10 million metric tons Nt NE* 3%
CFC-11 . ... 0 0.28 ppb 0.5 ppb 4 %lyr 3,000 metric tons' 22%° 4%
CFC-12 ... oo 0 0.48 ppb 1.0-1.1 ppb 4 %lyr 4,000 metric tons' 30°/0° 50/0
Others ........coovviin.... NE*® NE NE NE NE NE 7%

‘V. Ramanathan et al., “Trace Gas Effects on Climate, " in Atmospheric Ozone 1985, Global Ozone Research and Monitoring Project Report No. 16, World Meteorologic’ Organization, National
Aeronautics and Space Administration (Washington, DC: 1985).

bIntergovernmental Panel on Climate Change, Scientific Assessment of Climate Change, Summary and Report, World Meteorological Organization/U.N. Environment Program (Cambridge, MA:
Cambridge University Press, 1990).

€U.S. Environmental Protection Agency, Office of Policy Planning and Evaluation, Policy Options for Stabilizing Global Climate, Draft Report to Congress (Washington, DC: June 1990). .
dimpact on warming ©Ver the next three decades of reducing .S EPA’s (1990) proj ected annual emissions of each gas by an amount equalto 20 percent of 1985 levels. Expressed as a f raction

of the impact of reducing projected annual carbon dioxide emissions by 20 percent of 1985 levels.

®R.J. Cicerone and R .S. Oremland, “Biogeochemical Aspects of Atmospheric Methane, " Global Biogeochemical Cycles 2:299-327, 1988,
1J.K. Hammitt et al., Product Uses and Market Trends for Potential Ozone-depleting Substances, 1985-2000 (Santa Monica, CA: RAND Corp., May 1986).

9NE = no estimate.
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Table 2-3--Alternative Estimates of Global Warming Potential (GWP) of Selected Greenhouse Gases

OTA estimates of GWP for the timeframe noted
based on cumulative emissions between 1995 and 2015

IPCC
Lifetime (years)  100-year GWP 2015-2100 2025-2100 2035-2100
CO* oo 120 1 1 1
o T 10 12 6.9 4.6
e 150 290 290 300 300
(o= o I 60 3,700 3,600 3,400 3,200
CFC12 ..\ 130 7,600 7,800 7,900 7,900
HCFC-22 ..o 15 1,500 1,000 620 390
HCFC-123 ..ot 16 6 0 0
HFC-134a. ...\ oo 16 1,300 860 550 350
HFC-1438 covveyee v e e eeee e e 4 2,900 2,700 2,400 2,200
HEC-1528 . . oo 17 140 1 0 0

NOTE: The 100-year GWP estimateis slightly ditferent than the IPCCIOO-yearestimatedue to slightdifferencesin modelingthelifetime of CO,. The 120 year

lifetime for CO, is approximate.

SOURCE. Of fice of Technology Assessment, 1991, using data from IPCC, 1990,

although natural sources of these gases also exist
(14,47, 74, 88, 107). U.S. emissions (see table 2-2)
are disproportionate to its 5 percent share of the
world's population; in particular, U.S. emissions of
CO,and CFCs account for about one-fifth and
one-fourth of the world's estimated totals, respec-
tively.

The warming effect of a greenhouse gas depends
on several factors, including its concentration,
radiative absorption and emission characteristics,
o i SRS Fary e il e
2-2) suggest that increased CO,accounts for about
two-thirds of the equilibrium warming ultimately
expected to result from growth in greenhouse gas
concentrations over the past century. Growth in
CH,concentrations has contributed an additional 15
percent, CFC-11 and CFC-12 together about 10
percent, and N,O about 3 percent (70).

Reducing greenhouse gas emissions can reduce
the level of equilibrium warming projected for 2030.
However, the effects of reducing different green-
house gases vary (seetable 2-3 and figure 2-4). The
IPCC has proposed a method for comparing the
warming from equal quantities of greenhouse gases.
It defines Global Warming Potential (GWP) as the
ratio of the amount of warming from a pound of a
greenhouse gas to the warming from a pound of CO,,
over a period of 20, 100, and 500 years. It prefers to
use the 100-year- timeframe for its policy analysis,

Figure 2-4—Decline in Radiative Forcing Through
Time From a Pulse of Greenhouse Gas
Emitted in 2000

Radiative forcing
o (@S a percent of year 2000 forcing)
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- Cco2 ' CH4 * HFC-152a

N20 HCFC-22 * CFC-11

The radiative forcing from each gas is considered equal to 100
percent when it is emitted in the year 2000. The graph illustrates
the decline in radiative forcing over the next 35 years as the
greenhouse gases decompose in the atmosphere.

SOURCE: Office of Technology Assessment, 1991, using data from IPCC,
1990.

which is shown in the second column of table 2-3.
However, while GWP may be a good way for
comparing the effects of different gases emitted well
into the next century-when the effects from warm-
ing are likely to be greater-it may not be the
appropriate choice for comparing the merits of
alternative near- term policy measures (i. e., with in
the 25-year timeframe of this assessment).

PCH and NS Ovinterfere with each other, so that the impact of increasing the concentration of one depends on how much the concentration of the other
saas s mereased at the same time For the other gases, interferences are insignificant when incremental increases in concentration are considered
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Figure 2-5-Carbon Dioxide Concentrations at
Mauna Loa, Hawaii

CO,(ppm)
360
35/

350;

345

340

335

(e A S L L S

330"

325}

320! |
315 '-\V [V

PR T

310 T Lot v [T
1957 1961 1965 1969 ‘1973 1977 1981 1985 1989

The solid line depicts monthly concentrations of atmospheric CO,
at Mauna Loa Observatory, Hawaii. The yearly oscillation is
explained mainly by the annual cycle of photosynthesis and
respiration of plants in the Northern Hemisphere. The increasing
concentration of atmospheric C0,at Mauna Loa since the 1950s
(dashed line) is caused primarily by the CO,inputs from fossil fuel
combustion.

SOURCE: P. Tans, National Climatic Data Center, GMCC, 1990.

Some gases decay much more rapidly than others
(see figure 2-4). For example, if we define the
radiative forcing from a pound of CO,emitted in
2000 to be equal to 100 percent, by 2010 the amount
left in the atmosphere will have radiative forcing
equal to 75 percent. Similarly, by 2025 the radiative
forcing from N,O is about 85 percent of its original
value 25 years earlier and CFC-11 is about 65
percent of its original value. But note that the shorter
lived gases, such as HFC-152a (a replacement for
CFCs) and CH,, behave differently. By 2010 HFC-
152a will have aimost completely decomposed. By
2025, the radiative forcing from CH,will be about
10 percent of the amount 25 years earlier.

The IPCC measure assumes that an increment of
warming today is equal to an increment of warming
in the future. We have constructed our own formula-
tion of GWP that we feel is more appropriate for
evaluating the near-term policies presented in this
report. Our measure focuses on the amount of
warming that would be prevented during a specified
period of concern during the 21st century, by
eliminating a pound of greenhouse gas emissions

Figure 2-6-Carbon Dioxide Concentration
(parts per million by volume)
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The history of atmospheric CO,presented here is based on ice
core and atmospheric measurements. The data show that CO,
increased slowly in the 1800s and more rapidly in the 1900s when
temperate forests were converted to agricultural land. The rapid
rise since the 1950s is due primarily to fossil fuel combustion and
tropical deforestation. The current rate of increase is unprece-
dented in the ice core records.

SOURCE: Office of Technology Assessment, 1991, from IPCC, 1990.

each year between 1995 and 2015. Because it is not
possible to pick one particular year when one might
begin to be concerned about global warming effects,
table 2-3 presents three versions of our measure,
starting at either 2015,2025, or 2035. Again note the
differences in the shorter lived gases. Methane is less
than half the IPCC's 100-year estimate and the
effects of several of the short-lived CFC substitutes
drop considerably. Thus, over the near-term,
Congress may wish to focus efforts on the longer
lived greenhouse gases—CO0,, N,0, and CFCs.

Carbon Dioxide

Along with water vapor and clouds, CO,is a
major natural greenhouse agent, without which
Earth would be uninhabitable. However, CO,con-
centrations are estimated to have increased by about
25 percent since the mid-1800s, from around 280
ppm to about 350 ppm now (see figures 2-5 and 2-6).
The continuous record of CO,concentrations meas-
ured at Mauna Loa since 1958 shows a steady
year-to-year increase superimposed on a clear sea-
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Figure 2-7—Global Carbon Emissions From
Fossil Fuel
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CO,emissions from fossil fuel combustion alone have grown from
less than 0.1 billion metric tons C in the mid-1850s to approxi-
mately 6 billion metric tons C in 1989. Emissions have more than
tripled in the last 40 years.

SOURCE: Oak Ridge National Laboratory, Carbon Dioxide Information
Analysis Center, “Trends '90 A Compendium of Data on Global
Change” (Oak Ridge, TN:1990).

sonal cycle.Most of the increase occurred in the
20th century (37, 45,80, 88) and is attributed largely
to fossil fuel consumption (see figure 2-7).

CO,concentrations in air bubbles trapped in
Antarctic ice indicate that present CO,levels are
already higher than at any time in the past 160,000
years. Past CO,concentrations ranged from roughly
200 ppm during glacial episodes to 280 ppm during
interglacial periods and were roughly correlated
with temperature (7, 37, 53). Unless steps are taken
to reduce emissions, CO,concentrations in 2030 are
projected to be about 450 ppm, up more than 60
percent from preindustrial levels and 30 percent
from 1985 levels (28, 37, 70, 98).

CO,accounted for an estimated two-thirds of the
enhanced radiative forcing that occurred from 1880
to 1980, with the share declining to about 50 percent
during the last decade as CFCs grew in importance
(29, 70). With anticipated controls on CFC emis-
sions, however, CO,'scomparative contribution is
expected to rebound in the future (98). Assuming
feedbacks amplify the direct radiative forcing effect
by afactor of 1 to 3, climate models suggest that the

Figure 2-8--U.S. Carbon Emissions From

Fossil Fuel
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U.S. emissions of carbon from fossil fuels are currently about 1.3
billion metric tons C. Emissions have doubled since the industrial
revolution.

SOURCE: 0Oak Ridge National Laboratory, Carbon Dioxide Information
Analysis Center, “Trends '90: A Compendium of Data on Global
Change” (Oak Ridge, TN: 1990).

30 percent increase in CO,concentration projected
for the period from 1985 to 2030 would add 0.45 to
1.3 ‘C to the equilibrium warming already expected
from current greenhouse gas levels (98).

Of the total (estimated) cur-rent CO,emissions
due to human activity (5.8 to 8.7 billion metric tons
of carbon), 5.2 to 6.2 billion metric tons is due to
fossil fuel burning, and 0.6 to 2.5 billion metric tons
is due to deforestation (37).19 Fossil fuel emissions
are estimated to have increased more than 50-fold
since the middle of the last century and are expected
to reach 9 to 12 hillion metric tons of carbon in 2025
without deliberate action to reduce them (98).

The United States, with less than 5 percent of the
world’s population, is responsible for almost 25
percent of fossil fuel CO,emissions, more than any
other nation (58). U.S. emissions dropped during the
two energy crises but have recently increased (see
figure 2-8). Current emissions from deforestation in
the United States are considered negligible (see ch.
7). Electricity production (for industrial, residential,
and commercial use) dominates U.S. CO,emis-
sions, followed by transportation, and then by direct

18The scasonal variation reflects winter-to-s~mer changes in photosynthesis (CO, storage) and respi ration (CO, release) inlive plants.
190thers (35, 36) estimate that deforestation could contribute Up to 2.8 billion metric tons of carbon (see ch. 7). Note that 1 billion metric tons of carbon

is equivalent to 3.7 billion metric tons of CO, (37).
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fossil fuel use in industrial and buildings applica-
tions. Oil and coal combustion each account for
roughly 40 percent of U.S. emissions, natural gas the
other 20 percent (see ch. 3).”

The United States is projected to contribute about
2 hillion metric tons of carbon in 2025, dightly more
than its current contribution in absolute terms, but a
smaller fraction of the world's total than at present
(98; also see ch. 3). China and other developing
countries, the U. S. S. R., and centrally planned Euro-
pean countries are projected to be major emittersin
2025 (98; seech. 9).

Calculating atmospheric concentrations of CO,
from anthropogenic emission levels is complicated;
annual emissions from human activity are small
compared with natural exchanges of carbon among
the atmosphere, oceans, and biosphere (see figure
2-9). These natural exchanges are substantial, yet not
very well understood (16, 37, 68). For example,
about 100 billion metric tons of carbon in the
atmosphere is stored annually in living vegetation
through the process of photosynthesis; an approxi-
mately equal amount of carbon is put back into the
atmosphere through plant respiration and decay of
dead vegetation (34). (The seasonal variation in the
Mauna Loa CO,data (see figure 2-5) is caused by the
seasonal imbalance between these processes, which
roughly even out on an annual basis.)

An estimated 90 billion metric tons of carbon is
exchanged between the oceans and the atmosphere
each year (4). Over the past 30 years, the net effect
of this exchange has been uptake and absorption by
the oceans of roughly 2 to 3 billion metric tons of
carbon from the atmosphere per year. If biosphere/
atmosphere exchanges are ignored, this means that
effectively about 45 percent of each year's CO,emis-
sions from fossil fuel combustion have been offset
by absorption by the oceans (4). However, the
fraction of fossil fuel CO,that is absorbed by the
ocean appears to be declining (46). One partial
explanation may be that the surface layer of the
ocean has warmed, and warmer water absorbs less
CQ,

Recent analyses suggest that the oceans are not
the only maor sink for CO,and that terrestrial
ecosystems may absorb alarger amount of CO,than
previously thought (91). The IPCC (37) estimated
that about 30 percent of today’s CO,emissions is

absorbed by the oceans and 23 percent by the land
biota, and that 47 percent remains in the atmosphere.
However, sequestering by the land biotais not well
understood, and the biota could become saturated at
some point in the future. In this event, the atmos-
pheric accumulation would increase even faster,
unless the oceans could somehow make up the
difference (or CO,emissions declined). Appendix
2-A discusses the idea of fertilizing areas in the
Antarctic Ocean with iron, in order to stimulate
phytoplankton productivity and increase carbon
sequestration in the ocean.

Greenhouse gas/global warming feedbacks may
affect the natural balance between CO,storage and
release. For example, some plants respond to in-
creased atmospheric CO,by storing more carbon, at
least under laboratory and horticultural greenhouse
conditions; at the same time, warmer temperatures
can speed up respiration and decay and hence
accelerate the release of CO,to the atmosphere (see
ch. 7). Some scientists hypothesize that feedback
mechanisms are already operating and that they may
explain: 1) the increase over the past three decades
in the difference between wintertime peak and
summertime low CO,concentrations (46); and 2)
the recent acceleration of annual growth in CO,
concentrations, despite leveling off of fossil fuel
emission rates (35).

Because of the long atmospheric lifetime for CO,
(50 to 200 years), the IPCC (37) estimated that
anthropogenic CO,emissions would have to be
reduced to 50 percent of their present level by the
year 2050 in order to limit the atmospheric CO,
concentration in 2050 to “only” 420 ppm (50
percent above the preindustrial level). The IPCC
(37) estimated that an immediate 60 to 80 percent
reduction in anthropogenic CO,emissions would be
necessary to stabilize atmospheric CO,concentra-
tions at 1990 levels (353 ppm).

Methane

Methane concentrations have steadily risen at
about 1 percent per year, from about 1.52 ppm in
1978 to about 1.68 ppm in 1987 (see figure 2- 10). Ice
core data show that CH,concentrations have ap-
proximately doubled over the past two centuries and
are currently higher than at any time during the past
160,000 years. Like CO,concentrations, they have

FiP€r each unit of energy produced, though, CO, emissions from coal combustion are highest, followed by oil and then natural gas.
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Figure 2-9--The Global Carbon Cycle
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SOURCE: Office of Technology Assessment, 1991.

been roughly correlated with temperature over this
period (37, 75, 89).

Per molecule, CH,is about 25 times more
effective in trapping heat than CO,(98). Increases in
CH,over preindustrial levels contributed about 15
percent of the total greenhouse gas forcing estimated
to have occurred from 1880 to 1980 (70, 71). In the
absence of steps to reduce CH,emissions, average
CH, concentrations in the year 2030 are projected to
reach about 2.5 ppm (28, 70, 71, 98). This nearly
50-percent rise above current atmospheric concen-
trations would increase expected equilibrium warm-
ing by about 0.2 to 0.5 ‘F above currently projected
levels.

Current CH,emissions are estimated to range
between 290 and 965 million metric tons per year (8,
14, 37, 98). Rice paddies and domestic animals
(mainly cattle and sheep) are thought to be the
largest sources related to human activity (see ch. 8),
although natural gas production and delivery, coal
production, and landfills also contribute substan-
tially (see table 2-4). The United States apparently

contributes about 6 percent of the CH,emissions due
to human activity, mostly from landfills, natural gas
and coal production, and domestic animals. Without
action to reduce emissions, EPA (98) projects that
annual worldwide CH,emissions will increase by
about 10 to 30 percent by 2025, with a slight decline
in the relative U.S. share. The largest increases axe
projected from landfills and production and distribu-
tion of fossil fuels; smaller increases are projected
from domestic animals and rice production.

Methane molecules emitted today will remain in
the atmosphere for an average of 10 years. Methane
removal occurs primarily via a chemical reaction
with a hydroxyl radical (OH-), which is a short-lived
fragment of awater vapor molecule (69). However,
the average lifetime of CH,molecules may be
increasing, due to reductions in hydroxyl radical
levels (69). Hydroxyl radicals can be lost due to
reactions with CH,or carbon monoxide (CO), and
emissions of both gases are thought to be increasing.
Currently, OH depletion is estimated to have an
effect equivalent to emitting a few additional million
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Figure 2-10-Atmospheric: Methane Concentration
(parts per billion by volume)
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SOURCE: Office of Technology Assessment, 1991, from IPCC, 1990

Table 2-4-Estimated Annual Global Methane
Emissions and U.S. Contribution to Man-Made Sources

Range in Us.
annual contribution
emissions (percent of
(million global
Source metric tons) number)
Natural wetlands . ............ 100-200
Termites .................... lo-100
Oceans ..................... 5-20
Freshwater................. 1-25
Methane hydrate
destabilization .. ........... 0-1lo0
Domestic animals . ........... 65-100 9
Rice paddies . ............... 60-170 1
Biomass burning ............. 20-80 <1
Coalmining . ................ 19-50
Natural gas drilling, venting 2z
transmission losses .. ....... 25-50
Landfills . ................... 20-70 37
Total ............. ... ... 290-965 6

3)ncludes both coal mining and natural gas sources.
SOURCES: R.J.Cicerone and R.S. Oremiand, 1988; D.W. Barns et al.,
1989; Intergovernmental Panel on Climate Change, 1990.

metric tons of CH,per year, but this could increase
in the future (14).

Climate change feedbacks could also potentially
increase CH,emissions levels. Warmer tempera-
tures could increase emissions from wetlands and
rice paddies, because the rate at which organic
matter is decomposed in these environments in-
creases with temperature (15). However, warming
and a drier climate could decrease emissions from
high-latitude tundra soils, as a result of lowered

water tables (109). Warmer temperatures could also
release CH,from permafrost where it is stored as
““methane-hydrates (37). With a global average
temperature increase of 5 ‘F (3 *C), as much as 100
million metric tons of CH,per year (48) to several
times this amount (76) could be released from
methane-hydrate deposits. In order to stabilize
atmospheric CH,concentrations at current levels,
the IPCC (37) estimated that an immediate 15 to 20
percent reduction in global anthropogenic CH,
emissions would be necessary.

Nitrous Oxide

Nitrous oxide concentrations apparently began to
rise rapidly in the 1940s, and increased about 0.2 to
0.3 percent per year during the mid-1980s. Current
concentrations are about 310 ppb, compared to about
285 ppb during the late 1800s (see figure 2-1 1). Ice
core measurements indicate that the preindustrial
N,O level was relatively stable at about 285*5 ppb
for at least the past 2,000 years (37). Thus, today’s
N,O atmospheric concentration appears to be with-
out historical precedent. Unless N,O emissions are
reduced, concentrations are projected to rise to
between 340 and 380 ppb by 2030 (28, 70, 71, 98).

Per molecule, the radiative forcing effect of N20O
is about 200 times greater than that of CO,(98). The
almost 10 percent increase in N,O concentration that
has occurred over the past century contributed about
2.5 percent of the total greenhouse gas forcing
during that period (70, 71). Adding 35 ppb to the
atmospheric N,O burden by 2030 would increase the

projected equilibrium warming by about 0.1 to 0.2
*F (().()55 to 0.1I°C).

N,O emissions levels are extremely uncertain;
EPA (98) estimated the total to be 11 to 17 million
metric tons per year, primarily from microbial soil
vitrification and denitrification. Several kinds of
human activity also result in N,O emissions. Both
the use of nitrogenous fertilizers for agriculture (ch.
8) and microbial activity in groundwater aquifers
contaminated by nitrogenous compounds are sources
associated with human activity (79). N,O is also
produced during fossil fuel combustion, although
the magnitude of emissions from this source is
highly uncertain (65). Biomass burning releases
N,O aswell, but clearing of primary tropical forests
could lower subsequent N,O emissions if the soils
then emit N,O at a slower rate (77). In fact,
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Figure 2-1 |—Atmospheric Nitrous Oxide
concentration (parts per billion by volume)
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SOURCE: Office of Technology Assessment, 1991, from IPCC, 1990.

emissions from fossil fuel and biomass combustion
appear to be considerably less than once thought.

The IPCC (37) concluded that N,O emissions of
10 to 17.5 million metric tons N per year are needed
to account for the observed increase in atmospheric
N,O concentration. Yet the IPCC could identify only
4.4 to 10.5 million metric tons N per year from
known sources (see table 2-5). The IPCC (37)
concluded that the data suggest the likelihood of
unaccounted for or underestimated sources of N,O.
Despite uncertainties as to what these are, the IPCC
concluded that “the observed increase in N,O
concentrations is caused by human activities.

N,0 has an atmospheric lifetime of about 150
year; (37, 117). It is destroyed via reactions that
occur in the stratosphere (70, 71) and possibly via
removal by soils (37). The IPCC (37) estimates that
to stabilize N,O concentrations at current levels, an
immediate 70 to 80 percent reduction in anthro-
pogenic N,O emissions would be needed.

Chlorofluorocarbons and Halons

Chlorofluorocarbons (CFCs) and halons are long-
lived synthetic chemicals containing chlorine, fluo-
rine (and in the case of halons, bromine), and carbon.
They are released to the atmosphere from many
sources: venting during servicing of appliances such
as refrigerators or air-conditioners; leaks from such
appliances (while in use or after disposal); produc-
tion of ‘open-cell’ foams; deterioration of ‘closed-

Table 2-5—Estimated Sources and Sinks of
Nitrous Oxide

Annual emissions
(million metric tons

Source/sinks per year)
Sources:
Coal and oil combustion.......... 0.10-0.3
Biomass burning . ............... 0.02-0.2
Fertilized croplands .. ............ 0.01 -2.2
Forestsoils .................... 2.9-5.2
Oceans .......ov i 1.4-2.6
Total ......... ... L 4.4-10.5
Sinks:
Removal by soils . ............... No estimate
Photolysis in the stratosphere . . . .. 7-13
Atmospheric increase . ........... 3-4.5
Total ....... ... 10-17.5

SOURCE: Intergovernmental Panel on Climate Change, Scientific Assess-
mentof Climate Change, Summary and Report, World Meteoro-
logical Organization/U.N. Environment Program (Cambridge,
MA: Cambridge University Press, 1990).

cell’ foams; and during use as aerosol propellants,
solvents, and fire extinguishers. Emissions could be
avoided from many of these applications, for exam-
ple, through recapture and recycling or through
incineration rather than disposal. Such measures are
seldom taken.

CFCs and halons were first introduced in the
1930s, and worldwide production increased steadily
until the mid- 1970s (seetable 2-6 and figures 2-12
and 2-13), when the use of CFCs in nonessential
aerosols was banned in the United States and a few
other counties. Largely because of this ban, which
was enacted in response to concerns about the
destruction of stratospheric ozone, growth rates in
atmospheric concentrations of CFCs have slowed,
from an average of about 10 percent per year
(between 1975 and 1985) to about 4 percent per year
now. Atmospheric concentrations of the most widely
used CFCs (CFC-11 and CFC-12) were 230 and 400
ppt, respectively in 1986, and 280 and 484 ppt in
1990 (37).

Outside the United States, however, both CFC- 11
and CFC-12 are still commonly used in aerosol
sprays. CFC- 11 use in the United States is domi-
nated by production of synthetic rigid foams for
cushioning and insulation, while the largest use of
CFC- 12 is for motor vehicle air-conditioning.

CFCs and halons have extremely long lifetimes,
typically on the order of 65 to over 100 years (see
table 2-6), before they are eventually destroyed in



Table 2-6--Chlorinated and Brominated Compounds

Atmospheric Annual Ozone Global Atmospheric Worldwide * U. S., share’

concentration growth depletion warming lifetime use in 1985 of use
Compound Formula (ppb)* rate (%)’ potential (ODP)’potential (GWP)° (years)® (billion grams) (percent)
CFC-11..... ... ... .. .... CFC-11 0.28 4 1 1.0 60 340 22
CFC-12. ... ... CFC-12 0.48 4 09-1.0 2.8-34 130 440 30
CFC-113 ... ... o CFC-113 0.06 10 0.8-0.9 1.3-14 90 160 45
HCFC-22,................ HCFF-22 0.12 7 0.04-0.06 0.32-0.37 15 206 N AT
Carbon tetrachloride ..., .,. CCI, 0.15 2 1.0-1.2 0.34-0.35 50 1,030 27
Methyl chloroform , . .. ... .. CH.CCI, 0.16 4 0.10-0.16 0.026-0.033 7 540 50
Halon-1211.............. CF,CIBr 0.002 12 2.2-3.0 N A° 25 11 25
Halon-1301 . . . ... ........ CF,Br 0.002 15 7.8-13.2 NA 110 11 50

Intergovernmental Panel on Climate Change, Scientific Assessment of Climate Change, Summary and Report, World Meteoroiogical Organization/U.N. Environment Program (Cambridge, MA:
Cambridge University Press, 1990).

PNASA, Present State of Knowledge of the Upper Atmosphere 1990 An Assessment Report (Washington, DC: 1990). Ozone depletion potential and global warming potential per unit mass emitted,
relative to that of CFC-11.

‘NA = not available.
dJ K. Hammitt et. al., Product Uses and Market Trends for Potential Ozone-depleting Substances, 1985-2000 (Santa Monica, CA:RAND Corp.,May 1986); data for HCFC-22 for 1984, from U.S.

Environmental Protectlon Agency, Office of Policy Planning and Evaluation, Poficy Options for Stabilizing Global Climate, Draft Report to Congress (Washington, DC: February 1989).
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Figure 2-1 2—Concentration of CFC-11 in the Figure 2-14—0Ozone Depletion Potential and Global
Atmosphere (parts per billion by volume) Warming Potential of CFCs and Replacement
Compounds (HFCs and HCFCs)
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Note that there is a strong correlation between ozone depletion
effect and global warming potential; this relates to the lifetime of
the compound in the atmosphere. Those with few chlorine and/or
bromine atoms decompose more quickly (therefore causing less
environmental damage) than fully chlorinated or brominated
compounds.

SOURCE: Intergovernmental Panel on Climate Change, 1990; and Office

of Technology Assessment, 1991.

Figure 2-13—Estimated CMA Reporting Country and U.S. Use of CFC-11 and CFC-12, by Product
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SOURCE:J K. Hammitt et al Product Uses and Market Trends for Potential Ozone~deplsting Substances, 1985-2000 (Santa Monica, CA: RAND Corp.,
May 1986).
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the stratospheric reactions that also deplete strato-
spheric ozone (see box 2-B). Evidence regarding
ozone destruction mounted steadily in the 1980s (see
box 2-B). In response, 47 countries negotiated the
Montreal Protocol on Substances that Deplete the
Ozone Layer, which was signed in September 1987
and strengthened in 1990 (see box 2-C).

The radiative forcing effect of CFCs is on the
order of 10,000 times greater, per molecule, than that
of CO*(70). CFC-11 and CFC- 12 contributed about
9 percent of the total radiative forcing increase that
occurred over the last hundred years (70). Recently,
however, their contribution has been much higher—
approximately 25 percent over the last decade (30).
Based on EPA projections conducted before the
Montreal Protocol was strengthened in 1990, the
added contribution of CFCs from the late 1980s
through 2030 was projected to be an equilibrium
warming increment of about 0.2t0 0.5 ‘F (0.1 t0 0.3
°C) (98). Other chlorinated and brominated com-

pounds have had less impact to date because their
concentrations in the atmosphere are low, but
mol ecul e-for-molecule they can contribute as much
to ozone depletion and global warming as CFC-11
and CFC- 12. Concentrations of some of these
compounds are growing rapidly (see table 2-6).

The hydrofluorocarbons (HFCs) and hydrochlo-
rofluorocarbons (HCFCs) being considered as CFC
replacements have shorter atmospheric lifetimes,
generally 1 to 40 years for HFCs and HCFCs,
compared to 65 to 130 years for CFCs (37) (see
figure 2-14 and table 2-6). Thus, a rapid phaseout of
CFCs coupled with aggressive substitution of HFCs
and HCFCs (especially those with the shortest
atmospheric lifetimes) would be expected to signifi-
cantly lower net atmospheric concentrations of
radiatively active gases, with a commensurate re-
duction in ozone depletion and global warming
potential (37).

Photo credit: A, Kovacs

Carbon dioxide trapped in air bubbles in Antarctic ice indicates that present CQ,concentrations are higher than at any time in the
past 160,000 years. Ice core data also show that CH,concentrations have approximately doubled over the past two centuries;
measurements for N,0 suggest that atmospheric concentrations remained stable for 2,000 years and started to climb
during the industrial revolution.
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Box 2-B—Stratospheric Ozone Depletion

Stratospheric ozone (0,) Shields the Earth from solar radiation in the biologically harmful range of ultraviolet
wavelengths known as W-B (the wavelength band extending from about 280 to 320 rim). In humans, the harmful
effects of exposure to W-B radiation include sunburn; premature aging of the skin; nonmelanoma skin cancer;
occular disorders, including cataracts, and suppression of immune system responses. Though uncertain, malignant
melanoma skin cancer may also be linked to W-B exposure. Excessive W-B exposure can also damage plants
and animals in terrestrial and aguatic ecosystems.

Ninety percent of the protective ozone is contained in the stratosphere.' The natural balance of stratospheric
ozone is maintained through a continuous cycle of production and destruction involving solar radiation, molecular
oxygen (02), and naturally produced molecules containing hydrogen, nitrogen, chlorine, and bromine atoms. crcs,
halons, methyl chloroform, and carbon tetrachloride-all of which are synthetically produced chlorinated or
brominated compounds-an severely alter this balance by speeding up ozone destruction. Because they are
catalysts (i.e., they are not destroyed by the reactions in which they participate), one chlorine or bromine molecule
can destroy thousands of molecules of ozone.’

The amount of UV-B radiation that reaches Earth’s surface depends on season, time of day, latitude, and
atitude. At present, on a clear day at the equator, only about 30 percent of the UV-B that enters Earth’'s atmosphere
reaches its surface. Fractions as low as 10 percent reach the surface at higher latitudes or when clouds are present.
However, for each |-percent reduction in ozone concentrations, the penetration of biologically active UV-B is
predicted to increase by roughly 2 percent. In turn, the Environmental Protection Agency (33) estimates that with
a 2-percent increase in W-B radiation, the incidence of nonmelanoma skin cancer in the United States would
increase by about 2 to 6 percent over the current rate of roughly 400,000 new cases per year; and that the incidence
of malignant melanoma in the United States would increase by 1 to 2 percent over the current rate of about 26,000
new cases and 6,000 fatalities per year.’

In October 1987, the amount of ozone over Antarcticafell to the lowest levels ever observed. Averaged over
100 latitude bands extending south from 60°, 70°, and 80°S, respectively, total column ozone (i.e., the amount of
ozone directly overhead at a given site) had dropped by 24,40, and 50 percent compared to October 1979. At some
locations and heights, the depletion reached 95 percent. observational evidence very strongly suggests that chemical
mechanisms involving chlorine from human-made sources are the primary cause of this rapid decline (106). In
particular, chlorine and bromine released from CFCs and halons are primed for ozone destruction by chemical
interactions with cloud particles. With the extremely cold temperatures of the Antarctic winter, clouds form readily
in the polar stratosphere. The greatest ozone depletion occurs during the austral spring, when the air above the
Antarctic is chemically primed and isolated from air at lower latitudes, and sunlight is available to participate in
ozone-destroying reactions. More normal ozone levels were observed in 1988, indicating that meteorological
conditions have to be “right” for severe ozone depletion to occur. The Antarctic ozone hole appeared in both 1989
and 1990, the first time such depletion was observed in two consecutive years. The 1990 hole was nearly as severe
as the record levels found in 1987 and persisted longer.

Observations in the Arctic in December 1988 and February 1989 indicated that Arctic stratospheric ozone also
had fallen, although on a much smaller scale than in the Antarctic. Observers found increased amounts of potential
ozone-destroying compounds (C10 and OC10), suggesting that the potential exists for significant destruction of
ozonein the Arctic (106).

IThe Stratosphere is the region of the atmosphere that extends from about 8 to 17 km (depending on | atitude) and up t0 about 50 kn above
the Earth's surface. The remaining 10 percent of the ozone is found in the troposphere, the region of the atmosphere extending from Earth's
surface up to the base of the stratosphere.

2The * ‘greenhouse’’ gases CO,, CH,, and N,O also affect stratospheric ozone. Increasing CO, or CH, would tend to increase rather than
reduce stratospheric o‘ione.gco2 cools thé stratosphere, which generally slows the rates of 0z0né-lestrdying reactions. CH, helps tie-up chlorine
in “inactive’ molecules that do not react with ozone. Increasing N,0 can either increase Or reduce StratoSpheric ozose, depending on the relative
amounts of chlorine and nitrogen oxides present.

3people with light skin, red or biond hair, and blue or green eyes are most SUS)eptl ble t« devel Opl NQ nonmelanoma skin cancer.
2 percent mortality rate is associated with the disease.

Alxo

(Continued on next page)
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Box 2-B—Statospheric Ozone Depletion-Continued

Measurements of total column ozone show that ozone has declined at mid-latitudes in the Northern
Hemisphere, with the reduction being especially pronounced in winter (see figure 2B-1). While computer models
of stratospheric ozone have predicted an ozone decrease due to CFC emissions, the observed wintertime depletion
is up to three times greater than has been predicted (106). The IPCC (37) concluded that, after allowing for natural
variahility, the Northern Hemisphere (300 to 64° N latitude) mean winter ozone level decreased by about 3.4 to 5.1
percent between 1%9 and 1988 (with no statistically significant trends during the summer).

The compounds implicated in stratospheric ozone depletion have two characteristics. they contain chlorine or
bromine, and they are not broken down before they reach the stratosphere. Table 2-6 presents estimates of the
“‘o0zone depletion potential” (ODP) per molecule, relative to that of CFC-11, of eight widely used compounds. ODP
depends on the number of chlorine or bromine atoms in the molecule, its atmospheric lifetime (i.e., how long it takes
before it is broken down or removed from the atmosphere), and the mechanisms involved in breaking it down. The
compounds of greatest concern are extremely long-lived, with lifetimes on the order of 100 years, and are only
broken down by reaction with intense solar radiation in the stratosphere. Thus, even though the Montreal Protocol
has been strengthened to accelerate elimination of long-lived CFCs (see box 2-C), it will take a century for prior
emissions to dissipate from the atmosphere.

Figure 2B-1—Estimated Percentage Changes in Total Column Ozone at Northern Mid-L atitudes, 1969-66
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SOURCE: R.T. Watson et al., Present State of Knowledge of the Upper Atmosphere 1988: An Assessment Report (Washington, DC: National
Aeronautics and Space Administration, 19SS), figure supplied byF.S. Rowland, 1990.
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Box 2-C—The Montreal Protocol on CFCs

In response to growing international concern about the role of chlorofluorocarbons (CFCs) in destroying
stratospheric ozone, 47 nations reached agreement on a set of CFC control measures in September 1987. Entitled
the Montreal Protocol on Substances that Deplete the Ozone Layer, the control measures laid out a schedule of
production and consumption reductions for many CFCs (95). Nations with high CFC use, such as the United States,
were to reduce production and consumption of certain CFCs and halons to 50 percent of 1986 levels by 1998.' Those
developing nations with low per-capita use were allowed to increase their use through 1999 and then were to cut
back to 50 percent of 1995-97 levels over the following 10 years.

While the agreement represented a milestone in international environmental cooperation, many observers felt
that the scope and time frame of the reduction schedule was insufficient to protect the ozone layer from further
damage. For example, EPA estimated that even under the best participation scenario, future concentrations of CFCs
11 and 12 would double and triple, respectively, by 2030 without additional action (see figure 2C-1) (98). OTA
concluded that the uncertainties of the agreement were such that under the most optimistic conditions the
consumption of CFCs 11 and 12 could range from a 20-percent increaseto a 45-percent decreasefrom 1986 levels
(95). Finally, IPCC (37) has estimated that “[t]o stabilize, and then reduce, the current atmospheric concentrations
of the fully halogenated CFCs (e.g., 11, 12, and 113) would require approximate reductions in emissions of 70 to
75 percent, 75 to 85 percent, and 85 to 95 percent, respectively. ”

1Substances controlled under Annex A are: CFCs -11, -12,-113, —114,—115 and halons 1211, 1301, 2402.
(Continued on next page)

Figure 2C-1—Atmospheric Concentrations of Chlorocarbon Molecules
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Box 2-C—The Montreal Protocol on CFCs-Continued

With these concerns in mind, delegates met in June 1990 to finalize a significantly stronger version of the
Montreal Protocol (2, 93, 94). The new agreement regulates 10 additional CFCs and requires participating countries
with high use per capita (greater than 0.3 kilograms) to reduce production and consumption by 20 percent of 1986
levels in the next 3 years, achieve a So-percent reduction by 1997, and a 100-percent phaseout by the year 2000.”
Halon production and consumption are to be frozen at 1986 levels by 1992 and steadily phased out by 2000, except
for certain “essential uses,” to be determined. Methyl chloroform (an industrial solvent that destroys stratospheric
ozone) and carbon tetrachloride have been included in the Protocol for the first time; they will be phased out by 2000
and 2005, respectively. Parties to the Protocol are also required to declare their intent to phase out
hydrochlorofluo rocarbons (HCFCs), which are less damaging, shorter lived substitutes for CFCs, no later than
2040.

Countries with low per-capita consumption of CFCs (i.e., developing nations) are given a lo-year grace period
on all 1990 Montreal Protocol deadlines to allow them to meet their “basic domestic needs’ (i.e., they are not to
build up an export industry, but may produce CFCs for internal consumption). Such countries will also be assisted
in their transition to CFC substitutes by a Multilateral Fund, financed by industrialized nations and designed to
facilitate technology transfer and ease the financial burden of compliance with the control measures. Thisfired is
meant to encourage key nations such as China and India to join the 65 signatories to the agreement.’For the first
3 years the fund is expected to total $160 million, but it could increase to $240 million if China and India decide
to participate (94).' Their cooperation is considered vital if the Montreal Protocol is to achieve its long-term
objectives of stabilizing global CFC emissions and alowing the stratospheric ozone layer to fully recover.

Trade with nonparties (those nations which have not signed or acceded to the agreement) is also restricted by
the Protocol. Imports from and exports to nonparties of controlled substances is prohibited as of January 1990, and
alist of products containing such substances is to be developed and their import banned by 1993. The feasihility
of listing and banning products produced with CFCs and halons (e.g., computer chips) will be under consideration
until 1994.5

In the new Clean Air Act Amendments, the U.S. Congress included provisions to control ozone-depleting
substances that are slightly more stringent than those in the revised Montreal Protocol. First, the reduction schedule
calls for specific reductions in each year until production ends. Second methyl chloroform is to be phased out 3
years earlier than required by the international agreement (i.e., by 2002 instead of 2005). Finally, a reduction
scheduleislaid out for HCFCs, with a freeze in 2015 and production prohibited in 2030 (10 years earlier than the
Montreal Protocol’s suggested but not binding deadling). Congress has also authorized $30 million over the next
3 years to support the Multilateral Fund; the amount will be raised to $60 million if India and China officialy join.
The House so far has appropriated $10 million for fiscal year 1991. Public Law 101-513 (Sec. 534) states that “not
less than $10 million” of the funds appropriated to fund the Foreign Assistance Act shall be used to fund activities
related to the Montreal Protocol.

2Substances controlled under Annex B are: CFCs -13,-111,-112,-211,-212, -213,-214,-215,-216, -217, carbon tetrachloride, and
1,1,1 -trichloroethane (Methyl chloroform).

3Current partiesinclude the U.S.S.R., Polar@ Hungary, and Germany, aswell aslarge devel oping nations such asArgeatina, Bangladesh,
Brgzlil,dggypt, Indonesia, Mexico, and the Philippines. Notably abseat, as 0f D ecember 1990, are Turkey (the only OBCD non-signatory), China,
and India

“These totals are based on estimates extrapolated from case studies conducted by EPA and agreed on by the conferees. On the basis of
the United Nations assessmentscale, the United States would be responsible for a quarter of the voluntary contribution(rJ. Smith, U.S.
Department Of State, personal cormunication, Aug. 23, 1990).

5This time schedule is for Annex A substances only (see footnote 1). Trade restrictions on Annex B substances will be implemented
according to aslower schedule (generally a 2-year 1ag) to accommodate their recent inclusion and relatively rare use.
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APPENDIX 2-A: FERTILIZING THE
OCEANS WITH IRON

The idea of “fertilizing” some Antarctic oceanic areas
with iron to increase phytoplankton productivity and CO,
uptake has recently attracted scientific and popular
attention. The purpose of such an undertaking would be
to offset anthropogenic emissions of carbon into the
atmosphere. * Some opponents view this idea as an
untested but tempting “tech-fro” that might delay
policies to reduce fossil fuel use in industrialized coun-
tries (e.g., 4, 5). Proponents contend that ocean fertiliza-
tion experiments to address emission offsets should begin
now (3), because global carbon emissions might increase
even if greenhouse policies are enacted.

Phytoplankton and Nutrients

The relationship between phytoplankton and the avail-
ability of such nutrients as iron, nitrogen, and phosphate
isthe key to the fertilization hypothesis.’Nearshore
Antarctic waters, for example, tend to have relatively high
concentrations of dissolved iron (apparently from upwell -
ing of iron-rich sediments from the shallow bottom), as
well as nitrogen and phosphorus, so high phytoplankton
productivity is both possible and common (7, 10). In turn,
this supports an enormous amount of marine life,
including krill, whales, seals, and penguins.

In contrast, many offshore ocean waters lack sufficient
nutrients to sustain high productivity. However, some
offshore waters—notably in the Antarctic and Gulf of
Alaska-while low in iron, have relatively high concen-
trations of nitrogen and phosphorus. But, they still exhibit
low productivity. Martin et al. (8) conducted some
short-term laboratory bottle experiments using water
collected from the Gulf of Alaska and concluded that lack
of iron was limiting phytoplankton growth, Martin et al.
(10) also hypothesized that low levels of iron in offshore
Antarctic waters prevent phytoplankton from using more
than a small portion of available nutrients,

Fertilizing the Antarctic—The Proposal
and the Uncertainties

Hence the idea to stimulate phytoplankton growth in
offshore Antarctic waters by slowly releasing iron and
“fertilizing’ the water. In theory, this could allow
phytoplankton to use a greater share of other nutrients,
and permit both phytoplankton populations and carbon
uptake from the water to increase substantially.

However, uncertainties about the effects of a large-
scale operational program exist from many perspectives.
For example:

- Experimental--Is iron realy the limiting factor? The
data demonstrating iron limitation are from small,
short-term laboratory experiments from one region
and may not be generalizable (2, but see 9). Whether
other factors might limit productivity over large
areas even when sufficient iron is available is
unknown. Increasing the scale from small lab studies
to large field studies also poses problems, not least
of which is conducting well-designed “ control’
experiments. And, even if iron is the limiting factor,
arecent National Research Council (NRC) work-
shop noted the uncertainties in estimating how much
iron might be needed and how much carbon would
be taken up in a large-scale operation (1, also see 5a,
1a).’

- Practical-Can the iron be made available? Since
iron is not readily soluble, one constraint is a
mechanism for retaining iron in a biologically
available form and for keeping it on or near
frequently rough surface waters long enough to be
used by phytoplankton (hours to several days).
Another constraint could be economics (e.g., costs of
iron and of transporting it to appropriate areas) (1).

- Environmental-What changes might occur in the
ecosystem? Whether iron might preferentialy en-
hance growth of some phytoplankton species over
others and/or change the composition of existing
marine food chains is unknown. Little is known
about ecological relationships among phytoplankton
populations, Some participants at the NRC work-
shop noted that the effect of rapidly increasing
phytoplankton populations on organisms such as
krill, a major component of antarctic food chains,
cannot be predicted at thistime (1, 4).

- Geochemical--Will carbon be sequester in suffi-
cient amounts for sufficient periods? Removal of
large amounts of carbon for decades to centuries
would be desirable. A recent study (1 la; also see 5a),
however, points out that Antarctic surface waters
have a limited capacity to take up atmospheric CO,
and that sequestration of carbon in deeper portions of
the Antarctic depends on the rate at which surface
and deeper waters mix (i.e., the rate of vertical
mixing). It concludes that this rate is too dow to have
a significant effect on atmospheric CO,concentra-
tions. In addition, whether carbonaceous compounds

IPhytoplankion IC short-lived, microscopic marine plants that use o, during photosynthesis. Their remains, which retain some of the carbon, can

fall to the ocean’ s bottom, thus serving asa* ‘sink” for carbon.

ZPhytoplankton live near the ocean’s surface, where conditions are conducive to photosynthesis (e.g., proper temperate, sufficient light, CO,
dissolved in the water, and nutrients, which often control their rate of growth).

3The workshop was held in October 1990 in h-vine, California. Two NRC committees (the Committee on Global Change and the Panel on Policy
Implications of Global Warming) have been involved during the past year or so in examining the idea, but the NRC has not yet released any public reports.
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will accumulate on the ocean floor and serve asa
long-term carbon “sink” depends in part on the
concentration of dissolved CO,in the water column
(11 ). Moreover, if upwelling brings other nutrients to
the surface, it might also bring up carbon-rich
sediments and release CO,back to the atmosphere,

Policy Implications

Marine phytoplankton form the basis of most oceanic
food chains, from which much of the world's commercia
fisheries are derived. Fertilizing the oceans to increase
carbon storage might be justified if it was relatively
certain that only ‘‘ minimal environmental impacts
would occur. But uncertainties about the probability and
magnitude of potential impacts are great. The cost-
effectiveness of large-scde fertilization is unknown,
because widely accepted estimates of its effects on CO,
uptake (and on marine ecosystems) and of its implementa-
tion costs are not available today.

Participants at the NRC workshop suggested that a
* ‘transient iron experiment,’” with a suggested area of
about 400 sguare kilometers, be under-taken to gather
morc informatation and data on the iron 1 imitation hypothe-
sis. They did not envision detrimental environmental
impacts from such an experiment but noted that the
impacts of a large-scale treatment cannot be evaluated at
this time given our current lack of knowledge ( 12). The
American Society of Limnology and Oceanography is
planning a symposiurn in early 1991 to focus on the issue
of what controls phytoplankton production in nutrient-
rich areas of the open ocean.

Field studies of a few years duration would probably
yield useful information about the effects of iron enrich-
ment on the short-term] productivity of phytoplankton In
otherwise nutrient-rich waters: this would be an appropri- -
ate topic for biological and oceanographic research.
[Linger studies would probably be needed to ascertain
longer-term impacts on phytoplankton and marine eco-
systems in general. The relative utility of a large operation

at that time would depend in part on how successfully we
develop energy-efficient and renewable energy technolo-
gies and practices and better land use management
practices-choices that clearly can be implemented today
(see ch. 1).
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Chapter 3
Energy Supply

INTRODUCTION

This chapter examines carbon dioxide and meth-
ane emissions from world and U.S. energy produc-
tion and distribution and looks at technical alterna-
tives for reducing those emissions during the next 25
years.

At the broadest level, four options exist for
reducing carbon dioxide (CO,) emissions in the
energy supply sector:

- switch from high-carbon sources (i.e., coal) to
low-carbon sources (i.e., natural gas);

. switch from carbon-based fuels to noncarbon-
based fuels;

convert fossil fuels to usable heat and electric-
ity more efficiently; and

- remove carbon from fossil fuels before the fuel
is burned, or capture CO,from combustion
exhaust gas for deep-well or ocean disposal.

This chapter focuses on the first three approaches;
we do not consider the fourth a near-term, proven
technical option, though it is certainly worthy of
further research and development effort.

Primary energy sources include nonrenewable
fossil fuels (coal, petroleum, natural gas), nuclear
power, potentially renewable biomass, and renewa-
ble such as solar, geothermal, and hydropower.
Electricity is a secondary energy source produced
from the primary energy sources. From the stand-
point of greenhouse gas emissions, primary sources
can be divided into two categories--carbon-bearing
(coal, ail, gas, biomass) and carbon-free (wind,
solar, hydropower, geothermal, nuclear).

The four carbon-bearing fuels are discussed in
terms of their impact on global warming; their
availability (location, production, and consump-
tion); and the technical alternatives and policy
options that exist for reducing CO,and methane
emissions during their production and transport. We
also discuss carbon-free energy sources and their
potential for substituting for fossil fuels; the conver-
sion of carbon and noncarbon energy sources into

electricity; and key issues associated with imple-
menting or changing technologies.

Assuming current trends and regulations, U.S.
carbon emissions from electricity generation might
double by 2015, as compared to 1987 levels. We
estimate that stringent measures to lower the de-
mand for electricity (discussed in chs. 4 through 6)
have the potential to lower emissions to 10 percent
below 1987 levels by 2015. Further measures
applied to utilities—in particular, increased use of
natural gas and nonfossil sources-have the poten-
tial to lower emissions further, to about 50 percent
below 1987 emissions by 2015.

However, it will be increasingly difficult to hold
emissions at this low level past the 25-year time
horizon of this assessment. Ultimately demand for
electricity will begin to rise again. Moreover, much
of the potential for lowering emissions comes from
switching from coal to natural gas, which will
become increasingly difficult to obtain in quantities
sufficient to meet the increasing demand. If emis-
sions are to remain low, intensive research, develop-
ment, and demonstration activities will be needed so
that abundant and acceptable nonfossil sources of
energy will be available by 2015.

Fuels and Their Carbon Emissions

Total world energy consumption in 1988 was
between 350 and 400 quadrillion Btu's (quads).
Fossil fuels provided 78 percent of energy consumed
(35 percent from oil, 25 percent from coal, 18
percent from natural gas), biomass roughly 13
percent, and noncarbon emitting sources (mainly
hydropower and nuclear) the remainder (see figure
3-1). In the United States, the percentages are 87
(fossil fuels), 3 (biomass), and 10 (noncarbon),
respectively. Total U.S. energy consumption in 1989
was about 84 quads, with oil accounting for 40
percent, coal and gas about 23 percent each, nuclear
power 7 percent, and hydropower and biomass about
3 percent each."Table 3-1 shows commercia fuel
consumption in 1988 by region, country, and fuel.

1Data for 1988 energy consumption i$ from Energy Information Administration (80), The 2 § quads of biomass fuels is an estimate for1987.
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Figure 3-I—World and U.S. Energy Consumption, By Fuel, 1988-89

Percent of total consumption Percent of total consumption
50% 50% 7
Electricity N utilities
40% 40% | DN
I Direct use _1 Transport
EZ Industrial
30% 30%
I Buildings
20% 20%
10% - 10%
T .
0% i os - I &m
Qil Coal Gas Nuclear Hydro Biomass Oil oil Coal Gas Nuclear Hydro Biomass
1989 total « 385 quadrillion Btu 1989 total = 84 quadrillion Btu

SOURCES: U.S. Department of Energy, /nternational Energy Annual, 1988, DOE/EIA-0219(88) (Washington, DC: Energy Information Administration,
November 1989) and U.S. Department of Energy, Annual Energy Review, 1989, DOE/EIA-0384(89) (Washington, DC: Energy Information
Administration, May 1990).

Table 3-—Commercial Fuel Consumption in 1988 (quads) by Region, Selected Countries, and Fuel Type

Region/country _ Qil Natural gas Coal Hydroelectric Nuclear Total
OECDTotal . .................... 74.64 32.08 35.07 11.81 15.13 168.73
(44.20/.) (19.0%) (20.80/0) (7.0%0) (9.0%)
AUSEHA . .o 0.45 0.17 0.16 031 —b >1.09
Denmark ................. ... ... 0.43 — 0.29 — — >0.72
France........ ... .. ... ... ... ... 3.69 1.01 0.74 0.73 2.24 8.41
Japan . ... 9.61 1.68 2.90 0.90 1.75 16.83
Sweden.......... ... L 0.78 - - 0.71 0.65 >2.27
United States. . .................. 34.21 18.49 18.84 2.64 5.68 79.86
WestGermany .................. 5.01 2.01 3.51 0.39 1.46 12.39
U.S.S.R./Eastern Europe-Total . . .. .. 22.77 25.25 25.52 2.62 2.95 79.11
(28.8%) (31 .9%) (32.30/.) (3.3%) (3.7%)
USSR, ... 18.82 21.78 14.00 2.27 2.26 59.13
Bulgaria. .............. ... ... ... 0.60 0.21 0.52 - 0.13 >1.46
Czechoslovakia................. 0.69 0.39 1.88 0.07 0.23 3.26
EastGermany .................. 0.72 0.39 2.76 - 0.11 >4.00
Hungary ........ ... .. ... ... 0.43 0.41 0.19 - 0.13 >1.16
Poland, ........... ... ... ... ... 0.72 0.47 5.28 0.04 - >6.57
Romania....................... 0.73 1.59 0.85 0.12 - >3.30
Developing—Total“. . ............... 34.50 10.07 32.35 6.62 0.82 84.36
(40.9%) (11 .9%) (38.3%) (7.8%) (1.0%)
China............... .. .. ..... 4.54 0.54 19.51 1.08 0 25.67
India........ ... ... L 2.24 0.26 3.83 0.63 0.07 7.04
Other Asia and Oceania.......... 7.02 1.84 3.59 0.93 0.69 14.07
Brazil ......... ... ... .. .. ... 2.74 - 0.41 1.96 <0.01 5.23
Other Latin America............. 7.90 2.82 0.45 1.48 0.06 12.71
MiddleEast .. ................... 6.11 3.23 0.12 0.09 0 9.56
Africa. . ... 3.96 1.38 3.46 0.45 0.11 9.37
Total . ... 132.22 67.64 92.97 2131 19.06 333.21
(39.7%) (20.3%) (27.9%) (6.40/0) (5.7%)

a0Organization for Economic Cooperation and Development.
b_means included in “Other” category in U.S. Department of Energy (1989) database.

®Excluding U.S.S.R. and Eastern Europe.
SOURCE: U.S. Department of Energy (1989),
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Figure 3-2—World and U.S. Carbon Emissions From Energy Use, By Fuel, 1988-89
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SOURCE: Office of Technology Assessment, 1991, calculated using data from U.S. Department of Energy, International EnergyAnnua/(19S8) and Annual

Energy Review (1989).

About two-thirds of the total world energy was
used directly to fuel end uses; for example, gasoline
is used to run cars and natural gas to heat homes.
One-third of the energy was used to generate
electricity, Oil dominates direct uses; coal domi-
nates electricity generation.

U.S. energy consumption mirrors the world pat-
tern: about two-thirds of the energy was used
directly in end uses (60 percent of that was provided
by oil), and one-third to generate electricity. Well
over haf the electricity in the United States is
generated from coal.

Carbon dioxide emissions from fossil and bio-
mass fuels are estimated to be responsible for half
the greenhouse warming that occurred during the
1980s (83). Coal and wood contain the highest
concentration of carbon per unit energy--com-
monly about 55 to 60 pounds of carbon per million
Btu (Ibs C/mmBtu). Natural gas has the lowest
concentrations (32 Ibs C/mmBtu) and petroleum is
intermediate (45 Ibs C/mmBtu),

World CO,emissions from energy use total about
6.3 billion metric tons of carbon per year.”Of that,
about 6.0 billion metric tons derive from fossil fuels
either burned directly for end uses or to generate
electricity. Included in this estimate are the rela-
tively small but significant emissions of CO,associ-
atcd with making carbon-bearing fuels available to

consumers, primarily during fuel processing (e.g., to
refine petroleum).

Oil accounts for about 42 percent of carbon
emissions, coal follows closely with 38 percent,
natural gas emits about 15 percent, and biomass
between a few and 10 percent (see figure 3-2). The
range of estimates for biomass emissions is wide
because it is not known how much of biomass fuel
burned in developing countries is harvested on a
sustainable basis (see ch. 7). Although actual burn-
ing of such fuels releases 1.1 billion tons of carbon
per year, we estimate that net emissions from
biomass fuels are about 0.3 hillion tons per year.
This estimate assumes that about half of the wood
used for fuel is not being regrown on a sustainable
basis. Figure 3-3 shows emissions from fossil fuel
only, by region.

U.S. carbon emissions from energy use are about
20 percent of the world total, or about 1.4 billion
metric tons each year. Qil is the largest source,
followed by coal, and then natural gas. ‘The
percentages of U.S. emissions from oil and gas are
both somewhat higher than the world average; coal
emissions somewhat lower (see figure 3-2),

Fossil fuels also are a major source of methane,
accounting for perhaps 15 percent of all methane
emissions throughout the world each year. Because,
molecule for molecule. methane is far more effectivc

“To convert to metric tons of CO,, multiply by 3.67. To convert to short tons of CO,, multiply by 4.03.

In figure 3-2, biomass fuels in the United States are shown contributing no net emissions, which assumes that all harvested fuel wood is replanted
It, for example, only half of the fuel wood is used on a sustainable basis, biomass emissions would account for 2 percent of the total.
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Figure 3-3—World Carbon Emissions From Fossil
Fuels, By Region, 1988
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SOURCE: Office of Technology Assessment, 1991, calculated using data
from U.S. Departmen: of Energy, International Energy Annual
(1988).

than CO,in trapping energy in the atmosphere,
smaller emissions of methane can have as powerful
an impact as larger emissions of CO,. Methane,
however, is converted in the atmosphere to CO, after
10to 20 years (see ch. 2).

Fossil-fuel-related methane emissions occur pri-
marily through leakage from natural gas production
and transport, oil production, and coal seams.
Methane emissions from all sources are estimated to
be responsible for about 15 to 20 percent of the
greenhouse warming that occurred during the 1980s
(83).

While carbon-free energy sources themselves do
not release climate-modifying gases to the atmos-
phere, the steps required to exploit them may
nevertheless entail some emissions. For example,
the uranium required to run most nuclear power-
plants must be extracted, processed, enriched, and
manufactured into fuel rods prior to use. The energy
this requires typically is provided by fossil fuels.
The resulting emissions, however, are still quite low
compared to those that would result from using
carbon-bearing fuels in place of noncarbon fuels.
The latter therefore are gaining attention as low-
emission alternatives to fossil fuels.

Electricity Generation

In 1987, nearly two-thirds of the approximately
2,500 gigawatts (Gw) of” electric generating capacity
in the world ran on carbon-bearing fossil fuels; this

accounted for nearly al of the CO,emissions
associated with generating electricity. Most of the
balance (over one-third) of world generating capac-
ity operates on carbon-free energy sources and does
not routinely emit comparable quantities of climate-
modifying gases. These low-emission options are
dominated by hydropower (about one-quarter of the
total world electric capacity) and nuclear power.

Over three-quarters of the world's generating
capacity is concentrated in the developed countries
of Europe, the U. S. S. R., North America, and Japan.
The largest electricity generator is the United States,
which in 1987 accounted for about 30 percent of
world capacity.

About 30 percent of U.S. electric power in 1987
came from carbon-free energy sources, nuclear
power dominated, followed closely by hydropower.
All other carbon-free energy-sources (e.g., wind,
geothermal, and solar) accounted for less than 0.5
percent of the electric power generated in the United
States in 1987. For the United States to supply a
large portion of its current electric power from solar,
wind, and geothermal energy, enormous growth in
those industries would have to occur.

The average efficiency of a U.S. powerplant is 33
percent (14)—that is, only one-third of the energy in
the fossil fudl leaves the plants as electric power. The
rest is discharged as waste heat. Conversion efficien-
cies in most industrialized countries are comparable,
but they often are quite low (around 25 percent) in
developing countries and regions such as China, the
Middle East, and Africa (66, 83).

Worldwide growth in capacity has been extremely
rapid over the last quarter century. Growth was
fastest in the developing world, though this occurred
from a much smaller base than in the industrialized
countries. In 1987, developing countries accounted
for only about a quarter of all the electricity used in
the world (see ch. 9). China, India, and Brazil
together accounted for nearly athird of the capacity
in the developing countries in 1987. Demand for
electric power has increased at an annual rate of over
8 percent for the last 20 years (ch. 9; also see refs. 1,
87). The developing countries are expected to
continue to increase their share of world capacity
during the next quarter century.
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CARBON-BEARING ENERGY
SOURCES

Fossil Fuels

Introduction

Important international variations exist in the
magnitude of fossil fuel reserves, production and
consumption, imports and exports, and prices (see
tables 3-2 through 3-4), These variations are key
considerations in any U.S. effort to limit production,
consumption, or trade of fossil fuels.

Reserves--Globally, the most plentiful fossil fuel
is coal. Proven reserves of both petroleum and
natural gas are far smaller. The largest proven
reserves of fossil fuels are within the U.S.S.R. and
Eastern Europe; very large amounts are also found
in the United States.

Production and C'onstimption-in 1988, petro-
leum accounted for over 40 percent of the world's
fossil fuel production, coal for nearly a third, and
natural gas for the rest."The U.S.S.R. and the United
States account for between 40 and 45 percent of the
world's fossil fuel production and also for a very
large portion of consumption.

Trade—The extent to which each country’s
production meets its demand varies widely. Some
countries, such as Japan, are heavily dependent on
imports of al three fossil fuels. Others, such as the
U. S. S R, are large exporters of all three fuels. The
most commonly traded fossil fuel is petroleum;
nearly 40 percent of crude oil production and 20
percent of refined products were traded internation-
ally, World trade is far less important for natural gas
and coal, largely because they are more difficult to
handle. The industrial market economies are the
largest importers of fossil fuels. The Middle East
region is the most important exporter of fossil fuels.

Prices—Typicaly, coal prices are considerably
lower than those of other fossil fuels. U.S. coa’®
prices (per Btu) in 1988 were about one-third lower
than natural gas prices. Fossil-fuel prices have gone
up considerably since 1970, but declined between
1980 and 1988. Coal prices have been less volatile
than gas and oil prices. The relatively low and stable
price of coal has much to do with its popularity. U.S.

energy prices, in general, are lower than those of
most other developed countries. Thisis particularly
true for petroleum products, and to some extent
reflects much higher tax rates outside the United
States (76).

Cod

Emissions-Coal combustion produces approxi-
mately 40 percent of the global CO,emissions from
fossil fuels and 35 percent of U.S. CO,emissions.
Electricity generation accounts for about 50 percent
of coal use globally, and 80 percent of U.S. coal use.
Coal aso accounts for a significant portion of the
world's methane emissions, mostly from newly
opened mines. Preliminary estimates suggest coal
production may contribute around 5 to 10 percent of
methane emissions directly attributable to human
activities worldwide (35a). In the United States, coal
may contribute between 10 and 20 percent of total
anthropogenic methane emissions.

Resources and Their Use---Coal is the most
abundant fossil fuel and is available in many parts of
the world. Nevertheless, three countries-the United
States, China, and the U.S.S.R.—together account
for roughly two-thirds of world reserves. These three
countries also were the world’s largest producers
and consumers of coal in 1988. In recent years,
increases in coal production and consumption have
been most rapid in China and in India. Very large
increases in production also have occurred in
Australia, largely to meet rapidly growing export
markets, Far smaller, though important, increases
occurred in the United States, Canada, and the
U.S.SR. (76).

China, already the world's largest consumer of
coal, might triple its consumption of coal to over 3
billion tons by the year 2030, which would increase
total world coal production by 50 percent (10). Coal
use in India (currently fifth worldwide) also is likely
to rise in the future. Many development organiza-
tions have encouraged coal use in developing
countries because of the availability of domestic
supplies.

Over 10 percent of world coal production is
traded, at a total value of about $16 hillion per year.
The United States and Australia are the world's
largest coal exporters. Several other countries export

4Including natural gas plant liquids.
SBituminous and subbituminous coal, and lignite.



Table 3-2-Coal Resources, Consumption, and Trade (percentage share of worldwide total)

Reserves, 1989

Production, 1989

consumption, 1989

Imports, 1987

Exports, 1987

1. United States. . .....24.1 1. United States. . ....23.9 1. China . ............ 22.6 1. Japan . ..o 27.0 1. Australia. . ......... 29.7
2. USSR. . ... 22.1 2. China 2. United States. . .....21.2 2. South Korea . .......... 7.4 2. United States. ... ... 22.6
3. China . ............ 15.4 3. U.S.S.R. 3. USSR, . .. 12.9 3. Italy . 5.7 3. South Africa. . .....10.9
4. Australia. . .......... 8.4 4. Poland . 4. Poland®. ........... 5.7 4. Canada . .............. 4.3 4. Canada . ............ 8.3
5 India............. 5.7 5. Australia. . ........ 4.4 5. India". . ... 4.1 s. France , -, ... ... ... .3. $$ 5.US8SS8R.............76
6. ‘West Germany . .. ...5.4 6.India............... 4.1 6.Japan .............. 3.4 6. Netherlands. . .......... 3.6 6. Poland . ............ 7.3
7. South Africa ..., .. ..5.1 7. West Germany . . .... 3.3 7. South Africa’, . .....3.4 7. Belgium/Luxembourg .. ..3.0 7. West Germany .. ...3.0
8. Poland . ............ 3.7 8. East Germany . .....2.9 8. West Germany .. ...3.3 8. Denmark . ............. 2.9 8. Colombia . .......... 2.4
9. East Germany . .....1.9 9. United Kingdom. .. ...2.7 9. East Germany®.. ...3.0 9. West Germany . ........ 2.8 9. China . ............. 2.1
10. United Kingdom .. ...0.6  10. Czechoslovakia ., .. ..1.8°  10. United Kingdom .. ...28 10. U.S.S.R. . ............. 2.3 10. United Kingdom ., .. ..0.8
Other . ............. 7.6 Other . ............ 15.1 Other . ............ 17.6 Other . ... 37.1 Other . ............. 5.3
100.0 100.0 100.0 100.0 100.0

aAsgarem consumption for Poland, India, South Africa, and East Germany is obtained from y_s. Department of Energy (1989). It represents their share of world apparent consumption in 1987 (not
1989).

NOTE: Approximately 10 percent of coal production/consum ption is tradéd internationally.

SOURCES: Unless otherwise specif ied, data for resources/reserves/production and consumption are from the British Petroleum Company, BP Statistical Review of World Energy (London, UK: British
Petroleum, June 1990). Data on imports and exports are derived from U.S. Department of Energy, Energy Information Administration, International Energy Annual, 1988
DOE/EIA-021 9(88) (Washington, DC: November 1989).

Table 3-3-Petroleum Resources, Consumption, and Trade (percentage share of worldwide total)

Reserves, 1989

Production, 1989

Consumption, 1989

Imports, 1987

Exports, 1987

1. Saudi Arabia . ...... 25.2 1. USS.R. . ......... 19.7 1. United States , .. ...25.6 1. United States . ... 18.5 L USSR, . .. 10.8
2. lrag . ...l 9.9 2. United States . ... 14.0 2. USSR . ... 14.0 2. Japan . ........... 12.5 2. Saudi Arabia. . ........ 10.5
3. Kuwait . ............ 9,3 3. Saudi Arabia . ... 8.3 3. Japan. . ............ 7.5 3. West Germany .. ...6.5 3. United Kingdom . ...... 5.7
4. lran . ... 9.2 4. Mexico . ...... 46 4. China . ............. 3.8 4. ltaly . ...l 5.6 4. lraq . ..o 5.0
5. Abu Dhabi . ......... 9.1 Siran............... 4.6 5. West Germany .. ...3.5 5. France ... , . ... 5.4 5. lran . ...l 4.8
6. US.S.R. . .......... 5.8 6. China . ............. 4.5 6. ltaly . .............. 3,0 6. Netherlands . ....... 4.8 6. Kuwait . ............... 4.4
7. Venezuela . ......... 5.8 7. lraq . ..o, 4.5 7. France . ............ 2,9 7, Spain . ............. 2.9 7. United Arab Emirates .. .4.3
8. Mexico . .......... 5.6 8. Venezuela . ... .. ..3.2 8. United Kingdom .. ..2.6 8. United Kingdom .. ..2.8 8. Venezuela . ........... 4.2
9. United States . .....3.4 9. United Kingdom .. ...3.0 9. Canada ... , . ....... 2.5 9. Singapore . ........ 2.7 9. Mexico.............. . 4.0
10. Libya . ...l 2.3 10. Canada . ........... 2.6 10. Brazil*. ............ 2.0 10, Belgium . ........... 2.2 10. Nigeria ... , . .ooeevenns 3.3
Other . . . . .......14.4 Other . ............ 31.0 Other . ............ 32.6 Other . ............ 36.1 Other . .............. 43.0
100.0 100.0 100.0 100.0 100.0

2Brazil's apparent consumption is obtained from U.S. Department of Energy (1989). It represents Brazil’s share of world apparent consumption in 1987 (not 1989).
NOTE: Imports and Exports, as listed above, include both crude oil and refined petroleum products. Nearty 40 percent of crude oil production was traded internationally in 1987;
nearty 20 percent of production was traded internationalty in the form of refined products.

SOURCES: Unless otherwise specified, data for resources/reserves/production and consumption are from the British Petroleum Company, BP Statistic/ Review of Worid Energy (London,
UK: British Petroleum, June 1990). Data on imports and exports are derived from U.S. Department of Energy, Energy Information Administration, International Energy Annual, 1988
DOE/EIA-0219(88) (Washington, DC: November 1989).
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Table 3-4--Natural Gas Resources, Consumption, and Trade (percentage share of worldwide total)

Reserves, 1989 Production, 1989 Consumption, 1989 Imports, 1987 Exports, 1987

1. US.S.R. . ......... 37.6 1. USSR, . ... 37.5 1. USSR, . ........ 33.0 1. West Germany . ... 17.8 1. USSR. ..., . ... 33.6
2. Iran . ... 12.5 2. United States. .. ..25.5 2. United States .. ... 28.6 2. Japan . ...l 16.0 2. Netherlands . ......... 13.7
3. Abu Dhabi . ......... 4.6 3. Canada . .......... 5.1 3. Canada . .......... 3.1 3. United States . ... 11.3 3. Norway . ............. 11.7
4. Saudi Arabia . ... 4.5 4. Netherlands . ...... 3.1 4. West Germany .. ...2.6 4. France . .............. 10.7 4. Canada . ............. 11.2
5. Qatar. . ............ 4.1 5. Algeria . .......... 2.3 5. United Kingdom .. ..2.6 5. ltaly . ...l 9.3 5. Algeria . ......ooeeel. 9.8
6. United States . ....4.1 6. United Kingdom .. ..2.2 6. Japan . ........... 2.5 6. United Kingdom . ...... 4.9 6. Indonesia . ............ 8.5
7. Algeria . ............ 2.9 7. Romania®. . 7. ltaly . .l 2.2 7. Belgium/Luxembourg .. ..3.7 7. Malaysia . ............. 3.2
8. Venezuela . ......... 2.5 8. Indonesia . 8. Romania®. ........ 2.0 8. Poland . ............... 2.9 8. United Arab Emirates .. .1.2
9. lIrag . ...l 2.4 9. Nonway . 9. Netherlands . ... 1.8 9. Czechoslovakia . ....... 2.9 9. United States . ...

10. Canada . ........... 2.4 10. Mexico , . . 10. France . .......... 1.4 10. East Germany . ........ 2.9 10. West Germany

Other . ............ 22.4 Other . .......... . Other . .......... 20.2 Other . .............. 17.5 Other . ...
100.0 100.0 100.0

‘Romania’s production and consumption are obtained from U.S. Department of Energy (1989).
NOTE: Approximately 13 percent of world natural gas production/consum ption is traded internationally.

SOURCES: Unless otherwise specified, data for resources/reserves/production and consumption are from the British Petroleum Company, BP Statistic/ Review of World Energy (London,
UK: British Petroleum, June 1990). Data on imports and exports are derived from U.S. Department of Energy, Energy Information Administration, International Energy Annval,
1988 DOE/EIA-0219(88) (Washington, DC: November, 1989).
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large quantities of coal, and still others intend to
become major traders. By far the largest importer of
coal is Japan, accounting for 25 percent of world
imports (76).

Issues--several technical options exist to reduce
coal-related emissions without abandoning coa as a
fuel. For example, methane emissions from coal
mines can be relatively quickly reduced with avail-
able technology, Coal can be used to simultaneously
provide heat and €electricity through cogeneration.
The efficiency of coal use can be markedly improved
in other ways as well, as detailed later in this chapter.

The fact remains, however, that coal emits more
carbon per unit of energy than any other fuel. There
is no cheap and otherwise acceptable way of
removing and disposing of the large amounts of CO,
generated through coal combustion (see box 3-B
below). Consequently, beyond the limited options
just mentioned, the only other near-term alternative
to reduce emissions by large amounts is to switch to
lower carbon-emitting fuels.

Unfortunately, even limited actions will be diffi-
cult to implement because coal is an important and
low-priced source of energy for many countries of
the world, including the United States. Aggressive
attempts to limit its production, consumption, and
trade will have profound social and economic
impacts. Both at home and abroad, great resistance
may develop from entities heavily dependent on
coal; these range from unions of coal miners to
countries, such as China, whose ambitious plans for
development rest squarely on the greatly expanded
use of coal.

Petroleum and Natural Gas

Emissions—Petroleum combustion contributes
about 40 percent of worldwide CO,emissions and
45 percent of U.S. emissions. End uses account for
about 90 percent of world and 95 percent of U.S.
petroleum consumption. Natural gas combustion is
the source of about 15 percent of worldwide CO,
emissions and about 18 percent of U.S. emissions.
About 75 percent of the world’s natural gas con-
sumption directly fuels end uses and 25 percent is
used to produce electric power. For the United
States, these figures are 85 and 15 percent, respec-
tively.

Methane is also released to the atmosphere when
oil and gas are produced and when natural gas is
transported and stored; two of the more important
sources include venting of methane at the well-site
and leaks from pipelines. The global magnitude and
distribution of methane emissions from these sources
remain largely undefined and are matters of conten-
tion. However, evidence suggests that emissions are
greatest at the extreme ends of natural gas systems—
the production end and in low-pressure distribution
systems. Also, anecdotal evidence suggests that the
Soviet Union’s emissions may be extremely high;
the U.S.S.R. accounted for nearly 40 percent of
world natural gas production in 1989 and its
transmission and distribution system is notoriously
leaky. One estimate places transmission losses and
direct losses during extraction at 8 percent of total
U.S.SR. production (22a).

Resources and Their Use—Proven natural gas
reserves are heavily concentrated in two regions. the
U.S.SR. and the Middle East. Large additional
resources, including probable reserves, exist,
though estimates of their precise magnitudes are
highly disputed and vary widely.’

The world's largest gas producer is the U.S.S.R.
(about 40 percent of world production). Overall
world production increased by over athird between
1977 and 1987, though production in the United
States has declined by 25 percent from a peak in the
early 1970s. Global production during the next
guarter century will continue to increase, particu-
larly in the U.S.S.R. and in developing countries
(42)."The U.S.S.R. was also the largest exporter of
natural gas in 1986, accounting for over a third of
world exports. The major importers were the Euro-
pean countries, with West Germany far in the lead
(27).

While natural gas is important in developing
countries such as Mexico, Argentina, Venezuela,
China, and Algeria, many developing countries have
not exploited their natural gas reserves because of
the large infrastructure required for a natural gas
distribution system. In addition, most of the market
for gasis local, making it difficult for foreign oil and
gas companies to recoup investments through hard
currency earnings (39).

6For a discussion Of natural gas resources, see refs. 40, 45, and 53.
TAlso seerefs. 22, 32.
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Petroleum reserves are concentrated in the Middle
East and, to a lesser extent, Latin America. The
United States produced about 14 percent of the
world's petroleum in 1989, ranking it second behind
the U.S.S.R. (which produced 20 percent). About a
dozen other countries, concentrated in the Middle
East, accounted for most remaining production.
Unlike coal and natural gas, which tend to be
consumed by the countries that produce them,
petroleum is heavily traded; indeed, 40 percent of
crude oil and 20 percent of refined products are
transferred internationally. Exports are dominated
by the huge quantities of oil that flow from the
Middle East. The largest world importer is the
United States, followed by the European nations
(both East and West) and Japan.

Excluding China, oil accounted for over half of
the commercial fuel use in developing countries.
Compared with the United States, the developing
countries use relatively more oil for electricity
generation and for industry than for transportation
(35). While some countries have large oil supplies,
many others must use hard currency to purchase oil
on the internationa market. Even so, while oil
consumption decreased in the OECD during the
price shocks of the mid-1970s and early 1980s, it
steadily increased in the developing countries. Its
relative share of commercial fuel use in developing
countries, however, has been declining since 1979.

Issues—As with coal, options exist for * ‘tighten-
ing' the petroleum and natural gas systems to make
them less emissive without necessarily affecting the
relative attractiveness of the fuels. One of these is to
limit emissions of unburned natural gas, especialy
in the U.S.S.R. and Eastern Europe. Another is to
place greater emphasis on the efficient use of
petroleum and natural gas, through cogeneration and
by more efficient end-use technologies in general.

Beyond these steps, further measures can be taken
to make petroleum less attractive as a fuel. Aside
from reduced emissions, the advantages of reduced
petroleum use include reduced petroleum imports,
trade deficits, and vulnerability to oil-supply cutoffs.
Of the many alternatives, the most commonly
discussed supply-side alternative is increasing the
tax on gasoline (see ch. 5).

Policies affecting the relative attractiveness of
natural gas must balance two needs:

I. the need to limit natural gas use because of its
methane and CO,emissions, and

2. the need to promote its use as a near-term
alternative to higher emission alternatives such
as coal or coal-based electric power.

Policies will have to improve the position of natural
gas relative to coal, while simultaneously reducing
its appeal relative to options with still lower
atmospheric impacts.

A carbon tax could provide an incentive to switch
to lower carbon-content fuels such as natural gas.
However, care must be taken to structure the tax
such that it reflects the methane emissions associ-
ated with supplying natural gas. For imports, this
will require detailed information on methane emis-
sions in the exporting country as well as leakage in
transit.

Biomass Fuels

Emissions

During photosynthesis, plants transform solar
energy into chemical energy asthey convert atmos-
pheric carbon and water from the soil into carbon-
based compounds. The resulting plant tissues are
known as “biomass.”® Plant biomass and animal
wastes are used as energy sources around the world.
“Biomass fuel’ is burned for cooking and space
heating in developing countries, and for industrial
processes and electricity generation.’

When biomass fuels are burned for energy (or
when residues from harvesting and processing of
plants into fuel decompose), the carbon in them is
released to the atmosphere. Unlike fossil-fuel car-
bon, however, the carbon released from biomass
fuels was taken from the atmosphere over the past
few decades. If biomass fuels are used on a
sustainable basis (e.g., if harvested trees are always
replanted), the carbon emitted will be resequestered
over the next few decades as the plants grow and
become available once again for use.

8:‘Biomass’ in general refersto any living material, including animals and their wastes.

9Burning biomass fuels should be distinguished from burning vegetation to clear forests for crop and range land or to remove crop residues from
harvested areas; in these latter cases, use of biomass for fuel does not occur. Biomass burning and natural decomposition of biomass are major sources

of CO,, methane, and other greenhouse gases (see chs. 7 and 8).



86 . Changing by Degrees. SepsTo Reduce Greenhouse Gases

In contrast, the carbon emitted from fossil fuels
was taken from the atmosphere millions of years
ago. Essentially no carbon is recycled back to fossil
fuel (in timeframes of interest to the next severa
generations) when fossil fuels are burned, since coal
and other fossil fuel feedstocks form only very
slowly over geologic time.

The net carbon emissions from biomass fuels
depends on how they are managed and on the
timeframe considered. Dung and agricultural waste
used as fuel are typically not considered net emitters
because they would rapidly decompose anyway.
Twigs and branches will regrow, taking carbon from
the atmosphere, over a few years. Carbon emitted by
burning harvested trees can be reclaimed in decades,
assuming that replacement trees are replanted (see
box 7-A in ch. 7).

Resources and Their Use

Data on biomass fuel use are sketchy. By one
rough estimate, about 15 percent of the world's
energy was obtained from biomass fuels in 1987
(57), considerably more than was provided by
nuclear and hydroelectric power combined. Wood
accounted for about 60 percent of the biomass fuels,
dung and agricultural residue for most of the
remainder (55).

The importance of these fuels varies among
different countries, largely according to economic
conditions, Developing countries may derive up to
one-third of their energy needs from biomass (55),
but even among these counties, the percentage
varies greatly. For example, biomass energy in
China, India, and Kenya accounts for about 25, 40,
and 80 percent of the total energy use in each
country, respectively (74). In rural areasin many of
these countries the energy contribution of biomassis
often much higher. Traditional biomass fuels (wood,
crop residues, animal dung) are relied on for
household cooking and heating, particularly in rural
areas and in the poorer developing countries in
general (21; also see chs. B and 9). While logs and
charcoal are often traded in commercial markets,
most biomass use is not reflected in statistics on
primary commercial energy consumption.

In industrialized countries, biomass fuels account
for only about 3 percent of energy supplies, although
in afew cases—-particularly in the forest products
industry-wood is a significant part of the fuel mix.
In Finland, wood accounted for about 15 percent of

total energy use in the early 1980s (58, 62). In the
United States, forest residues and wood wastes
supplied about 2 percent of energy use during the
late 1980s, with one-third used at residences and
two-thirds by industry (59).

Today, biomass fuels are most commonly used in
their unprocessed forms (e.g., wood logs) and are
burned directly in residential stoves or industrial
boilers or combustors. However, biomass can also
be processed into liquid or gaseous fuels for use in
boilers, gas turbines, or highway vehicles. Munici-
pal solid waste can be a biomass fuel source in some
situations-through combustion in incinerators, with
subsequent use of steam (either directly or to drive
turbines), or from collection of methane produced
when biomass (e.g, paper, food wastes) decomposes
in landfills. (See box 3-A for a discussion of how
biomass can be used for energy.)

I ssues

The Department of Energy (DOE) estimated (86)
that using fast-growing, short-rotation woody crops
as biomass fuels could offset 3 to 5 percent of current
annual U.S. CO,emissions, assuming current pro-
duction and conversion technologies, and up to 35
percent, assuming technology advances and using a
high estimate of land availability. OTA's more
moderate estimate indicates that planting 0.5 million
halyear in short-rotation woody crops might offset
about 1,2 percent of current U.S. CO,emissions (see
ch. 7).

The magjor constraint on production and use of
biomass fuels as an energy source in the United
States is their general lack of economic competitive-
ness with fossil-fuel energy sources. A recent report
by several national laboratories, though, projected
that biomass fuels might account for 7 to 13 percent
of energy use—two to three times current levels—by
the year 2030, depending on the level of Federal
support for R&D of different conversion technolo-
gies (59) and on whether vigorous measures are
taken to promote them. However, developing a
sustainable and balanced biomass energy industry
also depends on how several questions are resolved,
including whether: productivity of short-rotation
crops can be maintained over long periods, sufficient
infrastructure to support a biomass fuel industry can
be developed, market conditions will be conducive
to investments in such an industry, and alternative
land uses are more desirable.
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CARBON-FREE ENERGY
SOURCES

Renewable Energy Sources

The use of renewable, carbon-free energy sources
resultsin no or relatively low emissions of climate-
modifying gases. '”

Water

Hydroelectric power is the largest worldwide
nonfossil source of electricity. Most installed capac-
ity is located in the United States, Canada, and the
U.S.S.R. From 1977 through 1987, worldwide
hydroel ectric power production expanded by about
40 percent, though by less than 15 percent in the
United States.

Worldwide hydropower capacity could ultimately
triple (19). Among the developed countries, the
U.S.S.R. has by far the largest resources, followed
by the United States and Canada. In the developing
countries, the largest potential is in Zaire, China,
India, Indonesia, Colombia, and Brazil." Hydro-
power does not directly contribute greenhouse gas
emissions, but its high capital costs, associated
flooding and deforestation, and impacts on indige-
nous peoples make it controversial in many develop-
ing countries. As a result, U.S. Agency for Interna-
tional Development policy is to no longer fund large
hydropower projects. Some governments (e.g., China,
Brazil) also have scaled down some large projects
because of environmental concerns or the realization
that end-use energy efficiency could reduce the need
for some new generating capacity.

Geothermal Energy

Geothermal energy is heat, hot water, or steam
obtained from the Earth’s crust.?In some cases, the
hot water comes from wells. In others, cold water (or
other working fluid) is pumped down to the hot rock,
heated, and returned to the surface to drive a turbine.
This heat has many possible applications, but the
most common is the generation of electricity. The
technology to convert geothermal energy to electric-
ity is relatively well developed for some types of
sources (i.e., geysers) but not for all (9).

Coso Geothermal project in California.

In 1989, worldwide geothermal capacity totaled
over 5,400 megawatts of electricity (MWe). Forty-
seven percent of this capacity was in the United
States (about 0.4 percent of U.S. generating capac-
ity). Other countries with some geothermal electric
capacity were the Philippines, Mexico, Italy, Japan,
New Zealand, and Indonesia.

Despite the low absolute use of geothermal
energy, growth over the last decade has been
extremely rapid; from 1970 to 1988, total geother-
mal generating capacity in the United States in-
creased from 78 to 2,409 MW of electricity. An
additional 7,325 MW were planned worldwide as of
April 1989 (20). By the year 2000, U.S. geothermal
capacity could reach 6,800 MW. Most will be
located in California, Hawaii, Arizona, New Mex-
ico, Nevada, and Utah (52). Rough estimates indi-
cate substantial reserves. The U.S. Geological Sur-
vey estimates that on the order of 23,000 MW might
be recoverable from high-temperature geothermal
resources in the United States (59).

Wind

Wind power is widely used for pumping water.
The technology used to turn wind into electricity is
well developed, though advanced wind turbine
designs (e.g., variable speed rotors) are just begin-

19Note that there are hybrid technologies that Supplement noncarbon sources Of energy with carbon fuels. Most existing solar thermal electric

powerplants, for example, are supplemented with natural gas.
1| For adetailed listing, see ref. 85.
12For more on the technology of geothermal power, see ref. 69.
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Box 3-A—Energy From Biomass

Biomass is a renewable energy resource obtained from organic, nonfossil materials such as wood and wood
byproducts, agricultural crops and their residues, animal wastes, municipa solid waste (MSW), and sewage sudge
(see figure 3A-1). Most biomass energy currently comes from direct combustion of solid biomass (e.g., wood, plant
herbage, MSW) for space and process heating, cooking, and a small amount of electric generation. Biomass aso
can be converted to various gaseous and liquid fuels (often called biofuels) which can be easily stored and
transported

In the United States, biomass sources currently supply about 2.8 quadrillion Btu's (quads), or about 3 percent
of the Nation's energy needs (81), an amount typica of industrialized countries. About 87 percent of this energy
comes from wood and its byproducts; wastes and alcohol fuels made from biomass account for about 10 and 3
percent, respectively. If fully developed, biomass energy might eventually contribute about 14 quads, or about 17
percent of current U.S. energy consumption (59); Oak Ridge National Lab (47, 48) estimates a potential 14 quads
from biomass-based liquid fuels aone.

Direct Combustion of Wood and Wood Wastes—In the United States, the largest amounts of energy from
hiomass come from the direct combustion of wood and wood wastes. (See ch. 7 for a discussion of forest product
resources.) The lumber, pulp, and paper industries account for about 65 percent of all wood consumed for energy,
and the residential sector about 35 percent (79). In industry, about 95 percent of this energy is used to produce
process heat or steam, while the remaining 5 percent is converted to electricity using onsite cogeneration systems.

Direct Combustion of Municipal Solid Waste—Today, about 14 percent (by weight) of the MSW generated
in the United States is incinerated (84)." About 120 facilities out of the 160 in the United States that incinerated
MSW also produced energy in the form of steam (45 perent of the plants), electricity (26 percent), cogenerated
electricity (20 percent), and refuse-derived fuel burned elsewhere (8 percent) (25,70). These “waste-to-energy”
plants account for about 4 percent of the biomass energy consumed in the United States (59). Expansion of this
capacity in the United States is uncertain because of public concern over air pollution and possible health impacts
of incinerator emissions and ash.

Methane Gas From Landfills-Municipal solid waste (M SW) landfills produce methane gas due to the
anaerobic decomposition of organic wastes, which makeup approximately three-quarters of all MSW (70). While
current estimates of methane emissions from landfills and other sources are highly uncertaih, waste disposal in
landfills around the world might account for 5 to 18 percent of all methane emissions (8).”Since methane is a more
potent short-term greenhouse gas than CO,(ch. 2), from a climate perspective it would be most desirable to recover
and process it for energy. Out of the approximately 6,000 active U.S. landfills in operation in 1986, only 123
collected methane for energy recovery (70). Methane emissions are drawn, sometimes with vacuum pumps, through
a series of trenches and/or collection pipes running throughout the landfill. The gas is later purified and can be used
to generate steam for heating or electric generation. Today, landfill gas accounts for only 0.3 percent of energy from
all biomass sources (36), but if fully developed this resource could supply between 0.2 to 1.0 quads of energy
-between 1 and 5 percent of al natural gas consumption, or 0.2 to 1 percent of total U.S. energy demand (59,82).

Methane Gas From Anaerobic Digesters-The decomposition of organic material inside devices called
anaerobic digesters essentially mimics similar processes in oxygen-poor environments such as landfills and rice
paddy muds, but methane is produced more efficiently because the process can be carefully controlled Ideal
hiomass feedstocks include sewage sludge, fresh anima manure, aquatic plants, and wet food-processing wastes.
The amount of energy that could be recovered from these sources in the United States is about 1 quad (59).

Syngas From Wood, Crops, and Waste--Solid biomass can be converted, through a process called
“gasification, “ into gas suitable for fuels or chemical synthesis. Lower Btu gas produced using air-blown gasifiers
is used as boiler fuels or furthered processed into liquid fuels (e.g., methanol, see below), whereas higher Btu gas
from oxygen-blown gasifiers can be added to the natural gas distribution system

1About 83 percent by weight of MSW CONSIStS Of combustible materials such as paper and paperboard, | agticS, rubber, leather, WOOC,
and food and yaed wastes; the remaininl 7 percent, consists of moncombustibles, such as glass, metals, and miscel inorganic wastes (81).

2The Clean Air Act Amendments of 1990 directed EPA to study methane emissions associated with natural gas and coal extraction,
transportation, distribution, storage, and use; solid waste management (which includes landfills); agriculture; and biomass burning.
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Ethanol From Grains and Sugar Crops—In 1987, about 3.2 hillion liters of ethanol were sold in the United
States, mainly as a transportation fuel, making it the world's second largest consumer after Brazil (see chs. 5 and
8) (61). Over 80 percent of U.S. ethanol plant capacity in 1986 was dedicated to fermentation of corn feedstocks
(78). Other grain and sugar crops, such as grain sorghum, molasses, and food-processing wastes, also can be used
for feedstock; in Brazil, sugarcane is used. More than 8 percent of the gasoline sold in the United Statesis a 10
percent ethanol blend (i.e., “gasohal”).

Methanol From Wood, Crop Residues, and Grass Crops—Methanol is used primarily as a feedstock in
chemical manufacturing, but also as a transportation fuel. In 1986, 1.1 hillion liters of methanol were consumed in
the United States for transportation, accounting for about 0.09 percent of this sector’s energy demand (78). Methanol
has traditionally been produced using natural gas feedstocks, but it can also be produced from biomass through
pyrolysis or oxygen-blown gasification (as described above) and then converted to methanol using catalysts (67).
Significant improvements in both conversion technology and all aspects of the growing and harvesting cycle for
hiomass-to-methanol production are necessary for biomass-based methanol to become competitive with natural gas
feedstocks (73).

Certain plant seeds, such as rape seed, sunflowers, or oil palms can be pyrolyzed to form intermediate biocrude
liquids, and then catalytically converted to gasoline, diesdl, or jet fuel. Oil seeds maybe able to supply as much as
0.4 quads (47).

Figure 3A-I—Alternative Methods of Using Biomass Energy
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ning to emerge. ~In areas with good winds, wind
turbines can be a cost-effective method for meeting
a portion of power needs. ‘Generaly, the wind energy
flux is greatest in coastal areas in the mid and
northern latitudes and along exposed mountain
ridges throughout the world. In the United States,
good wind resources are widely dispersed, from
coastal New England to the mountain passes of
southern California (17).

In mid-1989, installed wind turbine electric ca-
pacity was roughly 1,760 MW worldwide. In the
United States, capacity amounted to roughly 1,520
MW*", triple the capacity 5 years earlier but still
only a fraction of a percent of total U.S. electric
generating capacity (26). However, a study spon-
sored several years ago by the Electric Power
Research Institute indicated that the market potential
by the end of the century could be as high as 21,000
MW (54). Worldwide, the magnitude of the usable
wind energy resource cannot be accurately deter-
mined because of the current lack of data. Though
the annual theoretical potential is quite large, only a
small portion of this could be exploited during the
next quarter century (19). India reportedly has plans
for 5,000 MW of wind power by the year 2000(1 1).

Solar Energy

The amount of solar energy reaching the Earth’s
surface in a year is thousands of times that of
worldwide annual fossil fuel use (28). Of course,
many factors limit the usefulness of this energy,
Much of the solar energy shines onto oceans or other
locations where it is not easy to capture. Further-
more, insolation (exposure to sunlight) varies geo-
graphically, seasonally, daily, and over other periods
of time. Despite these limitations, the amount of
available energy is enormous. Solar energy can be
used to provide light, heat, steam, and even air
conditioning for buildings and industry.

Solar Thermal Energy—The sun can provide
power for diverse applications in buildings and
industry either in passive or active solar energy
systems. Passive systems usually use building struc-
tures (e.g., windows, walls, floors) for collection and
storage. Active systems rely on pumps and fans for
heat distribution from solar collectors to areas of use,

Passive solar technigues have been used since at
least the days of ancient Greece, and are used to
varying degrees in virtually all buildings today.
They include many conceptually simple methods,
such as orienting buildings north-south, planting
trees to block the sun in the summer and let it
through in the winter, installing skylights to provide
light, and using building materials that absorb or
reflect heat (also see ch. 4).

Active solar technologies are much more common
than expressly designed passive systems. They are
also better suited to the needs of the retrofit market.
The central feature of an active solar energy system
is the collector, which captures the solar radiation
and turns it into heat to warm buildings and provides
steam to drive machinery. Solar air-conditioning is
developed, but has yet to be widely commercialized.

The outlook for active and passive solar technol-
ogy is mixed. The field could experience rapid
growth over the next 25 years (59). However, even
optimistic market forecasts see this technology
contributing 1 percent or less of U.S. energy needs
over the next 25 years (59,47).

Solar Electricity Generation-Currently, solar
power supplies only a minuscule amount of the
world's electricity and only 0.07 percent of U.S.
electricity. Few expect solar power to provide a
significant fraction of electricity world-wide within
the timeframe considered in this report (i.e., by
2015)--at most, only a few percent of projected U.S.
electricity supply will be solar-based in 2015. On the
other hand, this does represent tremendous growth in
the relative share of solar energy in the United
States, and this could set the stage for even more
dramatic increases in the ability of solar power to
meet U.S. and world energy demands after 2015. In
the optimistic scenario of one study, solar energy
(not just solar electricity) could meet roughly 15
percent of U.S. energy needs by 2030 (59).

While growth in the use of solar and wind power
in developing countries is expected, it is unclear
whether this will represent much of an increase in the
share of the power generation market. Solar and
wind power may be most competitivein rural areas
where fuel supplies and maintenance services are
expensive and energy infrastructure (e.g., power
lines) isminimal (seech. 9).

13For a description of the technology, see ref. 59.

MCalifornia alone accounts fOI 80 percent of the world total, with most of that capacity located in three mountain passes.
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Photo credit: Solar Energy Industries Association

Parabolic trough collector at the Luz solar thermal plant in
California.

Issues

Renewable, carbon-free energy sources collec-
tively are now a major source of energy around the
world, and they have the potential to meet a sizable
h-action of future electric and nonelectric energy
needs. These sources cannot, however, fully dis
place fossil fuels in the near term. The greatest
near-term potential lies in hydropower and the
radiant energy of the sun; a large but substantially
smaller potential also exists for wind and geothermal
energy. All are economically competitive to some
degree today, but their competitiveness varies widely
depending on location, application, and other varia-
bles. Hydroelectric and wind power are the least
expensive; photovoltaics are currently expensive
and therefore competitive only in remote or special-
ized applications.

Each alternative possesses some advantages over
fossil fuels, ranging from photovoltaics remarkable
modularity to the short lead-times of small geother-
mal units. But the technologies also suffer from
serious disadvantages relative to the fossil fuels.
Among these are the difficulty of access to transmis-
sion capacity, the intermittent nature of photovol-
taics, lack of information about the quality and
distribution of the resources, high capital costs
relative to fossil-fuel competitors, and various regu-
latory constraints. Rapid and favorable changes
must occur in many of these areas if the technologies
are to readlize their full potential during the next
quarter century.

Nuclear

The emissions of CO,from the use of nuclear
powerplants are small compared to those from use of
fossil-fuel-fired plants.

Resources and Their Use

Worldwide, nuclear power provided about 15
percent of electricity in 1988. The United States
possessed the largest amount of nuclear capacity,
with about 30 percent of the total; other countries
with large amounts of nuclear generating capacity
were France, the U. S. S. R., Japan, and West Ger-
many (34). A few countries, such as France, draw
more than 50 percent of their electric power from
nuclear plants (64). Despite the strong presence of
nuclear power in many countries, and in contrast to
the rapid increase in nuclear capacity over the last
two decades, the immediate future suggests rela-
tively slow growth in capacity. Some countries, such
as France and Japan, are continuing to press ahead
with ambitious nuclear programs (46), but in many
countries growing concern over the safety and
long-term appropriateness of nuclear energy has led
to avirtual halt in development,

Though several developing countries have operat-
ing nuclear power capacity (Argentina, Brazil, India,
Mexico, Pakistan, South Africa, South Korea, Tai-
wan) (64), it plays aminimal role in most. Nuclear
power is unlikely to increase substantially in devel-
oping countries in the near future, even though some
are planning on building facilities by the end of the
century (e.g., Bangladesh, China, Cuba, Egypt,
Isragl, Morocco, Turkey) (64). Most developing
countries have not signed the nuclear weapons
Non-Proliferation Treaty, which makes it difficult
for nuclear nations to assist these countries in further
developing their nuclear energy industry.

Issues

Nuclear power’'s strong point is that its emissions
of CO,, methane, and other pollutants are quite low
compared to those of its fossil-fuel competitors.
Moreover, if the public is willing to accept nuclear
power, it could once again become aviable alterna-
tive to fossil-fuel-fired generation in the United
States. However, several key issues cloud the future
of nuclear power and restrict its near-term potential:

Lead Times-Many of the steps required to
commercially deploy additional nuclear power,
ranging from the development and demonstration of
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new designs to the licensing and construction of
commercia plants and reactors, require long periods
of time. This limits the near-term contribution of
nuclear power.

Safety and Environmental | ssues—These range
from concerns about the possihility of catastrophic
failure of nuclear plants to questions about waste
disposal and decommissioning.

Costs-The cost of nuclear powerplants has been
high compared to €electricity from fossil fuels.
Considerable uncertainty exists over what the future
costs—including decommissioning and waste dis-
posal-might be.

Proliferation—Increased dependence on nuclear
power will aggravate nuclear proliferation prob-
lems. This raises a host of domestic and international
issues. Promotion by the United States of nuclear
power in key developing countries will be limited by
these considerations and related legal obligations.

Some of these concerns are being addressed by
efforts to develop improved reactor designs and to
change government regulations; however, they are
certain to remain important in the near term. For a
more complete discussion of these issues, see ref. 68.

REDUCING CO,EMISSIONS FROM
ELECTRICITY GENERATION

Introduction to Technical Options

There are four basic ways to reduce emissions
from electricity generation:

1. reduce demand for electricity (see chs. 4 and 6),

2. use more nonfossil energy sources (see previ-
ous section),

3. switch to fossil fuels with a lower carbon
content per unit energy, and

4. lower the rate of CO,emissions from fossil
fuels through improvements in combustion
efficiency and electricity manumission and
distribution.

The third and fourth strategies-lowering the rate of
emissions from fossil fuels by switching to lower
carbon fuels and by using more efficient electric
generating and transmission technology-are dis-
cussed below.

Figure 3-4-Carbon Emissions From Electric
Generating Technologies as Compared to Emissions
From the Average Existing Coal-Fired Powerplant

Carbon emissions from alternative electric power plants
H Coa ¥23 petroleum {__] Natural gas

P
E;.___‘_——t}_l
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T
Conv. steam, oll BEZZzzzzzzz77-2222222
Conv. steam, 50% gas S
Conv, turbine, gas j]
- Pressurized fluid bed
. Conv. steam, 25% gas
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1IGCC
Conv. steam, coal
Atmosaph. fluld bed
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Conv. turbine, ol} PZZZZIZl7 272020l T /,;4'/”_4:;/‘};:,1
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Emissions as a percentage of average
exlsting coal-fired plant

Fuel cell, carbonate
ISTIG combined cycle
Conv. combined cycle
Conv. combined cycle

Fuel cell, phos. acid

NOTE: The numbers of the technologies on this figure are the same as
those presented in table 3-5. Additional details on the technologies
are presented in the table.

SOURCE: Office of Technology Assessment, 1991, calculated using data
from EPRI, Technical Assessment Guide (1989).

Fuel Switching and More Efficient
Generating Technologies

The amount of CO,that fossil fuels release when
burned depends, in part, on their carbon content,
which varies from fuel to fuel. Therefore, even if the
total quantity of fossil fuels in the energy supply
remains the same, CO,emission levels can be
affected by changing the ratios of coal, oil, and
natural gas we burn-a CO,abatement strategy
caled fuel switching. Fuel switching can bring large
reductions in emissions, since 85 percent of U.S.
utility co,emissions now come from coal-burning

plants.

Emission levels also depend on the efficiency of
the plants that burn those fuels. Another way to
reduce CO,emissions from this sector, therefore, is
to make powerplants more efficient. Small gains
(less than 5 percent per plant) are possible with
relatively minor “tune-ups’ (49). Similar measures
may well have bigger impacts-on the order of 10
percent-in developing countries (66). Larger gains
are possible through *‘repowering’ ‘—the replace-
ment of the basic combustion components of exist-
ing powerplants with new technologies.
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Table 3-5--CO,Emission Rates From Fossil-Fuel-Fired Electric Generating Technologies

Net heat rate Ib C/kWh Technology development
Technology Fuel full load (from fuel only)* rating
1. Dispersed fuel cell, advanced Natural gas 6,450 0.20 Laboratory
molten carbonate
2. Intercooled steam-injected gas Natural gas 7,260° 0.23 Pilot
turbine (ISTIG)
3. Combined cycle, conventional Natural gas 8,230 0.26 Mature
4. Combined cycle, advanced, Distillate 7,580 0.34 Demonstration
reheat steam cycle
5. Dispersed fuel cells, phosphoric  Distillate 8,550 0.38 Demonstration
acid, first generation
6. Steam powerplant Distillate 9,680 0.45 Mature
7. Conventional subcritical, w/wet 50% pulverized 10,210 0.46 Mature
lime flue gas desulfurization, 200 bituminous coal,
MW unit 50°/0 natural gas
8. Conventional combustion Natural gas 15,040 0.49 Mature
turbine
9. Pressurized fluid bed combustion-  Bituminous coal 8,980 0.51 Pilot
combined cycle
10. Conventional subcritical, w/wet 75% pulverized 10,210 0.53 Mature
lime flue gas desulfurization, 200 bituminous coal
MW unit 250/~ natural gas
11.  Supercritical, demonstration state  Pulverized bituminous coal 9,080 0.52 Demonstration
of the art, advanced limestone
flue gas scrubber
12. Integrated gasification- Bituminous coal 9,320 0.53 Demonstration
combined cycle (IGCC), 200 MW
unit
13.  Conventional supercritical w/wet  Pulverized bituminous coal 9,640 0.56 Mature
lime flue gas desulfurization,
14.  Atmospheric fluidized bed Bituminous coal 10,060 0.57 Demonstration
combustion (circulating bed))
15.  Conventional subcritical, w/wet Pulverized bituminous coal 10,210 0.59 Mature
lime flue gas desulfurization, 200
MW unit
16. Combustion turbine, Distillate 14,020 0.64 Mature

conventional

aThis does not include other CO, emissions that maybe associated with use oft he technology. For example, the figure for the fluidized bed technologies does

not include the CO, emi<7<°inns released by the limestone used.
bBased 0N efficiency of 47%.

SOURCES: All heat rates are average annual heat rates. Heat rate values, with the exception of that for the ISTIG and liquid-fuel-fired steam plants, are from
Electric Power Research Institute, TAG—Technical Assessment Guide, Vol.1Rev.6 Electricity Supply—1989 (Palo Alto, CA: November 1989),

EPRI P-6587-L.

Liquid-fuel-fired steam values from Electric Power Research Institute, TAG—Technical Assessment Guide, Vol.1. Electricity Supply—1986

(Palo Alto, CA: December 1986), EPRIP-4436-SR.

Heat rate for ISTIG f rom R. H. Williams and E. D. Larson, Aircraft-Derivative Turbines for Stationary Power (Princeton, NJ: Center for Energy
and Environmental Studies, Princeton University, 1988), review draft.

Alternatives to the average existing coal-fired
powerplants vary by emission rate (see figure 3-4).
Far greater gains are possible by switching away
from coal to other fossil fuels (shown as lighter bars)
than by switching among coal technologies (the
black bars).

Technology options also vary by heat rate—the
amount of fuel needed to generate 1 kilowatt-hour
(kwh) of electricity—and by CO,emissions per
kWh for the particular combination of technology
and fuel (seetable 3-5).

Burning conventional pulverized coal with a
sulfur dioxide scrubber (technologies 13 and 15 in
figure 3-4 and table 3-5), yields emission rates
typical of coal boilers installed during the 1980s.
With the most efficient coal technologies, CO,
emissions are about 10 percent lower. These include:
1) pressurized fluid bed combustion; 2) state-of-the-
art pulverized coal boiler; and 3) integrated coal
gasification, combined cycle (IGCC) (technologies
9, 11, and 12, respectively, in figure 3-4 and table
3-5). By replacing conventional coal plants with
high-efficiency turbines burning natural gas, the
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same amount of electricity can be generated with
about a 60-percent reduction in CO,emissions
(technologies 2 and 3). Thisis, in part, because gas
releases far less CO,per unit energy than does coal.

However, coa plants need not be completely
repowered to achieve some of the benefits of fuel
switching. One option is to change coal-fired plants
to natural gas co-fired or intermittently fired plants,
that is, plants that use both coal and natural gas
simultaneously or sequentially to heat the boilers
(technologies 7 and 10). Since the boiler technology
remains essentially unchanged, a co-firing boiler is
about as efficient as a purely coal-fired one, though
efficiency may drop a few percent when burning gas
(18). The CO,reductions result mostly from the fact
that natural gas has less carbon. A co-firing plant
burning 25 percent gas and 75 percent coal would
emit about 10 to 15 percent less CO,than a pure
coal-burning plant. Burning 50 percent natural gas
would lower emissions by 20 to 25 percent.

Fuel switching, however, is not without its prob-
lems. The major one is that it can deplete gas
reserves and strain the gas pipeline distribution
network. This fact is especially germane since
several other strategies discussed in this report rely
on increased gas use. Just how much natural gas
exists is poorly quantified, If natural gas does
become a “lynch pin” of domestic or global CO,
reduction strategy, demand and prices could rise to
very high levels. Increased use of natural gas also
carries with it the risk of increased leakages of
methane.

One additional control option is theoretically
possible-the removal of CO,from combustion
exhaust gases for disposal in the deep oceans or
wells. Box 3-B discusses this concept, which we do
not consider to be a feasible near-term alternative.

Electricity Transmission and Distribution
I mprovements

The electricity transmission and distribution (T&D)
system connects the producer of electricity with
consumers. During T&D, a certain amount of
electricity is lost due to resistance as well as
inefficient operation and maintenance of the distri-
bution network. This loss averages 5 to 10 percent in

the developed countries (83). The United States
loses roughly 8 percent of its electricity in T&D (14).

In developing countries, Eastern Europe, and the
U.S. S. R, T&D losses can be much higher. Losses in
developing countries commonly exceed 20 percent
(India, for example, loses 21 percent (66) and some
countries report losses as high as 30 percent between
generation and delivery (83; also seech 9)). Lessis
known about the T&D losses in Eastern Europe.
Still, alarge number of cost-effective opportunities
exist to reduce losses.” The one limitation is that in
some countries up to half the T&D loss maybe from
theft (66). Eliminating theft could be more difficult
than eliminating other losses (and might not lower
overall demand very much).

Transmission and distribution systems also affect
the ability of low-emission generators to fill the need
for electric power. Many of the opportunities for
relatively low emission power generation are remote
from existing transmission facilities. Geothermal
and wind resources, for example, are often located
far from existing lines. Similarly, one region may
have excess hydroelectric or nuclear capacity at the
same time another region is experiencing a power
shortfall and being forced to burn more fossil fuels. *

OTA EMISSION REDUCTION
SCENARIOS

OTA developed a simple energy accounting
model that allows us to estimate the effectiveness of
various technical options for lowering CO,emis-
sions (see app. A). The model is based on a much
larger system of energy and economic models used
by the Gas Research Institute (GRI) to forecast
energy use through 2010 (29).

About 35 percent of total U.S. CO,emissions
comes from fossil fuels burned to generate electric-
ity. By 2015, this might increase to 45 percent. In
this section we examine how changes in supply-side
characteristics can lower CO,emissions from elec-
tricity generation. We class@ supply-side options
into two categoriess’ ‘Moderate’ measures and
more aggressive and costly ‘‘Tough’ measures.
Because supply-side options will have different
effects depending on the demand for electricity,
however, we frost review our estimates of electricity

150ne World Bank StUClY, fOF example, notes that ** Wit realistic limits, for many distribution systems, J0SS reductionis a far cheaper alternative
than adding new generating and bulk transmission capacity” (44,66). For examples with rapid paybacks in the United States, see ref. 43.
160ptions relating to these issues are discussed in arecent OTA report (71).
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Box 3-B-Carbon Dioxide Scrubbing

I'n addition to reducing CO,emissions from fossil-fuel-fired plants by using more efficient combustion
technologies and fuel switching, it is also possible to remove CO,from flue gases and liquefy--through a process
known as “scrubbing.” Theoretically one could pump the liquefied CO,through pipelines to disposal sites, for
example, the deep ocean, where it is hoped it will remain rather than entering the atmosphere. While each individual
component appears technically feasible, the entire system has never been tried. We do not consider CO,scrubbing
asone of our near-term technical options, but the concept merits further research.

Carbon dioxide scrubbing basically involves:

. compressing and cooling the stack gases;

. removing CO0,from the gases via a reaction with a solvent solution;

. heating and steam-stripping the CO,-enriched solution to reverse the reaction, yielding uncondensed steam

and CO;;

. condensing and removing water vapor, leaving the recovered CO,; and

. compressing and liquefying the recovered CO,.

The Department of Energy (DOE) examined the feasibility of using scrubber systems at all fossil-fuel-fired
powerplants operating as of 1980 (74a). To remove 90 percent of CO,emissions would require about 11 to 16
percent of total electrical power capacity in gas- and coal-burning regions, respectively. Electricity production costs
would increase between 50 and 120 percent, depending on the region, averaging 75 percent nationwide. About 85
to 90 percent of the cost was for removal, recovery, and liquefaction; the remainder was for pumping liquefied CO,
through pipelines for disposal.

DOE suggested three possible disposal methods for liquefied CO,—1) injection in the deep ocean (i.e, at least
500 meters deep, 100 miles offshore); 2) storage in depleted oil and gas wells; and 3) storage in excavated salt
caverns. Some concern has been expressed over whether 500 meters is deep enough for permanent ocean disposal;
injection to 3,000 meters would require a 200-mile pipeline. For any of these methods, DOE envisioned carrying
the recovered liquefied CO,in small (6-inch diameter) pipelines from each powerplant to collection centers, and
then carrying it from the centers to ultimate disposal sites in larger (36-inch diameter) pipelines. DOE concluded
that most of the CO,would have to be disposed of in the ocean.

A recent study in the Netherlands (27a), however, suggests that the increased electricity costs might be
less-perhaps half as much per kWh--if an intermediate gas product from an Integrated Gasification, Combined
Cycle (IGCC) powerplant is used (technology 12 in table 3-5). This process involves:

. using a gasifier to convert coal into heat and a gas composed primarily of hydrogen (H,) and carbon

monoxide (CO);

. converting the CO to CO,using an iron-chromium or nickel-chromium catalyst (the H,would subsequently

be used as fuel in the combined cycle process); ) ) )

. recovering CO,from the gas mixture by using a physical absorption process, with a solvent known as

selexol; and

. drying and compressing the CO,.

To remove 88 percent of the CO,from the exhaust gas, about 13 percent of the plant’s electrical production
would be needed to run the system. Electricity production costs would rise about 25 percent for recovery and
compression and an additional 5 to 10 percent for pumping to final disposal sites. (For the Netherlands, exhausted
natural gas fields were proposed as disposal sites.)

demand over the next 25 years under our model’s
alternative demand-side scenarios.

Alternative Scenarios of Demand for
Electicity
Under OTA’'s Base case scenario, €electricity

demand grows from about 2.7 trillion kWh in 1990
to 4.6 trillion kwWh by 2015, an average increase of

about 2.2 percent per year. In this and later chapters,
we present two other scenarios of energy demand:
one lowers demand by imposing a series of Moder-
ate demand-side measures; a second lowers demand
even further through an ambitious set of Tough
demand-side measures. Under the Moderate sce-
nario, demand for electricity is held to 3,4 trillion
kWh by 2015, an average increase of 1.0 percent per
year over the next two decades (see figure 3-5), The
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Figure 3-5-OTA Electricity Demand Scenarios

Energy demand (billion kWh/year)
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NOTE: Scenarios of electricity demand are discussed in detail in chs. 4
through 6 (Buildings, Transportation, and Manufacturing). For the
analysis of electricity supply-side measures discussed in this
chapter, we have summed demand from each of these sectors.

SOURCE: Office of Technology Assessment, 1991.

measures used initially require some capital invest-
ment, but result in lower fuel costs in the future. Over
the life of the investment, these measures cost little
or even save money.

The Tough measures lower energy demand even
further, but only at a higher cost for the same or
similar service. In this scenario, demand for electric-
ity in 2015 is 2.2 trillion kWh-somewhat |ower
than demand in 1990 (see figure 3-5). Demand drops
fairly sharply until about 2005 and then begins to
rise again. Existing generating capacity is adequate
to meet demand until sometime between 2015 and
2020. Descriptions of the sector-specific technical
options that lower demand from the Base case in
each of the two scenarios are included in chapters 4
through 6.

Emissions generally reflect eectricity demand,
with some variation due to the changing mix of fossil
and nonfossil sources through time. The changing
mix is especially important in the Tough demand
scenario. Because demand for electricity in this
scenario is less than potential supply from existing
plants, fossil sources can be idled and hydropower
and nuclear sources can supply alarger fraction of
total supply. Thus, CO,emissions decline in the
Tough demand scenario because both electricity
demand and CO,emission rates (pounds of carbon
per kWh) are lower than they are today.

Technical Options for Lowering CO,
Emissions From Electricity Generation

As mentioned, we also categorize methods for
lowering CO,emissions from the supply side (i.e.,
from utilities) as Moderate or Tough, thus creating
two alternatives to the Base case or business-as-
usual supply-side scenario. We evaluate Base case,
Moderate and Tough supply-side options for each of
the three demand-side scenarios to create nine
possible approaches to emission reductions (see
figure 3-6). The highest CO,emissions (twice 1987
levels by 2015) will occur under the combined
business-as-usual scenarios-demand for electricity
follows Base case projections with no supply-side
changes. Still assuming the base case demand for
electricity, Moderate supply-side measures will
limit the growth of emissions somewhat, to about a
75 percent increase above 1987 levels by 2015;
Tough supply-side measures can hold emissions to
about a 45 percent increase by 2015.

Supply-side measures have somewhat greater
impacts under the Moderate demand scenario. With
no supply-side changes (i.e., only lowered demand),
emissions will increase by about 45 percent by 2015.
By adopting Moderate supply-side measures as well,
emissions will increase by only about 25 percent.
Tough electricity supply-side measures in combina-
tion with Moderate demand for electricity can lower
emissions to about 20 percent below 1987 levels by
2015.

Supply-side measures have slightly lower effects
under the Tough electricity demand scenario. The
Tough demand scenario alone (i.e., with no change
in supply-side technologies) will lower emissions to
about 20 percent below 1987 emissions by 2015. By
adopting Moderate supply-side measures in addi-
tion, emissions can be lowered to 30 percent below
1987 levels by 2015. Tough supply-side measures
can cut emissions to about half of 1987 levels by
2015.

In each of the supply-side scenarios, we examine
measures that apply to existing sources, measures
that apply to new sources, and measures that require
early retirement of existing sources with more
stringent requirements for the replacement sources
(see table 3-6).

Technical options for lowering emissions from
existing plants include:
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Figure 3-6--CO,Emissions From Electricity
Generation Under the OTA Demand and
Supply Scenarios

Increase or decrease from 1987 levels (percent)
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Electricity supply-side measures
SOURCE: Office of Technology Assessment, 1991,

1. increased utilization of nuclear powerplants,

2. increased efficiency of fossil-fuel-fired plants
through improved maintenance practices,

3. substituting natural gas for some fraction of the
fuel burned in coal-fired powerplants, and

4. increasing the output from hydroelectric plants.

For lowering emissions from new plants, the
options that we consider include:

1. increased reliance on such renewable energy
sources as hydropower, geothermal, biomass,
and solar energy;

2. revitalizing the nuclear industry so that the next
generation of nuclear power technology is
ready for use by 2005; and

3. limiting the number of new coal-fired power-
plants in the base case demand scenario and
declaring a moratorium on coal-fired power-
plants in both lower demand scenarios, with
natural gas being the fossil fuel of choice until
2015.

i

Photo credit: U.S. Department of Energy

This demonstration project at Idaho Falls, Idaho,
consists of redeveloping the city’s three existing
hydroelectric powerplant sites. The three sites
will receive new turbines that are economical
for small-scale, low-head hydroelectric power
generation. The technology can be used
immediately; it does not need extensive
research and development.

We classify four of the technical options above as
Moderate, that is, able to reduce emissions at little or
no cost over the life of the investment. These
include:

1. modestly improving the efficiency of existing
fossil-fuel-fried plants (about a 5-percent im-
provement from better maintenance and dis-
patching procedures),”

2. increasing the output of existing hydroelectric
plants (by about 11 percent, primarily by
adding additional generating units to capture
energy from water currently bypassing the
plants),”

3. increasing utilization of existing nuclear pow-
erplants (from 60 percent of the time, on
average, to 70 percent)”as well as lengthening
their useful life to 45 years, and

4. using the most efficient generating technolo-
gies for new fossil-fuel-fired poweplants.”

We classify three of the supply-side options as
Tough, that is, technically feasible but not without
extra cost. The first is to regulate the mix of new
plants being built with the goal of using nonfossil
electricity sources whenever possible, or using
natural gas rather than coal when it is not feasible or

17An Electric power Research Institute (EPRI) survey estimated that cost-effective improvements of about 4 percent were achievable (16).

16The U.S. Army Corps Of Engineers (12) estimated that by addin
approximately 1,300 existing hydroelectric plants in the United States, output COU

replacing, or modifying generating units af between 165 and 300 of the
be increased by 10 t0 12 percent in a cost-effective manner.

19Nuclear plants in DOt Japan and Western Europe operate about 75 percent of the time (23).

204 state-of-the-art pulverized coal plant will emit 10 per-cent less CO, than a conventional new plant. US@ cost data from EPRI (15), generating
glectricity from a state-of-the-art coal plant may actually be afew percent cheaper than generation costs from anew conventional plant, after fuel savings
are included. A combined cycle gas turbine emits about 45 percent less CO, than a conventional one. If used for more than infrequent peaking power,

the higher capital costs are justifed by lower fuel costs.
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extremely costly. We assume that between 20 and 45
percent of new powerplants will use nonfossil
energy sources (depending on the demand for new
construction), as compared to about 10 percent in the
Base case. Most utilities would likely choose
renewable energy sources—primarily wind power,
hydroel ectric power, and biomass—rather than nu-
clear powerplants, However, we also assume that by
2000 new and safer designs for nuclear powerplants
will be available and able to meet some of this
demand within the next decade.

As a second Tough option, we force existing
fossil-fuel-fired plants to retire after 40 years of
operation. In the absence of new regulations, exist-
ing utility boilers will probably last between 55 and
65 years before they are retired (83). Early retire-
ment, combined with a moratorium on replacement
with coal, will remove inefficient plants and open up
additional opportunities for nonfossil energy sources
as well as additional gas-fired generation. Public
utility commissions typically allow a utility to
recover capital costs of building a new plant over a
30-year period, Thus, if a utility isforced to retire the
plant at any time after 30 years, it will have already
paid off the stockholders and bondholders who paid
for the plant. The additional costs incurred by early
retirement and rebuilding will be paid by the

ratepayers.

We assume that there are limits on the amount of
electricity that can be generated from both nonfossil
energy sources and natural gas. After reviewing
projections by the national laboratories for DOE (47,
59) and others, we believe that 100 GW is a
reasonable estimate of the potential for nonfossil
sources between 2000 and 2015 under a high
demand scenario. This is equal to about half of
today’s total nuclear and hydroelectric capacity. We
assume that under slower growth, fewer nonfossil
plants are likely to be built, though the percentage of
new plants using nonfossil sources will be higher.
Natural gas is limited to an increase of 3 quads above
the Base case-about twice today’s consumption of
natural gas by utilities (and about 15 percent of

forecasted total gas use by 2015). Under the
Moderate and Tough demand scenarios, the need for
new plants is low enough that a moratorium on
construction of new coal plants is possible through
2015. Under the Base case demand scenario, some
new coal plants must be built.

A third Tough alternative is to use some of the
additional 3 quads of natural gas to lower emissions
from existing coal-fired powerplants. This can be
accomplished by either gas co-firing, (i.e., simulta-
neously burning both gas and coal) or by switching
back and forth between gas and coal intermittently
(e.g., gas could be used in the summer when demand
from other uses is low). Under the Base case demand
scenario, we alow natural gas to substitute for up to
20 percent of coal use in existing plants. Under the
Tough demand scenario, we alow natural gas to
substitute for 50 percent of coal use.

The Effects of Supply Changes Under the
OTA Base Case Demand Scenario

Under the OTA Base case supply and demand
scenarios CO,emissions from electricity generation
are 35 percent higher than 1987 levels by 2000 and
almost 100 percent higher than 1987 levels by 2015.
By 2015, 435 GW of new electric generating
capacity must be built to meet demand that is in-
creasing at an average rate of 2.2 percent per year.”
(Current U.S. generating capacity is about 680 GW.)
About 10 percent (43 GW) of this new capacity uses
nonfossil sources and thus would lead to little or no
increase in CO,emissions. About 60 to 75 percent
of each year’s new construction is coal-fired and 15
to 25 percent uses natural gas. The relative shares of
each of the generating technologies for new con-
struction in this Base case scenario closely follows
the projections developed by GRI (29).

The Moderate supply-side measures discussed
above achieve CO,reductions of about 11 percent of
1987 levels by 2000, assuming all existing plant
improvements are made by that time. By 2015, the
combination of efficiency performance standardsin
plants built after 2000 and the effects of the nuclear

2INote that the Gas Research Institute (GRI) model used as a basis for the OTA analysis forecasts that electricity demand will increase at about 1.5
percent per year through 2010. Thisis about 0.5t0 1.0 percent |OWer than most other forecasts. The primary reason is that the Grr model uses a “bottom
up’ approach, that is, it forecasts the demand for electricity from current goods and services-the televisions and electric water heaters in our homes,
lightsin our offices, and the energy to manufacture electricity-intensive goods and materials such as chemicals and aluminum. However, just as 10 years
ago a bottom up forecast would have missed the demand for electricity from personal computers and FAX machines, so too is the GRI forecast likely
to miss demand from new products by 2000. OTA has added an extra increment of demand—0.75 percent per year--on top of the GRI forecast in our
base case. Thisresults in electricity demand growing at about 2.2 percent per year, an estimate much closer in line with those forecasts that use a statistical
‘‘top down’ approach to forecast demand using recent economic and energy use trends.
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Maintenance crews performing a routine inspection of a
small wind turbine.

plant life extension boost reductions to about 21
percent of 1987 levels. Thus, the Moderate measures
lower emissions from about a 100 percent increase
above 1987 levels in the Base case to about a
77-percent increase above 1987 levels by 2015.

In our Tough scenario, we require all fossil fuel
plants to retire after 40 years and limit the amount of
construction of new coal plants to 50 percent of total
new builds. About 100 GW of nonfossil sources are
built between 2000 and 2015. This amounts to about
20 percent of the new plants needed to replace retired
facilities and to meet increasing demand for electric-
ity. The Tough measures yield reductions of about
31 percent of 1987 levels by 2015. Combined with
the Moderate measures, utility emissions are held to
a 45-percent increase above 1987 levels by 2015.

The Effects of Supply Changes Under the
OTA Moderate Demand Scenario

Under the OTA Moderate demand case, CO,
emissions from electricity generation are about 10
percent higher than 1987 levels by 2000 and 45

Figure 3-7--C0,Emissions Reductions From
Moderate Supply-side Measures, Expressed as a
Percentage of 1987 Electricity y Emissions,
Under the Moderate Demand Scenario
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SOURCE: Office of Technology Asessment, 1991.

percent higher than 1987 levels by 2015. Emissions
are lower than under the Base case demand scenario,
reflecting a relatively lower consumption of electric-
ity and a greatly reduced need for new generating
capacity (35 percent of requirements under the base
case demand scenario). Nevertheless, by 2015, 160
GW of new €lectric generating capacity must be
built to meet increasing demand. Similar to the Base
case demand scenario, we assume that most of the
new capacity would be fossil-fuel-fired, with about
60 to 75 percent of each year's new construction
using coal and 15 to 25 percent using natural gas.
About 10 percent of new plants use nonfossil energy
SOurces.

By implementing our Moderate supply-side meas-
ures, additional reductions equal to about 10 percent
of 1987 levels can be achieved by 2000. Almost half
of the additional reductions comes from improving
the efficiency of existing fossil-fuel-fired plants,
one-third from increased utilization at nuclear pow-
erplants and the remainder from improvements at
existing hydroelectric facilities (see figure 3-7).

By 2015, the Moderate supply-side measures
achieve reductions equal to about 19 percent of 1987
levels. Most of the additional improvement comes
from extending the lifetimes of nuclear powerplants
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Figure 3-8—CO,Emissions Reductions From Tough Supply-side Measures, Expressed as a Percentage of
1987 Electricity y Emissions, Under the Moderate and Tough Demand Scenarios
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thereby avoiding replacement with coal-fired ones.
Efficiency performance standards for new coal- and
gas-fired powerplants have only a modest effect (see
figure 3-7), in part because the need for new
construction is already much reduced under this
scenario. The combination of Moderate demand
measures and Moderate supply-side measures holds
utility emissions to about a 25-percent increase
above 1987 levels by 2015 (as compared to a 100
percent increase under Base case supply and de-
mand).

Again, we considered Tough supply-side options
that are technically feasible but not without extra
cost. A series of Tough options together can achieve
reductions equal to about 45 percent of 1987
emissions by 2015 (see figure 3-8). These measures
include, first, accelerating the replacement of older,
higher emitting facilities by requiring all fossil fuel
plantsto retire after 40 years of operation. Next, we
regulate the mix of new plants being built with the
goal of building nonfossil sources whenever possi-
ble. When it is not feasible or extremely costly,
natural gas is chosen for fuel (i.e., we impose a
moratorium on the construction of new coal-fired
power-plants from 2000 through 2015). About 30
percent of new electricity demand is met by nonfos-
sil sources (85 GW between 2000 and 2015).

Figure 3-8 also illustrates the relative importance
of each of these and other Tough measures one at a
time. Changing the mix of new plants (i.e., no coa,
40 percent nonfossil sources, and the remainder
natural gas) achieves reductions equal to about 12
percent of 1987 levels by 2015. Forcing oil and
natural gas plants to retire after 40 years (and
replacing them with the mix of new plants listed
above) achieves another 9 percent reduction. Co-
firing existing coal plants with 25 percent natural gas
can achieve another 8 to 9 percent reduction. Note
that this last option is the only one of the Tough
supply-side measures that can achieve significant
reductions by 2000.

The combination of Moderate demand, Moderate
supply-side measures, and all Tough supply-side
measures except natural gas co-firing lowers utility
CO,emissions to about 20 percent below 1987
levels by 2015. Demand for electricity under this
scenario is too great to allow both natural gas
co-firing and 40-year retirement of all fossil fuel
sources, and hold the increased demand for natural
gasto below 3 quads.

The Effects of Supply Changes Under the
OTA Tough Demand Scenario

Under the Tough demand scenario, with no
additional supply-side measures, emissions drop to
10 percent below 1987 levels due to lowered demand
alone. No new plants are needed before 2010. Thus,



102 . Changing by Degrees. Steps To Reduce Greenhouse Gases

supply-side measures that apply to existing facilities
(i.e., efficiency improvements and gas co-firing) can
still lower emissions, but measures relevant to new
plants have no effect unless existing plants are
retired early. The effect of’ the Moderate supply-side
measures is about the same under this scenario as
under the other two. All Moderate measures together
achieve reductions equal to about 8 percent of 1987
levels by 2000 and 18 percent by 2015 (see figure
3-8).

By adopting a package of Tough supply-side
measures, additional reductions of 10 percent of
1987 levels by 2000 and 21 percent by 2015 are
possible. These measures include: co-fining of all
existing coal-fired plants with 50 percent natural
gas, forced retirement of al fossil fuel plants after 40
years of operation, and altering the mix of new plants
to 45 percent nonfossil sources and the remainder
gas-fired. All of the reductions in 2000 come from
co-firing existing units (see figure 3-8). By 2015,
somewhat over half of the Tough measure reduc-
tions come from the combination of early retirement
of fossil sources and their replacement with new
nonfossil and natural gas-fried plants.

The combination of Tough demand measures and
all Moderate and Tough supply-side measures low-
ers utility CO,emissions to about 50 percent below
1987 levels by 2015.

Summary of Emissions Reductions From the
OTA Electricity Supply Scenarios

Figure 3-9 summarizes the aggregated effects of
the Moderate supply-side measures (under the Base
case and Moderate demand scenarios) and Tough
supply-side measures (under the Moderate and
Tough demand scenarios) through 2015. Note that
under the two scenarios with Moderate supply-side
measures, emissions continue to rise after 2000,
though at a slower rate than under the Base case.
Under the scenarios with Tough supply-side meas-
ures, emissions drop to 1987 levels or below by 2000
and continue to decline through 2015.

Figure 3-10 displays fuel consumed by electric
utilities under the Base case and severa scenarios by
2015. Under the Base case, coal use grows from
about 55 percent of total fuel use to about 65 percent.
Under the scenario of Moderate supply-side meas-
ures and Moderate demand for electricity, the mix of

Figure 3-9--CO,Emissions From Electricity
Generation Under the Base Case and Selected
Control Scenarios, By Year
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fuels remains quite similar to today’s mix, but the
total increases about 25 percent above 1987 levels.
Under both scenarios with Tough supply-side con-
trols, coal use falls to about 25 percent of the total
and the share of nonfossil sources rises to about 50
percent.

Costs of the Tough Electricity Supply Scenario

We estimate that the Tough electricity supply-
-side scenario will cost about $35 hillion per year
(1987 dollars) by the year 2015, assuming it is
implemented along with all Tough demand meas-
ures. This is the cost of the Tough supply-side
measures alone and does not include the costs of
lowering electricity demand. (These are presented in
chs. 4 through 6.)

About half of the costs come from co-firing
existing coa plants with natural gas. By 2015,
natural gas is forecasted to cost over three times
more than coal on an energy equivalent basis. The
remaining costs come from forcing existing fossil-fuel-
fired plants to retire after 40 years of operation and
replacing them with natural gas and nonfossil
sources. Forcing the coal plants to retire early and
replacing them with highly efficient natural gas-
fired combined cycle turbines could increase elec-
tricity costs at affected plants by $0.04 to $0.05 per
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Figure 3-10—Fuel Use By Electric Utilities In 2015
Under the Base-Case and Selected Control Scenarios,
By Year
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kWh.*However, forcing existing oil and natural gas
plants to retire early saves money—about $0.01 to
$0.02 per kwh-because the replacement facilities
are so much more efficient. We have assumed that
the cost of electricity from nonfossil sources (either
renewable sources or nuclear power) will be compa-
rable to natural gas-fired combined cycle turbines.

The cost effectiveness of early retirement of
existing fossil-fuel-fired sources and replacement
with natural gas and nonfossil sources is about $280
per ton of carbon eliminated. The cost effectiveness
of co-firing existing coal plants with natural gas is
about $510 per ton of carbon.

POLICY OPTIONS

A variety of policy options can be used to
implement the technical options to lower green-
house gas emissions. Overarching approaches in-
clude: 1) energy and emissions taxes and tax
incentives, 2) marketable emission permits, and 3)
research and development on lower emitting tech-
nologies. Many of these themes will be addressed
again in chapters on individual emission sources

(see chs. 4 through 6). Broad approaches such as
energy and carbon taxes or marketable emission
permits have the advantage of affecting all emitters
simultaneously, but their effects are extremely
difficult to predict. They can be adopted alone or in
concert with source-specific options (e.g., appliance
or automobile efficiency standards).

Options specific to the energy industries include:
1) ways to lower emissions associated with the
extraction and delivery of fossils fuels, and 2)
options for controlling the amount of CO,emitted
per kilowatt-hour of eectricity generated. Sector-
specific options for lowering the demand for energy
are discussed in chapters 4 through 6.

Energy Taxes and Tax I ncentives

Congress could impose direct financial burdens
(or benefits) on energy to curtail the use of energy
sources that are major contributors of greenhouse
gases. Two options that have been proposed are a
general energy tax and a carbon tax. Whereas a
general energy tax might be based on, say, the Btu
content of energy sources, a carbon tax would be
calculated on carbon emissions. Under such a
formula, the tax would be highest on coal, low for
natural gas, and zero for noncarbon sources.” The
carbon tax is a particularly effective way of levying
the heaviest economic sanctions against the worst
emitters of CO,. Either type of tax would lower
energy users’ overall demand. A carbon tax would
also change the mix of energy sources in the
economy. It would stimulate greater demand for
natural gas relative to other fossil fuels. That, in turn,
most certainly would drive natural gas prospecting
and resource recovery technology development. It
could also provide added motivation to develop
more noncarbon energy sources and more quickly
bring on line existing low-carbon technologies such
as natural gas-fired combined cycle turbines.

Using several econometric models, the Congress-
sional Budget Office (CBO) estimated that a carbon
tax of $100 per ton would, at minimum, hold CO,
emissions to just about current levels and might
lower them as much as 25 percent below current

22Note, however, that this estimate is very sensitive to forecasted natural gas prices. The increase would be about $0.03 to $0.04 per kWh assuming
2010 prices. Note also, that once these existing facilities retire, costsinustbe compared to repliacement coal plants. Electricity costs from new coa-find
powerplants would be about $0,02 per kWh less than electricity from natural gas-fired combined cvcle turbines assuming our 2015 prices and about $0.01

per kWh less assuming 2010 prices,

Congress would have to JECIGE whether to tax biomass fuels. Though biomass fuels emit carbon, if fuelsare used ona sustainable basis, the carbon

emitted will be recaptured over the next few decades, Ideally, fuels grown sustainably would be exempt from atax but those harvested with no provisions
for replanting would be taxed at arate similar to coal, In practice, this would be extremely difficult.
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levels by 2000 (66a). By the end of the first decade,
the Gross National Product (GNP) would be lowered
by about 0.5 to 2.0 percent (about $40 to $130 billion
per year), though the GNP effects over the first few
years of a suddenly instituted policy could be 5
percent or more.

CBO looked at two different economic models
that forecast energy use past 2000, one used by the
Environmental Protection Agency (EPA) and the
other by the Electric Power Research Institute
(EPRI). Although they widely diverge by 2100,
primarily due to assumptions about Base case
growth, at 2015 they are reasonably similar to each
other and to our own base case and thus offer a useful
comparison of reductions and costs. The EPA model
forecasts that holding emissions to 10 to 15 percent
below current levels would lower GNP by about 1 to
1.3 percent by the year 2015. The EPRI model
forecasts that holding emissions to 20 percent below
current levels would lower GNP by about 3 percent
by that year.

Congress might also choose to adopt a modified
carbon tax that reflects methane emissions in addi-
tion to emissions of CO,. Such atax would still favor
natural gas, but not quite as much as when methane
emissions are ignored.

Qil and gas producers presently benefit from tax
incentives (e.g., through write-offs of intangible
drilling costs and a depletion allowance for small
producers). During the 1970s the depletion allow-
ance was eliminated for large producers and signifi-
cantly reduced for small producers. New tax incen-
tives could be structured such that taxes decrease as
carbon content decreases. This would help make
natural gas (the lowest carbon-emitting fossil fuel)
more economically competitive, stimulate the
search for new sources, and spur development of
techniques for producing unconventional gas. Thus,
an appropriately crafted package of tax incentives
focused on natural gas would increase its role in the
U.S. energy system. If gas replaced some coal and
oil, CO,emissions would also be reduced. The
primary difficulty with tax incentives is that as the
price of natural gasisreduced, the incentivesfor its
efficient use also decrease.

Tax incentives could also be used to encourage
electric utilities to use high-efficiency gas turbines.
Turbines historically have had shorter life spans than
conventional plants. A tax incentive program based

on efficiency could reduce the overall cost of using
the most efficient turbines. Similarly, cogeneration
activities could be made more attractive with tax
incentives.

Marketable Permits

Another market mechanism that can be used to
control CO,emissions is the marketable emission
permit, an approach recently applied to control use
of CFCs and to limit emissions of sulfur dioxide to
control acid rain.

This regulatory mechanism, like carbon taxes, is
simple in theory. The government issues a limited
number of permits to energy users allowing a certain
level of carbon emissions. More permits would be
needed to burn coal than natural gas to produce the
same amount of energy, Permits can be bought and
sold on the open market.

As the economy expands and the demand for
energy rises, the price of a carbon permit will rise to
reflect the cost of holding emissions at alevel fixed
by policymakers. Holders of permits will find ways
to lower emissions (e.g., purchase more efficient
equipment, switch from coal to natural gas, €tc.) so
that they can sell their permits (at a profit) to others.
In theory, the effective price of fossil fuels (the cost
of the fuel plus the cost of the emission permit) will
rise just high enough to meet the allowed carbon
emission target. Just how high prices will rise,
however, is difficult to forecast.

With a carbon tax, the increased cost of fossil
fuels brings about similar results (more efficient
equipment and fuel switching), but the exact level of
emissions is difficult to predict. Theoretically, the
two approaches should yield the same result. If a
carbon tax of $100 per ton can lower emissions to 10
percent below current levels by the year 2000,
issuing marketable permits equivalent to emissions
10 percent below current levels should result in the
price of permitsrising to $100 per ton. Taxes allow
more certain control over price. Permits offer more
certain control over emissions.

Marketable permits can be required for all fossil
fuel users or only large users such as utilities,
factories, and even large commercial installations.
For some uses (e.g., gasoline) regulations can be
written so that permits are required for wholesalers,
rather than individual end users (i.e., drivers).
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A marketable permit system that applies to
utilities is discussed below (see ‘‘Improving Elec-
tricity Supply”).

Increase Research Development and
Demonstration Efforts

Over the last decade, Federal funding for renew-
able energy research development and demonstra-
tion (RD&D) has fallen rapidly (see figure 3-1 1).
Expressed in constant dollars, the 1990 combined
energy technology RD&D budgets were less than
half of what they were in 1980. Several recent
studies have suggested that for a comparatively
small increase in investment, the Federal Govern-
ment could significantly hasten the development and
deployment of technologies that would reduce
greenhouse gas emissions. A study by the Oak Ridge
National Laboratory (ORNL) (47) recommends that
the government and major energy industry research
groups-namely the Electric Power Research Insti-
tute and the Gas Research | nstitute-increase spend-
ing levels by about a third over 1988 combined
RD&D budgets (to alevel that is still below the 1980
combined budgets). Improved energy efficiency and
nuclear power are considered the two most promis-
ing RD&D approaches to achieving major reduc-
tions in CO,emissions.

The Solar Energy Research Ingtitute (SERI)
reached somewhat different conclusions about where
to spend the money. In a 1990 report (59), SERI
focused strictly on nonnuclear, nonfossil energy
sources. Nevertheless, it came to many of the same
conclusions as ORNL about how much energy
nonfossil-fuel sources could be contributing to the
U.S. economy over the next 20 to 40 years. In the
SERI Business-as-Usual scenario, nonfossil sources
contribute 15 percent of U.S. energy supply in 2030.
ORNL's “Base Case” projected a 5 percent contri-
bution by 2020. In SERI's “Intensified R&D"
scenario, the nonfossil contribution in 2030 is about
30 percent. In the “High Efficiency’ scenario for
ORNL, that figure is about 35 percent.

At the very least, increased governmental RD& D
activity could result in some reduction in greenhouse
gas emissions if some of the fossil fuel conversion
technologies now in testing phases could be brought
on line sooner. The development of a commercial
fuel cell, could for example, lower CO,emissions
per unit of energy from electricity generation. In
addition, even if the role of nuclear power in the

Figure 3-1 1—US. Energy Technology Research and
Development Budgets, 1978-88
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energy supply system is to continue at a modest
level, research into better designs, waste disposal,
and related issues will have to continue. Of particu-
lar interest is the development and prototyping of
advanced reactors with *‘passively safe’ features.

Renewable energy sources face a host of technical
and institutional barriers that increased R&D sup-
port could help overcome. In addition to supporting
efforts to develop some of the more promising
technologies (e.g., storage technologies for solar-
electricity, biomass-driven turbines, and variable-
speed wind turbines), government actions could
reduce the risk of new technologies and help
integrate renewable in existing energy systems. The
former could be achieved with demonstration proj-
ects or, perhaps, government-backed loans. Both
SERI and ORNL concluded that the Federal budget
in this area was only about half of what it should be.

Increased resource characterization could also
help reduce CO,emissions. For wind, geothermal,
solar, and natural gas to play a bigger role in meeting
global energy needs, it is vital to improve prospect-
ing techniques and expand what is known about
these resources potential. In some instances, in-
creased demand for an energy source or a properly
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Photo credit: U.S. Department of Energy

The south-facing roof of Georgetown University’s
Intercultural Center supports a 300 kilowatt photovoltaic
power system, the largest roof-mounted photovoltaic
system in the world consisting of over 4,400 PV
modules. Electricity generated by the roof is
channeled into the local power grid.

designed tax structure will provide an adequate
incentive for the private sector to undertake pros-
pecting on its own. In other cases, however, market
forces alone may not provide enough incentive. It
could be difflcult to keep information on, for
example, wind or geothermal resources proprietary.
The financial commitment necessary for extensive
exploration might be prohibitive. The government
could perform, subsidize, and provide regulatory
incentives for resource assessment.

If natural gasisto play a significant role in CO,
emission reductions, it is important to find ways of
retrieving ‘‘unconventional’ gas reserves, geologic
reservoirs that hold significant amounts of the
resource but are difficult to exploit for one reason or
another. Accelerated development of |eak-resistant
transportation systems could also be encouraged.

Plugging the Leaks in the Existing System

The present energy supply system could be
tightened to reduce energy and methane losses. As
noted earlier, significant electricity losses occur
during transmission and distribution. Better infor-
mation is needed on the extent and nature of these
losses worldwide, particularly in non-OECD coun-
tries. Assistance in the form of money, equipment,
or expertise could help reduce losses in these
countries.

Some fossil fuel is lost during geologic extraction
and transport to the end user. Leaked gas is of
particular concern because of its contribution (of
methane) to the greenhouse effect. Several actions

could help reduce the amount of emissions from
natural gas extraction and delivery, oil extraction,
and coal mining. Regulations against venting gasin
the United States have effectively limited the release
of’ methane to the atmosphere in this country. The
U.S. rateis about 0.5 percent of annual production of
natural gas (83). The United States could encourage
other nations to follow suit. The United States also
has a well-devel oped infrastructure to transport and
sdll gas with little leakage. Development aid to other
nations (see ch. 9) could support their construction
of the requisite infrastructure. The United States
could also export the technology and *‘ know-how’
to deal with unwanted gas without releasing it to the
atmosphere. Such techniques, like the reinfection of
gas into oil wells, have been developed here in
association with production in remote locations,
most notably Alaska (83).

Improved data is needed on methane emissions
through leakage, particularly in non-OECD coun-
tries. Better and more meters to track gas distribu-
tion, along with improved monitoring practices,
could provide information crucia to formulating
response strategies for all sectors using natural gas
in these countries. Finally, incentives are needed
(both financial and regulatory) for the devel opment
of technology to capture coal seam methane.

Improving Electricity Supply: Meeting
Demand With Lower CO,Emissions

Emissions of CO,from utilities can be lowered in
two ways: by reducing demand for e ectricity, and
by changing supply characteristics to lower the rate
of emissions (i.e., pounds of CO,per kilowatt of
electricity generated). This section focuses exclu-
sively on the latter approach, presenting policy
options for encouraging more efficient use of current
powerplants, use of fuels with inherently lower CO,
emissions, and use of nonfossil energy sources.
Demand-side management programs are discussed
briefly in box 3-C and in greater detail in chapter 4.

We present options designed for existing plants
and for those not yet built, as well as a set of overall
policies that affect all plants.

Measures That Apply to Existing Plants

Earlier we presented three “Moderate” technical
options that can lower CO,emissions from existing
plants at little or no additional cost when averaged
over the life of the program. These include:
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Box 3-C--Electric Utility Demand-Side Management Programs

Utility planners are already beginning to look at ways to encourage the adoption of energy conservation
measures among residential, commercial, and industrial ratepayers as a way to reduce the need to build expensive
new powerplants. Conservation and other measures are part of a larger concept known as demand-side management
(DSM). In addition to encouraging energy conservation, DSM programs also include “load management” options
such as alternative rate structures to change the timing of eletricity use and measures to reduce excessive demand
during peak hours (e.g., hot summertime afternoons).

Electric utilities conduct DSM programs in various ways (27b):

. information dissemination (e.g., mass media attachments to electric hills);

. onsite energy audits and technical assistance;

.financia incentives (e.g., rebates, low-interest loans, and rate discounts);

. direct installation (e.g., low-flow showerheads, water heater wraps); and

. cooperation with trade alies (e.g., manufacturers and dealers, architects, engineers, builders).

Utility Conservation Case Study: The Northwest Power Planning Council 1990 Power Plan

The Northwest Power Planning Council' (NPPC) is an interstate compact agency approved by Congress that
reviews the activities of the Bonneville Power Administration, the Federal power marketing agency in the Pacific
Northwest. Recently the NPCC proposed a series of cost-effective conservation measures to reduce eectricity
demand by 8 percent in the region by 2010, compared to forecasted levels (46a). These measures will eliminate the
need for six new coal-fired powerplants, at roughly half the cost.

Residential measures include those that lower space heating demands in new and existing homes (e.g.,
improved insulation, storm windows, reduced air leakage); more efficient water heating (e.g., insulated water
heaters, pipe wraps); and more efficient refrigerators, freezers and other appliances. The measures proposed by the
NPCC can reduce electricity demand in the residential sector by about 10 percent by 2010. Well over haf isfrom
measures to lower space heating demands.

Inthe commercial building sector, the NPCC has proposed conservation memsures targeting lighting, space
heating, and cooling that can reduce commercial electricity use by about 13 percent by 2010. Measures that can be
retrofit in existing buildings are responsible for the majority of these reductions.

For the industrial sector, the NPCC has identified such conservation measures as improved motors, motor
controls, and lighting that can lower electricity demand in this sector by 3 percent by 2010. The NPCC has proposed
conservation measures that apply to agricultural irrigation that can reduce electricity use by about 12 percent (46a).

Unaccordance with the Pacific Northwest Electric Power Planning and Conservation Act (Public Law 9& 501), the four Norttrwest States
of 1daho, Montana, Oregon, and Washington entered into an interstate compact in 1981. The Act required the NPPC to develop and adopt a

2& year electrical power plan and a program to protect, mitigate, and enhance f@ and wildlife resources in the region.

1. improving the efficiency of fossil-fuel-freed
plants through improved maintenance,

2. increasing the use of existing nuclear power-
plants not currently operating at full capacity,
and

3. renovating existing hydroelectric generating
facilities to increase their output.

A fourth “Tough” option is to change the fuel mix
at existing plants.

I mproved Operation--Overseeing the operation
of utilities is, in general, the responsibility of the
States. Theoretically, utilities should already be
operating their powerplants at optimal efficiency so
as to provide electricity to their consumers at the
lowest cost. State public utility commissions (PUCs)

have the authority to regulate retail electricity rates,
and thus have considerable influence over utility
operations. In practice, however, afew percent gain
in efficiency is not a top priority for many utilities or
States, nor are efficiencies routinely monitored.

Recently, however, some industry attention has
been given to methods for improving efficiencies
(15). The Electric Power Research Institute (EPRI)
has a multi-year research program underway on
methods to lower electricity costs through efficiency
improvements. The Federal Government could par-
ticipate in this effort as well. In addition to DOE-
funded research, TVA and the Federal power agen-
cies (e.g., Bonneville Power Authority) could under-
take improvements at their own facilities. About 4
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percent of the electricity generated from fossil fuels
comes from these Federal facilities (14).

The Federal Government, through the Federal
Energy Regulatory Commission (FERC) has some,
albeit indirect, ability to influence private utility
operations through its authority over prices and
conditions of wholesale power sales. Virtualy all
generating utilities sell power to other utilities at
some point. If Congress feels that State PUCs are not
identifying and enforcing efficiency improvements,
it could direct FERC to include such considerations
when regulating wholesale power sales.

For nuclear powerplants, the relevant goal is to
increase the number of hours of operation, rather
than efficiency of fuel use. The most promising
option hereis to establish a demonstration program
to increase utilization from the current 65 percent
(5,700 hours per year) to 75 percent (6,600 hours per
year). In 1975, Japanese nuclear plants operated
about 50 percent of the time. A 7-year improvement
and upgrade program increased utilization to 75
percent (23), Western Europe averages 75 percent,
as well. A coordinated demonstration program by
DOE and the Nuclear Regulatory Commission
might foster improvements to boost U.S. hours of
operation above the average in a timely fashion. Key
improvements would include preventive mainte-
nance; installation of automated controls to improve
reactor operation, thereby reducing the number of
unscheduled shutdowns; and speedier refueling.

Switching to Lower Emitting Fuels—in addition
to efficiency improvements, CO,emission rates
from existing fossil-fuel-fired utilities can be low-
ered by switching to lower emitting fuels, For
example, atypical Midwestern powerplant burning
Illinois coal emits about 0.60 pounds of carbon per
kWh of electricity generated (Ibs C/kwWh). By
burning a mixture of 75 percent coal and 25 percent
natural gas (or burning coal 9 months and gas 3
months per year) emissions will be lowered by 10 to
15 percent.

Such a goal can be achieved in several ways. A
high enough carbon tax (discussed above) would
encourage natural gas use by utilities. However, the
effect of such a policy would depend on the relative
price of coal and gas at each location. A carbon tax
in the range of $75 to $150 per ton would make gas
a more economic choice at many facilities, at least

over the next decade.”If the tax were much lower,
few utilities would find natural gas attractive; if it
were much higher, demand for gas could be so great
that prices would rise sharply.

A much more certain outcome would result from
setting Co,emission limits. An emission rate limit
of 0.55 Ibs C/kwWh would require atypical Midwest-
ern coal plant burning Illinois coal to burn about 10
to 30 percent natural gas, depending on its effi-
ciency. Plants burning western coals, for example
from the Powder River basin, or Texas lignite might
have to burn between 25 and 45 percent gas to meet
this limit. Some efficient plants burning high-heat-
value eastern and western coals might meet the
standard with only a few to 10 percent natural gas,
but almost all existing facilities would need to burn
some gas to continue operation. At 0.55 |bs C/kWh,
the most efficient new coal-burning technologies
would just qualify (e.g., integrated coal gasification,
combined cycle, or IGCC) by burning coal alone.

Because some facilities will have difficulty get-
ting natural gas or converting their boilers to use gas,
a marketable permit approach might be preferable.
Utilities would receive permits for the amount of
CO,that they are dlowed to emit from their
coal-fired units; permits could be traded on the open
market. Utilities would receive such permits based
on their generation in an historic year (e.g., 1990)
multiplied by an alowed emission rate (0.55 Ibs
C/kWh, using the example above). Some utilities
would curtail coal use more than necessary to meet
their limits and others less, but the overall impact on
CO,emissions would be the same as setting uniform
emission limits.

A variant on the above approach is to simply issue
permits for alimited amount of coal usein existing
facilities. Such an approach would be simpler to
administer than emission permits, but does not give
credit to more efficient coal plants or to lower
CO,-emmitting coals.

Measures That Apply to New Plants

Controlling Emission Rates FromNewFossil-Fuel-
Fired Plants—Many of the policy options available
to control emission rates from new fossil-fuel-fired
plants are similar to those for existing plants, but
greater opportunity exists for more stringent control.
Earlier, we discussed three electricity demand sce-

‘A carbon tax of $75 to $150 per ton would approximately double or triple coal prices and increase natural gas prices by over 50 percent.
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narios, a Base case and two lower demand scenarios,
that assume “Moderate” and “Tough” conserva-
tion measures, respectively. Under the Base case
scenario, we estimated that at least some new cod
plants would have to be built (between 25 and 50
percent of al new plants) to meet demand. Under the
two lower demand scenarios, we estimate that
natural gas and renewable sources of energy are
plentiful enough to meet demand through 2015,
without the need for new coal plants. The choice of
appropriate policy options will depend on whether
the goal is to slow the rate of growth of new coal
plant construction or to impose a temporary morato-
riumon new coal plants through 2015 to allow time
to develop more efficient technologies. Under all of
our scenarios, however, some fossil fuel sources will
be needed to meet demand.

To limit construction of new coal plants a
predetermined number of coal permits (or carbon
permits specific to coal plants) could be auctioned
each year to the highest bidder. If such a policy were
adopted in combination with marketable permits for
existing coal plants, permits could be freely traded
among new and existing facilities.

Adoption of stringent CO,emission limits for
new plants is one way of imposing a temporary
moratorium on new coal plants. Two somewhat
different strategies could be pursued. If theintent is
to force development of ultra-efficient coal technol-
ogies, then a standard in the range of 0.35to 0.40 Ib
C/kWh would be appropriate. Molten carbonate fuel
cells, if successful, might be able to meet such
emission rates using bituminous coals.

However, such a new source performance stand-
ard would do little to encourage improvement of
other fuel technologies. Current combined cycle
turbines burning distillate oil can meet such a
standard, and similar technologies burning natural
gas emit about 0.26 Ib C/kWh. If the intent is to limit
new fossil-fuel-fired generation to the cleanest
sources only—advanced combined cycle turbines
burning gas—then setting a new source performance
standard at about 0.25 Ib C/kWh would be more

appropriate.

Measures To Encourage Use of Nonfossil Fuel
Sources-Any of the general financial options
discussed above, such as a carbon tax or fossil fuel
energy tax, will serve to encourage use of nonfossil
sources for electricity generation. The Solar Energy
Research Ingtitute and the National Laboratories
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Diagram of the Modular High Temperature Gas Reactor
(MHTGR), one of several new nuclear reactors designed to
be “passively safe.” In the event of loss of coolant, fuel
temperatures increase slowly enough to allow heat to be
conducted to the surrounding earth, thereby avoiding
massive failure and release of radiation.

recently evaluated the effect of a 2-cent/kWh sub-
sidy for renewable sources of eectricity (an increase
of 25 to 30 percent over the base case cost for
electricity) (59). They concluded that such a subsidy
(or, conversely, atax on fossil fuel) would double the
penetration of renewable sources of electricity by
2010 as compared to a business-as-usual case and
allow these sources to cost-effectively meet 40
percent of the new demand for electricity. Hydroe-
lectric power, wind power, and biomass provide the
bulk of the energy. A 2-cent/kWh subsidy is
equivalent to a carbon tax of $75 per ton of carbon
for coal and about $150 per ton of carbon for natural
gas.

Although nuclear power might benefit somewhat
from a carbon tax, the utility industry is unwilling to
undertake construction under the current social and
regulatory climate. New technologies are needed for
a revival of nuclear power in this country, but
utilities are not likely to order these technologies
until they have been demonstrated in full-scale
operation. Given the shape that the nuclear industry
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is currently in, the pace of such demonstrations is
likely to be slow (if they happen at all). Appropriat-
ing funds to demonstrate new technologies is a
promising way of giving nuclear power another
chance at success.

A two-track program would offer the greatest
flexibility. DOE could help fund full-scale demon-
strations of both new *‘‘evolutionary’ light water
reactors (LWR) and ‘revolutionary design changes
such as a modular high temperature gas reactor
(MHTGR). Demonstrations of the new technologies
that started operation by 2000, if successful, might
conceivably result in additional units on line by
2010. Evolutionary designs might be able to come
on line more quickly than revolutionary ones,
especialy if one of the goals of the program is to
develop standardized designsto minimize licensing
time (68).

As noted earlier, research, development, and
demonstration funds are needed to increase the role
of renewable sources as well. SERI has estimated
that if current funding for renewable research were
increased to about $270 million per year (about two
and a half times current levels), the penetration of
renewable sources of electricity might double by the
2010-t0-2020 timeframe (59). This has about the
same effect as a 2-cent/kWh subsidy. The SERI
forecast may overestimate the effectiveness of
accelerated research in lowering the cost of renew-
able technologies, but it is clear that research and
demonstration will help, particularly with respect to
geothermal and wind sources.

Measures To Hasten the Rate of Retirement of
Existing FacilitiesUnder the Base case demand
scenario, about 7 percent of the utility capacity
operating in 1990 will retire by 2015. One final
option for lowering emissions is to force older
fossil-fuel-fried plants to retire earlier than their
expected lifetime of 60 years. If all fossil-fuel-fired
plants were forced to retire after 40 years of
operation, about 35 percent of the existing capacity
will be eliminated by 2010 and 50 percent by 2015.
When combined with the measures discussed above
for new plants, considerable reductions are possible.
The 40-year time is arbitrary; it could be 30 or 35
years if desired, or longer if the costs for 40-year
retirement are thought to be excessive.
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Chapter 4
The Buildings Sector

OVERVIEW

The buildings sector includes all activities related
to residential and commercial buildings.' Two
greenhouse gases are of primary importance in this
sector-carbon dioxide (CO,) and chlorofluorocar-
bons (CFCs). CO,is emitted when fossil fuels and
biomass are burned (either directly onsite, or at
electric powerplants) to provide services such as
space conditioning, water heating, lighting, cooking,
refrigeration, and entertainment. CFCs are emitted
from foam insulation, air conditioners, and refrigera-

tors.

Worldwide, the buildings sector accounts for
about 30 percent of CO,emissions (108):

- direct, onsite burning of fossil fuels (coal, oil,
gas) accounted for an estimated 14 percent of
global CO,emissions in 1985 (108);

- €lectricity use in buildings accounted for 13
percent (i.e., over one-half of all CO,emissions
from electricity generation) (108); and

« burning fuelwood for domestic heating and
cooking accounted for an additional few per-
cent.

In the United States, the buildings sector accounts
for an estimated 36 percent of CO,emissions (see
figure 4-1) and roughly 20 percent of CFC emissions
(35).

Activities in the buildings sector are directly
linked to other environmental and socia concerns as
well. Burning fuelwood and coal, for example,
results in emissions of air pollutants such as
particulate matter and acid gases. Building new
residential and commercial developments can in-
volve clearing forests and paving agricultural land.
The spatial pattern of such developments greatly
affects subsequent transportation requirements (see
ch. 5). Construction materials are supplied through
activities such as timber harvesting and processing,
and sand and gravel dredging which can also have
environmental  impacts.

There is no single formula for reducing emissions
in the buildings sector. To do so, many technical
options will have to be implemented for both
residential and commercial buildings. Otherwise,
the effect of emission reductions in one area could
easily be negated by growth in another.

OTA modeled potential CO,emissions in the U.S.
buildings sector for three scenarios (Base case,
Moderate, Tough). In the Moderate scenario, cur-
rently available technologies that pay for themselves
over the life of the equipment are adopted; these
include high-efficiency appliances and equipment,
increased insulation, and more efficient lighting
devices and designs. In this case, OTA estimates that
U.S. CO,emissions in 2015 from buildings can be
reduced by about 5 percent relative to 1987 levels
(see figure 4-2). In the Tough scenario, technologies
that are expected to be commercially available in the
next decade could reduce U.S. building sector
emissions in 2015 by about one-third relative to
1987 levels (see figure 4-2). These projected reduc-
tions are achievable without major changes in the
mix of fossil fuels used for generating electricity for
buildings. Because a large portion of the energy used
in buildings is supplied by electricity which is
produced primarily by coal, the most CO,-intensive
of the fuels, further reductions could be achieved by
changing how €lectricity is generated (see ch. 3).

In the United States, available policy levers to
implement these technical options include: energy-
use taxes, initial purchase taxes, electric utility
‘ ‘Demand-Side Management, ' appliance standards,
building codes, consumer information and market-
ing, and research and development. These options
can act synergistically to influence decisions regard-
ing the design and operation of buildings and
building services.

In developing countries, the demand for energy
services in buildings will grow rapidly during the
next 25 years. per-capita growth in energy consump-
tion in this sector is about 10 times that of counties
in the Organization for Economic Cooperation and
Development (OECD)*(72). While developing coun-

IThe commercial sector encompasses many enterprises, including offices, warehouses, schools, health care, food sales and services, and lodging.

“The 24-member OECD includes Australia, Austria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, h-eland, Italy, Japan,
Luxembourg, The Netherlands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, U. K., and U.S.
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Figure 4-I--Contribution of the U.S. Buildings Sector to U.S. CO,Emissions From

Fossil Fuels
Industry
32% -
i | Water heat 9%
W////% Lights 14%
Cooling 14%
Buildings Appliances 20%
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Transportation
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Percent of total by sector
(1.3 billion metric tons/year)

SOURCE: Office of Technology Assessment, 1991.

tries currently meet a large share of their energy
needs in buildings by using biomass, much of their
growth in energy demand (and hence greenhouse gas
emissions) in the buildings sector is associated with
the spread of electrical services throughout their
economies, The use of energy-efficient technologies
and practices can slow the rate of increase of CO,
emissions without compromising economic devel-
opment. However, net reductions below current
levels are unlikely.

BUILDINGSIN OECD
COUNTRIES

Trends in Energy Use

In OECD countries, the buildings sector ac-
counted for 38 percent of primary energy use in
1985°—23 percent in the residential portion and 15
percent in the commercial portion (67). Space
conditioning (heating or cooling) dominates energy
use, accounting for 60 to 80 percent of final energy
demand in residential buildings and 60 to 65 percent
in commercial buildings (30, 67).'Most of thisis for
heating; air-conditioning, for example, accounted
for only 3 percent, on average, of residential energy

Space heat 43%

Percent of
emissions from buildings

(0.47 billion metric tons/year)

use in 1980 throughout the OECD. Water heating
and lighting generally are the other major uses in
commercial buildings; water heating, electric appli-
ances, and cooking are the other major uses in
residential buildings.’

In the United States, space heating is the dominant
energy user in buildings, accounting for 43 percent
of CO,emissions from the entire sector (figure 4-1).
In the residential portion, space heating accounted
for 30 percent of the annual energy expendituresin
average U.S. households in 1987 (see figure 4-3).
Other important end uses in both types of buildings
are lighting, water heating, and air-conditioning,
along with refrigeration and cooking in residences
and ventilation in commercia buildings (10, 75, 76).
More than 20 percent of all electricity generated in
the United States is used for lighting, primarily in
buildings (other uses include, for example, street
lighting) (97). In contrast with the OECD as a whole,
air-conditioning is a significant end-use in the
United States (78), accounting for 22 percent of the
CO,emissions in the commercial sector, for exam-
ple.

3Primary energy sources include nonrenewable fossil fuels (coat, petroleum, natural gas), potentially renewable biomass, and renewable such as
solar, geothermal, and hydroelectric power. Electricity is a secondary energy source produced from primary energy Sources.

a§pace conditioning refersto * "active - yehods of cooling or heating, i.e., requiring inputs of fuel and usually some kind of mechanical deviee that
must be deliberately activated or deactivated according to needs. Passive meihods operate with relatively little deliberate intervention depend on natural

flows of energy (e.g., solar energy), and are mediated by building design.

SEnergy use during construction is not covered here; studies in the 1970s indicated that it is a relatively small portion Of total energy USe in the

buildings sector, equal to about 5 yearn of operational energy use (36, 84).
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Figure 4-2—CO,Emissions From the U.S. Buildings
Sector in 2015, Under the Base Case, Moderate,
and Tough Scenarios

Emissions in 2015 as a percent of 1987 levels

-
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For comparison, lines representing the 1987 baseline and 20
percent below that level are indicated. Emissions from biomass
fuels are not included here.

SOURCE: Off Ice of Technology Assessment, 1991,

Figure 4-3--Annual Expenditures for Energy
in Average U.S. Households, 1987

Refrigerator/freezer $239 Air-
Y - conditioning $109

Dishwasher $12«
Washer/dryer $77,

Microwave $7
Furnace fan $46
Color TV $22
Range/oven $42
Other appliances $22

Lighting $84

Water
heating $154

Space
heating $350

Total annual expenditure = $1,164

Five major end-uses---space heating, refrigerating, water heating,
air-conditioning, and lighting—account for 80 percent of average
household expenditures. (This chart shows electric appliances
only and assumes average cost of 7 cents per kWh.)

SOURCE: Office of Technology Assessment, 1991, adapted from U.S.
Department of Energy, Energy Information Administration,
Household Energy Consumption andExpenditure (Washington,
DC: 1989), figure 9 and table 3. Lighting data provided by A.
Meier, Lawrence Berkeley Laboratory.

Energy use in U.S. residences, on a per-square-
foot basis, is higher than in Japan, Italy, and Sweden,
but lower than in France, the United Kingdom, and
West Germany (77, 105). Energy use for heating and

electricity in commercial buildings in Canada and
the United States, after accounting for differences in
climate, is 20 to 30 percent higher per unit area than
in Europe (78).

Most OECD countries have undertaken consider-
able efforts since 1973 to conserve energy (see ch.
9). These efforts have significantly slowed the
growth in energy demand in residential and commer-
cial buildings. Figure 4-4 shows how U.S. residen-
tial energy use dropped due to a combination of
technical efficiency improvements, conservation
(using less), and demographic changes (decreasing
household size and migrating to warmer climates).

A countervailing trend, though, has been an
increase in electrification, due to increases in the use
of electricity for space and water heating and for
electric appliances, and, in the United States, for
air-conditioning. Of new U.S. homes built in 1986,
44 percent were electrically heated, compared to
only 15 percent in 1983; 70 percent were built with
central air-conditioning in 1986, compared with 34
percent in 1970. As aresult, primary energy use in
the United States between 1979 and 1985 increased
by 9.1 percent in the commercial sector and 0.7
percent in the residential sector (62).

The net effect of electrification on CO,emissions
depends partly on the mix of fuels used to generate
electricity. If electricity is generated from nuclear
power or renewable sources (i.e., solar, wind,
geothermal, nuclear, biomass), more electrification
will not increase CO,emissions, all other things
being equal. The net effect aso depends on the
relative efficiencies of fuel- and electric-driven
equipment. For example, electric resistance heat
(e.g., electric baseboard radiators, or portable or
wall-mounted coil heaters) uses about three times as
much primary energy per delivered unit of final
energy (the average efficiency of a U.S. powerplant)
as the most efficient gas or oil furnaces and the most
efficient electric heat pumps. When gas heat pumps
reach the market, they will use even less primary
energy per unit of delivered energy than today’s
electric heat pumps (see table 4-1).

Over the next 25 years, slow growth in the
demand for energy services is expected in the
residential sector of OECD countries. This is be-
cause population and household growth are ex-
pected to be low, and because there is a saturation of
major appliances in these countries. Most homesin
OECD countries already have hot water, refrigera-
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Figure 4-4-Components of Change in Fossil Fuel Energy Use in Residential and Commercial Buildings

Residential

47DeIivered energy (quadrillion Btu’s)

Migration
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Fhell efficiency
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Space heating

Appliance use and
efficiency
Actual energy use

72 74 76 78 80 82 84 86

A number of factors contributed to the 4 quads of delivered energy
savings in the residential sector in 1986":

« Appliance Use and Efficiency: 1.0 quad. This reflects both the
increase in more efficient household appliances and wiser use
of appliances in general.

+ Space Heating Behavior: 1.0 quad. This includes short-term
reversible actions, such as adjustments to thermostat settings
and closing off unused living areas. These savings are less
than in 1982, suggesting a return of thermostat settings to
higher levels.

+ Shell Retrofits: 0.8 quad due to weatherstripping, insulation,
and caulking. This component has decreased in recent years
partly due to lower fuel prices and the end of energy-
conservation tax credits.

+ New Home Shell Efficiency: 0.4 quad. New homes and the
equipment in them are more energy efficient.

+ Wood Use: 0.3 quad, reflecting consumer use of wood in place
of conventional heating fuel.

! Household Size: 0.3 quad. The number of persons per
household has decreased steadily from 1972 to 1986, resulting
in less energy use per household.

+ Migration: 0.3 quad. This includes the population shift to the
South and West regions of the United States, where house-
holds use less energy for heating but more for cooling.

Commercial

41DeIivered energy (quadrillion Btu’s)

13-

12j
11

72 74 76 78 80 82 84 86

Three major factors contributed to the 1.7 quads of delivered
energy savings realized by the commercial sector in 1986:

+ Non-Shell Retrofits: about 1.4 quads. These include more
energy-efficient maintenance procedures, use of computerized
energy-management systems, replacement of heating and
cooling equipment, and more energy-efficient lighting.

+ New Buildings: about 0.1 quad. The savings are attributable to
the addition of new, more energy-efficient building designs with
energy efficient equipment.

+ Shell Retrofits: about 0.2 quads. These include increased
insulation, weatherstripping, and installation of special win-
dows.

SOURCE: U.S. Department of Energy, Office of Policy, Planning and Analysis, Energy Conservation Trends: Understanding the Factors That Affect
Conservation Gains in the U.S. Economy, DOE/PE-0092 (Washington, DC: September 1989).

tors, electric lights, and central heating (which are
kept at comfortable temperatures) (57, 32). On the
other hand, increased domestic use of air-
conditioning could occur.

However, energy demand in commercia build-
ings could grow rapidly if OECD economies con-
tinue to expand. Use of computers and other

electronic equipment in offices, for example, is
projected to increase. In the United States, the
demographic shift to the South and West also will
enhance the trend toward el ectrification—buildings
in these regions are likely to be electrically heated,
while buildings in the Northeast are generally heated
by oil or gas (78).

EZ Non-shell retrofits
N New buildings
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Techniques To Reduce Energy Use
and CO,Emissions

Energy use will vary with the type of building, In
commercial buildings, for example, key determi-
nants include the mix of activities (e.g., manufactur-
ing v. office space v. living area), amount of floor
space, thermal characteristics of the building, and
types of fuel used. These factors in turn are
influenced by the density, design, and distribution of
surrounding buildings-e. g., demographic character-
istics; climate; availability of land, materials, capi-
tal, and labor; energy costs; cultural and individual
preferences; and the capabilities of the architects.’

Cost-effective reductions in energy use (and
associated CO,emissions) can be achieved through
greater use of energy-efficient equipment (lights,
heaters, air conditioners), insulation, and improved
windows; fuel switching; better operation and main-
tenance (O&M) practices, and changes in how
families and businesses occupy buildings and use
energy within them (30, 43, 50, 60). Reductions in
CFC emissions also are possible (see below),

Because the average lifetime is about 100 years
for a home and 50 years for a commercial building
in the United States, initial reductions in greenhouse
gas emissions will come primarily from retrofitting
existing buildings with energy-efficient equipment
and better insulation, windows, and other energy-
conserving structural features (27, 28, 39). Existing
commercial buildings, for example, can be retrofit-
ted with lighting, insulation, and windows that use
20 to 25 percent less energy, with typical payback
periods of 2 to 3 years (50). Since appliances and
other equipment wear out significantly faster than
buildings (lifetimes of about 10 to 25 years),
replacement with more efficient equipment can
bring about reductions in CO,and CFC emissions
relatively quickly.

By 2010, however, about one-third of residences
and over one-half of commercial buildings in the
United States will have been built after 1990, so
changes in building codes for new construction
could also have an important effect over the next 25
years. Installing better insulation and efficient equip-
ment during construction of new buildings is less

expensive and more effective than retrofitting them
later. New commercial buildings designed to be
energy efficient use about one-half the energy on
average of existing buildings (54).

In al buildings, more efficient operation and
proper maintenance can significantly reduce energy
use, generally at a relatively small cost compared to
the cost of providing additional energy. A wide,
available array of electronic systems, for example,
can be installed to automatically control heating,
lights, air conditioners, and other energy-using
devices (for example, see box 4-D below).

Because the structure of energy use in the
buildings sector is comparable throughout the OECD
(67), these technical options should generally be
applicable in most other OECD nations, despite
variations in energy prices and weather conditions.’
Even in countries like Sweden that have long
promoted energy efficiency in buildings, reductions
in CO,emissions still are possible (see box 4-A).
The potential for improved energy efficiency and
reduced CO2emissions is even greater in Eastern
Europe and the U.S.S.R. (see box 4-B).

Lighting

The amount of energy used for lighting can be
reduced by using more efficient bulbs, automatic
lighting controls (such as occupancy sensors and
individual controls), and design improvements such
as task lighting. Lighting accounts for over 25
percent of CO,emissions in the commercial sector;
it offers perhaps the single largest, and certainly the
most cost-effective, method for reducing fossil fuel
use in the commercial sector. Many of the options
for reducing energy use in lighting offer paybacks in
less than 2 years, depending on how intensively they
are pursued.

The common incandescent bulb uses electricity to
heat a filament until it glows, but approximately 90
percent of the electricity is converted to heat, not
light. Replacing incandescent with fluorescent bulbs
can reduce energy use by up to 75 percent (figure
4-5). Further gains of up to 50 percent are possible
with the use of high-efficiency lamps and ballasts.’
In addition to reducing the electricity needed for
lighting, more efficient lighting gives off less heat to

6For discussions of the historical rgole of climate in determining the quality and location of buildings, s& refs.19, 20.

THowever, policies to implement these measures are not necessarily the same throughout the OECD (sce ch.9).

8A ballastis a deViCe tha¢ Provides avoltage high enough to ionize vapor in the tube and then limits the current for stable operation.
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Box 4-A—Sweden: Surprising Room for I mprovement

Sweden is often viewed as a model energy-conserving society. For example, it is noted for having the most
demanding construction standards in the world for new buildiings and, hence, the world's most energy-efficient
buildings. Approximately 40 percent of buildings in Sweden are heated with district heat. Further, much of the heat
comes from variety of unconventional sources including urban ‘waste-to-energy’ plants, large (up to 20 MW) heat
pumps using sewage water as a heat source, wood waste, industrial waste heat, agricultural waste, and even solar
energy (supplying housing developments at a scale of up to about 300 to 400 units per system). Despite this, there
may till be room for improvement.

Building Standards and Policies

As early as 1975, thermal requirements for windows were set at levels that could only be satisfied by triple
glazing, a practice not common in new homes at the time. The 1976 standards also required heat recovery systems
for commercial and large apartment buildings, and insulation of heat distribution pipes. Sweden has tightened its
standards several times since then (77, 112). To help meet these standards, Sweden aso provided various incentives
(1 12). For example, grants to promote energy conservation in existing buildings, available since 1984, have been
given if adequate energy conservation measures are included in retrofit projects. “ Soft loans’ have been available
for improvements in residential buildings more than 30 years old, and subsidies that cover about 50 percent of
interest costs have been offered for multifamily houses. Some of these mechanisms, however, were suspended
between 1987 and 1989 (100).

Other policies contributed to construction innovations. In the 1970s, for example, by promising to cancel loan
payments for projects that did not produce expected energy savings, the government eliminated economic risks
involved in testing experimental designs and technologies. National R&D funds for technology development helped
bring new products, such as residential heat pumps, onto the market. These programs were implemented during a
period of rising oil prices and low electricity prices (1 12).

A Scenario for Future Improvements

Potential for reducing energy use in buildings still may exist. One study estimated future energy use in Sweden
based on implementing the best currently available technologies and advanced technologies expected to be
commercialized between now and the year 2020 (31, 32). It projected dramatic reductions in CO,emissions, ranging
from 78 to 90 percent, primarily as a result of: 1) major efficiency improvements; and 2) a shift away from direct
use of fossil fuels toward eectrification based on nonfossil fuel generating capacity. As a result, the building sector’s
share of total energy use was projected to drop from 35 to 20 percent.

This scenario also demonstrates how reducing demand can create more flexibility on the supply side. As
demand is reduced, the most costly supply technologies, from an environmental and national security standpoint,
do not have to be pursued, or at least their use can be minimized. For example, Sweden’s program to reduce energy
use in buildings is part of its strategy for eliminating nuclear power and reducing dependence on foreign oil over
the next few decades.

the room, thus reducing air-conditioning require-
ments.

Excess use of light can be avoided by: placing
light switches in convenient locations; installing
individual switches for each light; and using auto-
matic controls to turn lights off or to adjust their
intensity. This can be done with simple timers, or
sensors that measure light levels or detect whether or
not an area is occupied. Excess energy use also
occurs when individual lights generate more light
than is needed. This can be avoided by using
lower-wattage bulbs, task lighting, and using con-

trols that permit light levels to be dimmed when less
light is required.

Space Conditioning

The amount of energy used for heating and
cooling can be decreased through improved thermal
integrity, improved equipment energy efficiency,
and siting and landscaping decisions.

Thermal integrity can be improved by insulating
buildings to reduce infiltration of outside air. To
retrofit buildings—with typical savings of 20 to 25
percent and paybacks in 2 to 9 years (50), the most

9Building retrofits are modifications t. existing equipment or the building shell to reduce energy use (e.g., adding insulation, upgrading ventilation

equipment in commercial buildings, adding storm windows, etc).
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Box 4-B—Energy Use in Soviet and Eastern European Buildings
USSR.

The Soviet building sector accounts for approximately 20 percent of final energy use, including 49 percent of
al heat and 14 percent of all electricity (71). Within the sector, energy is used predominantly for heat (77 percent),
followed by electricity (17 percent) and direct fuel use (6 percent).'As of 1985, per-capita energy consumption in
Soviet buildings was less than one-half that in the United States (7), at least partly because of smaller per-capita
living area and |ess use of appliances (74).

Severa opportunities exist for conserving energy in buildings. First, the thermal integrity of buildings could
be greatly improved, as over one-third of all energy used in buildings is wasted (71). Housing shortages and lack
of capital allocated to the sector have resulted in hastily erected apartment buildings with poor thermal integrity.
Building energy efficiency codes are very low; for example, recommended wall insulation for Moscow is the same
as in California, which has a much warmer climate (74).

Second, heat losses from district heating distribution systems (due to poor insulation of pipelines, long
distances between sources of heat and end use, lack of antirust materials, and frequent power outages) could be
reduced (71). A large portion of urban Soviet buildings are heated by district heating, up to half of which may be
cogenerated.

Third, the energy efficiency of appliances could be irnproved this is particularly important in light of expected
growth in appliance use. Current Soviet appliances are less efficient than western ones; for example, Soviet
refrigerators use an estimated 30 to 40 percent more electricity than larger sized models in western countries (71).

Fourth, natural gas, which the U.S.S.R. has in abundance, could be used in place of, for example, coal.”The
building sector is the only branch of the Soviet economy where coal is the most prevalent fuel; in 1980, coal supplied
over 40 percent of all heat for housing and municipal buildings. This accounted for one-third of total fuel use.
Electricity is projected to supply only 13 percent of the sector’s energy needs by 2000 (7).

One magjor obstacle to achieving these opportunities is government subsidization of energy coststo
consumers-for example, occupants in Soviet buildings pay afixed fee for heating based on the square footage of
their apartments, regardless of how much energy they use (also see ch. 9). Metering systems are amost nonexistent.
And, gains made in improved thermal integrity of buildings and in production of more efficient appliances could
be more than offset by per-capita increases in living area and use of appliances, depending on the overal rate of
economic growth.

Eastern Europe

Buildings accounted for 28 percent of primary energy demand in Eastern Europe in 1985 (46). As incomes
grow, so will other attributes such as air-conditioning, living area per capita, and, consequently, overall energy
demand. One study projected that without major policy changes encouraging energy efficiency, total energy
consumption in the buildings sectors would double between 1985 and 2025; even with the implementation of
energy-efficiency policy measures, energy consumption was still projected to increase by nearly 50 percent.

Not surprisingly, potential changes vary considerably among countries. In the residential sector, for example,
no decline in energy use per square foot should be expected in Romania, because energy consumption in Romanian
residences already is very low. In contrast, improvements could occur in Poland, because high-quality coal or natural
gas could replace low-quality coal, which currently provides the vast majority of heat in residences.

IDirect fuel USC inchudes fuels NOL used tO produce thermal power for space heating. However, many dual-purpose stoves used for cooking
and heating, and fueled mostty by coat and wood, are considered indirect fuel cONSUMers. Here, direct fuel use includes enly natural gas, liquefied
petroleum gas, and kerosene used for stoves, small boilers, hot water in laundries and bathrooms, €fc. (71).

2Whether this WOUId reduce greenhouse q.s emissions depends partly on whether the U.S.S.R. can reduce itSrate Of methane leakage from
natural gas production and distribution.

feasible options generally are to: 1) caulk and e.g., through installing double- and triple-paned
weatherstrip cracks around doors and windows; 2) windows with higher insulating values (see box
add more insulation in roofs and walls; 3) install 4-C). Just adding attic insulation alone in homes

draperies and/or shades; and 4) improve windows, with little or none can reduce space heating require-
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Figure 4-5-Energy Efficiency of Various Light Sources
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SOURCE: U.S. Department of Energy, Energy Efficient Lighting, DOE/CE-0162 (Washington, DC: 1986).

ments by 15 to 33 percent with simple paybacks in
2 to 6 years (33)."

New buildings can be constructed with more
compact forms, oriented to take advantage of
sunlight, and designed with less and/or different
glazing. ‘‘Passive’ solar-heating systems can be
used to exploit the Sun’s energy during cold periods.
The most energy-efficient new houses use one-third

to one-half of the energy required by the average
new house (see figure 4-6).

Improved equipment for heating, ventilating, and
air-conditioning (HVAC) will be important to de-
crease energy use in commercia buildings (39). The
best new HVAC equipment uses 30 to 90 percent
less energy than existing stock (39). Automatic
controls play an increasingly important role; these

10 arth-sheltered homes, which use the surrounding earth itself as insulation and for protection from winds, can be cost-effective in colder climates

with low humidities and proper soil and siting conditions (37, 48).
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Box 4-C--Insulation and R-Values

Keeping buildings warm in winter and cool in summer requires a considerable amount of energy. This energy
use can be cut by reducing the amount of heat (or ‘coolness’) lost through the ceiling, walls, and floor of a building.

All materials conduct heat to some extent, but some conduct more than others. A material’s resistance to heat
flow is measured in units called “R”. A ceiling with an R-value of 20, for example, will lose only half as much
heat as a ceiling with an R-value of 10. Some typical R-values for ceilings, walls, and floors in several locations
in the United States are shown below. In general, homes in colder climates have higher R-values. Uninsulated homes
have very low R-values.

Representative R-values

Cellings walls Floors
Uninsulated home. .. ...... 1-3 2-5 1-5
New homes:
LouiSiana. .. ........... 19-22 11-12 0
Washington,DC .. ... .. 30 12-17 11-19
Mane.................. 38 17 19

Almost half the heat in an uninsulated building is lost through the ceiling, about one-fourth through windows
and air flow, 20 percent through the floor, and 12 percent through the walls. Increasing R-values can reduce these
losses. Adding about 3.5 inches of wall insulation, for example, will increase wall R-value by about R-12. Achieving
R-38 requires 9 to 18 inches of insulation. Increasing ceiling insulation in Washington, DC, from none to R-19 can
reduce heating bills by about 40 percent and cooling bills by about 20 percent.

A normal single-glazed window is rated at about R-1, whereas a standard insulated wall is rated at R-n or
better. Heat lost through windows can be cut in half by adding a second pane of glass (largely due to the insulating
space between the two panes); such storm windows are rated R-2. Coating one of the inner surfaces with a thin film
of a transparent low-emissivity material (such as tin oxide) reflects infrared heat back into the house-this will raise
the rating to R-3. Replacing the air between the two panes of glass with better insulators (such as xenon or argon)
will yield aR-4.5 to R-6 window.

~ Figure 4C-1 below de- Figure 4C-1-Superinsulated Wall and Window
picts some of the newest insu-
lation technologies for homes
and windows. Superinsulated
walls and windows can reduce
home heating needs by more
than 75 percent compared with
homes built before 1973. This
wall (built in Sweden) pre-
vents heat seepage by using
|-beam studs of masonite held
between two pine flanges. The
heavily insulated walls are R
sealed on the inside with a
plastic membrane to prevent
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Figure 4-6-Space Heat Requirements in Single-
Family Dwellings in the United States and Sweden
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SOURCES: Office of Technology Assessment, 1991, adapted from Goldem-
berg et al., 1988.

range from common household programmable ther-
mostats to electronic devices that are capable of
responding to ambient conditions (e.g., outside and
inside temperature and humidity, as well as informa-
tion from local utilities). Some designers and
builders have attempted to develop *‘ smart’ homes,
in which energy management is electronically inte-
grated with other household services (see box 4-D).

The efficiency of HVAC systems also can be
improved through proper maintenance. Air condi-
tioners, for example, contain heat exchangers that
absorb heat from the building's air and discharge
heat outside the building. The efficiency of these
heat exchangers is compromised if dirt, dust, and
debris reduce the flow of air over the exchangers and
the rate of heat flow from the exchanger.

Building designs can be improved to make more
use of natural ventilation and rely less on fans or
air-conditioning. Planting trees and shrubs near
buildings can reduce the use of energy through direct

shading effects in the summer and wind protection
in the winter (1; also see ch. 7). Large numbers of
trees and light building surfaces may lessen the
“heat island’ effect associated with large cities and
thereby reduce energy use (1, 42).

Changes in how buildings and energy are used by
occupants also can contribute to energy savings. One
option is to heat and cool only some rooms of a home
and to conserve hot water. Another possibility is to
minimize the conditioned space used per person, for
example by purchasing smaller housing or by having
more occupants in existing housing (e.g., children
living at home for longer periods, renting rooms to
borders). Multifamily dwellings share outside walls,
thereby reducing wall area exposed to the elements
and reducing space conditioning requirements.

Water Heating, Appliances, Cooking

The efficiency of other major end-uses also can be
improved (28). The best 1988-model refrigerators,
freezers, gas space heaters, air conditioners, electric
water heaters, and lights are all at least 30 percent
more efficient than typical models in use today (see
figure 4-7). Severa studies indicate potential life-
cycle savings for a range of efficiency improvements
in refrigerators, freezers, and water heaters (53, 101).
Equipment expected to become available in the
1990s shows additional promise for efficiency gains.

The National Appliance Energy Conservation Act
of 1987 (NAECA, Public Law 100-12), which set
minimume-efficiency standards for many appli-
ances," will result in the least efficient appliances
being taken off the market. One study estimated that
this will lower residential energy use by about 0.9
guads (about 5 to 10 percent of current residential
energy use) by the year 2000 (28). The American
Council for an Energy-Efficient Economy estimated
that appliances sold through the year 2000 in the
United States could be operated at peak periods with
25 fewer large powerplants than would have been
required had efficiency improvements not been
made (2). However, NAECA does not set standards
as high as can be achieved by the best currently
available models,”nor is it specifically technology-
forcing (28). The Act does require that standards be

1 1Thirteen Product type.

s are included: 1) refrigerators, refrigerator-freezers and freezers; 2) room air conditioners; 3) central air conditioners and

central air-conditioning heat pumps; 4) water heaters; 5) fumaces; 6) dishwashers; 7) clothes washers; 8) clothes dryers; 9) direct heating equipment;
10) kitchen ranges and ovens; 11) pool heaters; 12) television sets; and 13) fluorescent lamp ballasts.
12From a cost-effectiveness perspective, this may bereasonable for heating and cooling equipment--e. g., a high-efficiency furnace may pbe a

reasonable investment in Maine, but it would not save enough energy to recover first costsin Florida.
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Box 4-D—Energy Management Systems and “ Smart” Homes

Large reductions in energy use (and hence emissions) are possible with energy management systems. These
systems basically allow energy demand in a building to be managed to meet a variety of objectives, including greater
convenience, improved security, lower operating costs, and energy conservation. They range from relatively simple
programmable thermostats for homes to expensive, sophisticated microprocessor systems for large commercial
buildings.

One ambitious project in the United States involves designing, building, and operating a home that integrates
energy management and other household functions in an electronic system that is linked to outside information
sources. This “Smart House Project” is a cooperative effort headed by the Research Foundation of the National
Association of Home Builders. As typically conceived, a house might use as many as 150 microcontrollers, al
capable of being individually controlled and monitored but all integrated into a single system that permits control
of any individual component from many locations within the building. Occupants could program the operation of
appliances in advance. Appliance energy use and performance could be monitored, providing information that could
be used to cut energy use and maintenance costs. The linkage with outside entities could allow inputs such as
price-signals from the local utility or remote commands from absent occupants. This type of approach to automation
IS seen by some as being potentially revolutionary (9, 29, 47). Figure 4D-1 below is a diagram of a Smart House.

The Smart House Project is one of many whole-house automation efforts, including programs in Europe and
Japan. These projects represent one area of a broader movement to increase the automation of buildings for a variety
of reasons, ranging from load management (91) to improved building security. A small but rapidly expanding
number of commercial buildings presently are automated with energy management systems (27, 59). Barriers to
further penetration include a lack of familiarity with such systems, high costs, and lack of standardization.

Figure 4D-1—A “ Smart House”
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“Smart Houses” offer increased comfort at a reasonable price and are far more energy-efficient than the average home. At the hear
of each house is an automated-control box that monitors heating, air-conditioning, lighting, and security systems. In more advanced
homes, the owner can adjust the temperature and humidity and turn appliances on and off by touching awail-mounted screen.
Passive measures, including well insulated walls, roofs that reflect solar radiation, and shade trees (particularly on the south and
west sides of the building to mitigate the Sun’s heat), can also save energy.

SOURCE: R. Bevington and A.H. Rosenfeld, “ Energy for Buildings and Homes,” Sdientific American 263(3):76-86, September 1990.
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Figure 4-7—Energy Efficiency Potential of
U.S. Residential Appliances
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SOURCE: H.S.Geller, “Residential Equipment Efficiency: A State-of-the-
Art Review,” contract prepared for the U.S. Congress, Office of
Technology Assessment (Washington, DC: American Council
for an Energy-Efficient Economy, 1988).

reviewed twice in the 1990s and allows for raising
them. To date, 1993 standards for refrigerators,
freezers, and small gas furnaces have been promul-
gated; " standards are currently being developed for

dishwashers, clothes washers, and dryers (87).

Direct Energy Usein Buildings

In addition to changing how buildings use energy,
as described in the preceding sections, energy
savings also are possible by changing how buildings
get energy. This can involve, for example, renew-
able fuels, cogeneration, and district heating.

Renewable energy sources such as wind, biomass,
and solar power can be used directly at building
sites. In 1981, the Solar Energy Research Institute
estimated that renewable energy sources applied
directly at buildings might replace 4 to 5 quads of
energy by the year 2000(81), equivalent to about 15
to 20 percent of energy consumption in U.S.
buildings in 1985. Nearly a decade has passed
without major progress toward this goal, however.

Cogeneration is the production of electricity and
useful heat at the same time, which improves the
overall efficiency of fuel use.”Energy savings then
can be achieved in buildings by using cogenerated
heat to heat space and water, and to drive cooling
devices. One obstacle to cogeneration is that build-
ings often are distant from their source of heat. This
can be overcome by situating cogeneration facilities
near or inside buildings. “District’ heating systems,
which supply heat (commonly in the form of steam)
to a network of buildings, also can be developed.”
Cogeneration thus is particularly appropriate in
medium- and large-sized commercial buildings (in-
cluding shopping centers; see ref. 85), multifamily
buildings, and densely settled residential communi-
ties.

To date, however, cogeneration has barely pene-
trated the buildings sector in the United States—
only about 50 megawatts of cogenerating capacity
were installed as of 1987 (5).”While heat can be
used in many ways in industrial settings, its primary
use in commercia buildings is for space heating,
which is only needed during part of the year. In some
buildings where heat build-up from people and
office equipment is a problem, additional heat often
is not needed. One possibility is to use cooling
systems run with heat (i.e.,, “thermally activated
refrigeration’ *); some air conditioners that use waste
heat are available on the market (4, 11, 22, 56).
Additional R&D is needed on computer monitoring
and control technologies for integrating cogenera-
tion into utility grids and reducing maintenance
costs. Also needed are institutional arrangements to
manage interconnected cogeneration facilities.

CFC and Halon Use

Chlorofluorocarbons (CFCs) and halons are major
agents of the destruction of stratospheric ozone and
also are important greenhouse gases (see ch. 2).
CFCs are used in large quantities in buildings,
principally in insulation and air-conditioning; they
also are used in refrigeration (see ch. 8). Halons are
used in fire extinguishers because they possess

130 a) classes Of refrigerators, refrigerator-freezers, and freezers, only 7 models out of 2,114 listed in the directory Published by the Association of
Home Appliance Manufacturers (6) meet the 1993 standards. Most models must therefore be improved or redesigned over the next 3 years (87).
l4while atypical fossil fuel powerplant achieves fuel use efficiency of around 30 to 35 percent, by capturing waste heat cogeneration facilities can

achieve efficiencies of 45 to 80 percent or more (see ch. 3).

15District heating already is used extensively in many European countries. It s relatively rare in the United States, although it is used in portions Of
some major cities (e.g., New York and St. Paul) and in several entire small towns in the Midwest.
16Estimates of the technical potential for cogeneration in commercial buildings range between 3 and 40 gigawatts (i.e., several hundred times what

is currently installed) (5, 62).
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Box 4-E--CFCs and Halons in Buildings

I'n the buildings sector, the main sources of CFCs are in insulation and air-conditioning; halons are a principal
component of fire extinguishers. Because the United States and other signatories to the Montreal Protocol (see ch.
2) have agreed to rapidly reduce and eliminate production of CFCs, intensive efforts are being made to limit
emissions from current sources and to deploy alternatives. Additional information on alternatives discussed in this
box can be found in refs. 88, 106, and 107.

Insulation-some CFCs used in insulating foams are released during the manufacturing process, but most
remain in the foam and slowly leak out over time. A large reservoir of CFCs therefore exists within existing
buildings. Opportunities to change this situation are limited. For new buildings, though, some emissions can be
reduced during foam manufacturing and, more significantly, alternatives to CFC-based insulation exist and others
are being developed. In addition, building designs and construction techniques can reduce the need for supplemental
insulation.

Air-conditioning--CFCs are released during the manufacturing, servicing, and disposal of air-conditioning
units. Some emissions can be reduced at each one of these steps, for example, through recycling. Over the long term,
the use of CFCs can be reduced by exploiting alternative ways to maintain comfortable temperatures in buildings.
These range from using other refrigerants (such as HCFC-123 or -134a), using air-conditioning technologies based
on waste heat or solar energy, and designing and constructing buildings in ways which reduce the need for
air-conditioning in the first place.

Fire-extinguishers—Halons can be released from fire extinguishers as a result of leaks, testing, or actual use
to suppress fires. For existing equipment, halon emissions can be reduced by using effective leak detection
technologies and methods for testing fire-extinguishing systems without releasing the halon components. Use of
existing halon-based extinguishers also can be limited to applications where their advantages are most critical-for
example, firesin sensitive electronic equipment or aircraft. In the longer term, alternative fire extinguishing

substances can be developed and deployed.

excellent flame-extinguishing properties and are
nontoxic to humans.

CFCs are used to produce rigid foams, which are
used primarily for insulation in buildings. In 1985,
roughly one-third of CFC-11 production in the
United States was for this purpose (83). Globally,
approximately 39 percent of CFC-11 and 12 percent
of CFC-12 consumption in 1985 were for rigid
foams (35).” CFC-11 and CFC-12 also are used in
large, high-volume air conditioners, although most
air conditioners use CFC-22, which is somewhat |ess
damaging to stratospheric ozone (see ch. 2). Meth-
ods for reducing the use of CFCs and halons in
buildings are described in box 4-E.

BUILDINGSIN DEVELOPING
COUNTRIES

Trendsin Energy Use

About 40 percent of total energy use in develop-
ing countries currently is derived from noncommer-
cial sources (e.g., firewood, crop residues, char-

coal) .18 This percentage varies widely from country
to country (e.g., from nearly 100 percent in Nepadl, to
less than 10 percent in Libya) (72). Much of this
noncommercial energy use occurs in the buildings
sector, particularly in rural areas and residences. One
study, for example, estimated that households ac-
counted for 35 to 60 percent of total energy use in
four low-income countries and 15 to 35 percent of
total energy use in four transitional developing
countries (52). Lower income households tend to use
noncommercial fuels mainly for cooking; thus
cooking is the largest end-use of household energy
in developing countries.

The use of commercial fuels (i.e., coal, oil, gas,
and dlectricity) is growing, however. Between 1978
and 1984, for example, growth in per-capita com-
mercial energy use was about 18 percent in Asia, 21
percent in Latin America, and 36 percent in West
Africa(72). In comparison, OECD growth rates for
this period were 2 to 3 percent. Although developed
countries are currently responsible for the largest
share of CO,emissions in the buildings sector, the

VLLe., in countries reporting their production t0 the Chemical Manufacturers Association; countries with centrally planned economies are not included.
i8The distinction between commercial and noncommercial fuels, though, is blurry (see ch. 9 and ref. 94).
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developing countries share of energy use and
associated CO,emissions in the sector should
increase over the next 25 years.

There are many reasons why energy use will
increase in these countries, including their continu-
ing urbanization and adoption of modern cooking
technologies® and appliances. Greater urbanization
and wealth tend to lead to the construction of
western-style buildings, both residential and com-
mercial, which generally require commercial energy
sources for space conditioning. The number of
commercial buildings will continue to grow. Owner-
ship of electric appliance s-+. g., refrigerators, tele-
visions, washing machines-is also growing rapidly
in some countries (72, 94). These factors and
population growth are causing electricity demand to
climb sharply, yet current electric power generating
infrastructures often are already short of capacity
(89).”

Lighting currently accounts for only a small
fraction of total energy use in developing countries
(94). In rural areas, people often are limited to light
from wood fires or perhaps kerosene wick lamps—
the primary sources of light for more than 2 billion
people. As rural incomes increase, or as people move
to urban areas, though, lighting services (e.g., butane
or pressurized kerosene mantle lamps, electric
lighting) and the energy used to provide them
increase dramatically.

Using energy to heat buildings is not an important
end-use in the majority of developing countries,
since most have tropical climates, although it is
important in mountainous, and mid- and high-
latitude areas (e.g., northern China) (94). Similarly,
little energy currently is used for space cooling,
despite typically hot climates. Traditional building
designs (e.g., natural ventilation and other tech-
niques that do not require additional energy inputs)
and careful siting have long been used to moderate
temperatures and keep indoor environments as
comfortable as possible (18, 20, 21, 114). However,
urbanization and increasing use of commercial

building materials, mechanical ventilation, electric
fans, and air-conditioning are making traditional
designs less common and increasing energy require-
ments.”

Opportunities To Reduce Energy Use

Asthe economies of developing countries grow,
demands for energy will continue to increase. As this
happens, developing countries will have many
opportunities to employ technologies and practices
that allow for the most efficient generation and use
of this energy. Given the critical needs for economic
development in many countries, this will not reduce
energy demand below current levels, but it can allow
overall energy use (and associated CO,emissions)
to grow more slowly without hindering overall
economic development.

In the residential sector, more efficient cooking
practices are the most pressing need. This can be
accomplished by switching to modern fuels such as
natural gas, liquefied petroleum gas, kerosene, or
electricity, or using more efficient wood stoves (see
ch. 7). Significant opportunities also exist for using
electricity more efficiently; the technologies for
reducing appliance and lighting energy use are
basically the same as those discussed above for the
OECD countries.

Commercial buildings now being built in devel-
oping countries will last well into the next century.
Opportunities for more efficient energy use in
commercial buildings are similar to those available
in industrialized nations, with similar levels of
potential savings (12, 23, 24, 32). Nonetheless,
because of the anticipated growth of demand for
energy services in the buildings sector over the next
25 years, there is likely to be an aggregate growth in
energy consumption, despite increased efficiency.
Energy conservation can slow this growth and also
reduce foreign debt accumulation by minimizing the
importation of fossil fuels and equipment for build-
ing €electricity-generating installations.

19The use of modern cooking fuels (i.e., natural gas, propane, fuel ail, kerosene, biogas) and cooking technologies makes a substantial difference in
energy efficiency. The average consumption level for cooking with biomass is 9.5 to 14 million Btu’s per year compared to 1,9 t0 2.8 millionBtw’s per
year for fossil fuels. Thus, a switch to more modem fuels, per se, is not necessarily associated with an increase in total residential energy use, but itis
associated with the increase in ancillary energy uses that goes along with higher income levels.

DThe exact effect on CO, emissions will depend on the mix of fuels (including electricity); the relative efficiencies of commercial versus
noncommercial fuels; and whether the use of noncommercia fuels was causing deforestation or forest degradation (see ch. 7).

21 Ajr-conditioning currently iSrare in residential buildings in developing countries, but it isused in many commercial buildings (73).
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OTA EMISSION REDUCTION
SCENARIOS

Tables 4-1 and 4-2 show the assumptions that we
used to model potential CO,reductions in U.S.
residential and commercial buildings, respectively,
for three scenarios—business as usual (Base case),
and after the adoption of Moderate and Tough
controls (app. A describes the model in detail). There
are three major strategies for controlling emissions
(see table row headings). The Operation & Mainte-
nance/Existing Stock category involves measures
that are possible with existing stock; these can be
implemented quickly and require no new invest-
ment. New Investment incentives would encourage
a consumer to buy, for example, a more efficient
heater when the existing one needs to be replaced. In
the Accelerated Turnover and New Technology
category, retirement of old equipment and use of
new technologies would occur 5 years sooner than
now anticipated.

The modél’s projections of CO,emissions in the
year 2015 for the three scenarios are given as a
percentage of 1987 emissions, with a breakdown by
end-use (see figure 4-2). The model’'s overall results
from 1987 to 2015 are shown in figure 4-8 as a
percentage change from 1987 emissions.” Under the
Base case, we estimate that U.S. CO,emissions in
2015 from the buildings sector will be aimost 30
percent higher than emissions in 1987. In the
Moderate case, if technologies that are currently
available and that pay for themselves over the life of
the equipment are adopted, CO,emissions in 2015
from the U.S. buildings sector can be reduced by
about 5 percent relative to 1987 levels. In the Tough
case, technologies that are expected to be commer-
cially available in the next decade could reduce
buildings sector emissions by about one-third rela-
tive to 1987 levels by 2015,

Other analyses of future energy use in the U.S.
buildings sector yield results ranging from an
increase of 11 percent by 2010 (27, 28) to a net
reduction of 41 percent (based on total penetration of

cost-effective, energy-saving technologies) by 2020,
relative to 1985 emissions (3 1). Our scenarios
generally fall within the midrange of these estimates.

These projected reductions do not assume major
changes in the fuel mix used to produce energy for
buildings (figure 4-9 shows this mix for each
scenario). Note that a large portion of the energy
used in buildings is electricity. Since electricity in
the United States is produced primarily from coal,
which is the most CO,-intensive fuel, additional
emissions reductions could be achieved by changing
how electricity is generated. Dramatic changes in the
fuel mix used by utilities (see ch. 3) to generate
electricity would affect potential CO,reductions in
the buildings sector. A major shift to nonfossil fuels
might even change the attractiveness of some
technical options; for example, cogeneration could
become less attractive.”

How the use of wood would change in response to
shifts in demand for other energy sources is not
modeled. Most residences burning wood also have
a second fuel source. As energy prices for these
secondary sources increase, wood will be used more.
Conversely, as oil and gas energy bills drop as a
result of falling prices or conservation investments,
wood may be partially replaced with these purchased
fuels. The effect of different levels of wood use on
CO,emissions depends on how quickly wood is
being grown. If wood is grown at least as fast as it is
burnt, then wood use effectively has zero CO,
emissions. However, since wood is often burned
inefficiently, the emissions from wood burning
(especially when deforestation is factored in) may
exceed even coa emissions (per unit of useful

energy).

Base Case

For residential buildings, the base case shows a
6 percent increase in CO,emissions by 2015,
relative to 1987 levels. This projected increase is
lower than other studies (16, 105) and even GRI's
base case (41) because we include the effects of the
new NAECA standards. We assume slower growth

22Note that the results presented in this figure show emissions as a percentage change from 1987 levels; this should not be confused with the format
presented in figures 4-2, 4-10, and 4-11, which present results as a percentage of 1987 emissions.

In the United States, the average emission factor per quadrillion Btu’s of delivered electricity currently is 57 million metric tons of carbon, based
on afuel mix of 55 percent coal, 11 percent gas, 5 percent oil, and 30 percent nonfossil sources (including hydroelectric power, nuclear, and renewables)

(44).

2*Changes in the level of demand for electricit,also might affect supply choices by utilities (e.g., very low demand would retie it mom. difficult for
utilities to justify investmentsin new, less carbon-intensive generating technologies).



Table 4-I—Residential Buildings: Measures in the OTA Model

Base case

Moderate controls

Tough controls

Operation and maintenance/
existing stock:
Housing shell retrofits

Compact fluorescent

New Investments:
Shell efficiency of new homes

HVAC equipment
Gas space heat

Oil space heat
Electric space heat

Wood space heat
Appliances
Water heaters

Gas water heaters

Heat pump water heaters

Accelerated turnover and new
technology:
HVAC equipment

Appliances

Water heaters

10% savings by 2015
None

New homes 15°A more efficient
than existing average

82% efficient by 2005

Gas heat pump introduced in 1995,
10% new share by 2015

81% efficient by 2005

Heat pump COP of 2.5 by 2015

None
National appliance standards

National appliance standards
None

Not applicable

Not applicable

Not applicable

20% savings by 2015

Replace heavily used bulbs, net 35°/0
savings

New homes space heat 50°A more
efficient than existing average, AC
25% more efficient

Mix of 84% and 92°/0 (pulse combustion)
Same as Base case

Same as Base case

Replace 20$40 of new electric resistance
space heat with heat pump

None

Most efficient on market today

Same as Base case

Replace 80% of new electric water
heaters with heat pump water heater

Not applicable

Not applicable

Not applicable

Northern homes 30°/0 savings by 2000.
Southern homes same as Moderate.

Replace more bulbs, net 50°/0 savings
(technical maximum about 650A)

Northern new homes space heat 8570 more
efficient than existing average, AC 45°/0
more efficient. Southern new homes same
as Moderate.

All gas pulse combustion

Move market share of gas heat pump forward
by 5-10 years and reduce other gas heat

Same as Base case

Replace 5070 of new electric resistance
space heat with heat pump

Improved efficiency of wood use

Most efficient on market today

Same as Base case
Replace 100% of new electric and oil water
heaters with heat pump water heater

Existing equipment lifetimes 5 years
shorter

Gas heat pump heating COP of 1.7 by 201 5;
electric heat pump heating COP of 2.8 by
201 5; improved AC efficiency

New prototype appliances (for example, heat
pump dryer)

Replace gas water heat with 80% efficient
prototype

Abbreviations: AC=air-conditioning; COP=coefficient of performance; HVAC=Heating, ventilating, and air-conditioning equipment.
SOURCE: Office of Technology Assessment, 1991.
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Table 4-2—Commercial Buildings: Measures in the OTA Model

Base case

Moderate controls

Tough controls

Operation and maintenance/
existing stock:

Building retrofits

Lighting

New investments:
Shell efficiency of new buildings

HVAC equipment
Gas space heat

Electric space heat
Air-conditioning
Cogeneration
Water heaters

Lighting

Electronic office equipment

Accelerated turnover and new
technology:
HVAC equipment

Cogeneration

Water heaters

60% savings by 2015
None

New buildings 150/. to 22%0 more
efficient than existing 1987 average

84% efficiency by 2010

Gas heat pump introduced in 1995,
2% new share by 2015

Heat pump COP of 1.95 by 2015

None

0.13 quad by 2005, 0.20 quad
by 2015

None

None

Increased usage

Not applicable

Not applicable

Not applicable

150/0 savings by 2005, 25% by 2015
High efficiency bulbs, net 120/. savings

(80°/0 of 15%--assume 20% market
already)

New buildings 500/. more efficient than
average (42% above new Base case
buildings)

Mix of 640/. and 920/. efficient
Same as Base case

Replace 20°/0 of new electric resistance
space heat with heat pump

Adjust variable speed drives and
economics, net 200/0 savings

0.18 quad by 2005, 0.26 quad
by 2015

Replace 80°/0 of new electric water
heaters with heat pump water heater

Combination of high efficiency bulbs,
ballasts, reflectors, and daylight;
net 50°/0 savings in new, 40% in
replacements

50% savings from improved technology
and 20°/0 in reduced idle time: total
600/0 savings by 2015

Not applicable

Not applicable

Not applicable

40% savings by 2000

High efficiency bulbs, net 120/. savings
(80°/0 of 150/assume 200/" market
already)

New buildings 75°/0 more efficient than
average (71 /o above new Base case
buildings)

All 92% efficient

Move market share of gas heat pump
forward by 5-10 years and reduce
other gas heat

Replace 50% of new electric resistance
space heat with heat pump

Same as Moderate case

0.64 quad by 2015

Replace 100% of new electric water
heaters with heat pump water heater

Combination of high efficiency bulbs,
ballasts, reflect, and daylight; net 60%
savings in new, 50% in replacements

65% savings from improved technology
and 40°/0 in reduced idle time: total
80% savings by 2015

Existing equipment lifetimes 5 years
shorter

Gas heat pump COP of 1.4 by 2015,
electric heat pump COP of 2.4 by 2015.
Heat exchangers yielding 28% AC
savings

0.96 quad by 2015 including fuel cells
and improved chillers

Replace gas water heater with 80%
efficient prototype

Abbreviations: AC=air-conditioning; COP-coefficient of performance; HVAC=Heating, ventilating, and air-conditioning equipment.
SOURCE: Office of Technology Assessment, 1991.
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Figure 4-8-Summary of CO,Emissions From the U.S.
Buildings Sector by Year, Under the Base Case,
Moderate, and Tough Scenarios

Percent change from 1987 emissions
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SOURCE: Office of Technology Assessment, 1991.

in electricity use than do other models; of the major
commercial energy sources electricity is still the
fastest growing energy source in the sector. How-
ever, in OTA’s base case, residential electricity use
increases by 0.5 percent per year, whereas other
models assume it increases by 2 to 2.5 percent per
year, at least until the year 2000.

For commercia buildings, CO,emissions in the
base case grow about 50 percent between 1987 and
2015. While total delivered energy use in commer-
cial buildings increases by about 40 percent between
1987 and 2015, the increase in CO,emissions is
greater because we assume that electricity use grows
by about 68 percent, primarily because of growing
demand by commercial users for air-conditioning
and office equipment. This corresponds to an
electricity growth rate of 1.9 percent per year. Since
electricity generated by U.S. utilities currently
exhibits relatively high CO,emissions per unit of
delivered energy, increasing electricity consumption
increases CO,emissions disproportionally faster
than does increasing use of other energy sourcesin
this sector.

Moderate Scenario

In the Moderate scenario, improving the shell
efficiency (or thermal integrity) of new (residential
and commercial) buildings can reduce emissions by
about 10 percent of 1987 levels by 2015; similar
improvements in existing buildings can achieve a4
percent reduction by 2015 (see figure 4-10). install-
ing new, more efficient lights and electronic office

Figure 4-9--Fuel Use Under the Base Case, Moderate,
and Tough Scenarios, by Fuel Type

Fuel use (quadrillion Btu’s)
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SOURCE: Office of Technology Assessment, 1991.

equipment will reduce emissions in 2015 by about 6
and 5 percent of 1987 levels, respectively; these two
options, along with cogeneration, were applied only
to commercial buildings in the model. Installing
more efficient water heaters and appliances will
reduce emissions in 2015 by about 4 percent,
primarily in residentia buildings.

After accounting for growth in energy use be-
tween now and 2015, together these Moderate
residential and commercial options can reduce CO,
emissions by about 5 percent in 2000 and 2015,
compared to 1987 levels (see figures 4-2 and 4-8).
Controls in the commercial sector account for over
two-thirds of the reductions. In 2000, New Invest-
ment options for both residential and commercial
buildings contribute over 70 percent of the total
reductions, but by 2015, when a greater proportion
of old buildings has been replaced, this percentage
increases to over 80 percent. In both residential and
commercial buildings, improvements in building
shells yield the highest reductions of any individual
option.

Tough Scenanio

I n the Tough scenario, more ambitious investment
in increasing the shell efficiency of new residential
and commercial building can reduce emissions by
about 18 percent relative to 1987 levels by 2015,
while similar improvements in existing buildings
(i.e, ‘‘building retrofits’) can reduce emissions by
4 percent (see figure 4-1 1). Retrofits provide the
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Figure 4-10--CO,Emissions Reductions in 2000 and
2015 Expressed as a Percentage of 1987 Building
Sector Emissions, by Control Method, Under the

Moderate Scenario
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SOURCE: Off Ice of Technology Assessment, 1991.

largest reductions of any individual option in the
short term (i.e., around 10 years), but this option
becomes less effective over time since fewer older
buildings remain in which to install retrofit technol-
ogies. Installing new, more efficient lights and
electronic office equipment will reduce emissions in
2015 by about 8 and 6 percent of 1987 levels,
respectively. As in the Moderate scenario, these last
two options, along with cogeneration, were applied
only to commercial buildings.

More reductions could be achieved if existing
equipment is replaced 5 years sooner than normal
with new technologies that could become available
within the next 20 years (see thin bars in figure
4-1 1). This accelerated schedule can augment total
emissions reductions from each of the above three
options by another 2 percent in 2015 compared to
1987 levels. About half of these additional reduc-
tions come from increasing the rate of turnover and
half come from the new technologies themselves.”

Together, these Tough options can reduce CO’*
emissions in 2000 by about 28 percent below 1987
levels and about one-third below 1987 levels by

Figure 4-1 1-CO,Emissions Reductions in 2000 and
2015 Expressed as a Percentage of 1987 Building
Sector Emissions, by Control Method, Under the

Tough Scenario
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SOURCE: Office of Technology Assessment, 1991.

2015 (see figure 4-8). Controls in the commercial
sector alone account for about 60 percent of these
reductions. In 2000, New Investment options for
both residential and commercial buildings contrib-
ute about 55 percent of the total reductions from the
buildings sector, but by 2015, when a greater
proportion of old stock has been replaced, this
percentage increases to about 70 percent.

Costs of the Tough Scenario

Costs for all Tough measures that are applicable
to buildings in both the residential and commercial
sectors fall in a range between net savings (i.e.,
equipment costs minus fuel savings) of $53 hillion
per year to net costs of $7 billion per year (1987
dollars). The costs of the individual measures are
summarized below and presented in greater detail in
appendix A.

Costs for the residential sector are best estimated
by household. By 2015, there will be about 115
million households, 35 million built after 1995 and
80 million built before. We estimate that shell
improvements to pre-1995 houses under our Tough

BThe effect of increasing the turnover rate is greatest in space heating, where furnaces have a long lifetime, and in appliances, where the difference
between new and average efficiencies is large; increased R&D has the biggest impact on appliances because numerous promising developments exist

in this area (25, 27).
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scenario will cost about $2,300 per single family
house in northern climates and $1,000 per single
family houses in southern ones.” The cost of shell
improvements in post- 1995 houses under our Tough
scenario are somewhat higher. In northern climates,
costs might be in the range of $6,000 to $8,000 per
house and about $2,500 per house in the South. For
the 25 percent of households that live in multi-
family dwellings, shell improvements will cost
about half of the single-family home estimates given
above. More efficient furnaces, air conditioners,
water heaters, and appliances might total about
$1,000 to $1,500 per household.

Assuming the shell improvements have a 30-year
life and the more efficient appliances average a
15-year life, total costs for the residential sector will
be in the range of $30 to $40 hillion per year.
However, fuel savings from these appliances are
about $55 billion per year assuming 2015 fuel prices.
Thus, the net costs for the residential sector fall in the
range of savings of $15 to $25 billion per year. The
cost effectiveness of these reductions is in the range
of -$175 to -$300 per ton of carbon (i.e., savings of
$175 to $300 per ton of carbon avoided).

By 2015, we anticipate about 72 billion square
feet of commercial building space (up from about 45
billion today). Though costs of energy efficiency
improvements vary by budding type, they appear to
cluster in the range of $5 to$11 per square foot (65a)
for a package of measures similar to our Tough
lighting, shell, and heating and cooling equipment
efficiencies. Costs for these improvements are in the
range of $30 to $65 hillion per year but fuel savings
are approximately $55 billion per year at 2015 fuel
prices. Thus net costs for these measures fall
between savings of $25 hillion per year and costs of
$10 billion per year. The cost effectiveness of these
reductions ranges between --$190 per ton and $75 per
ton of carbon avoided.

The remaining reductions from installing cogen-
eration equipment and more efficient office equip-
ment might yield net costs in the range of savings of
$3 billion per year to costs of $12 billion per year,
Thus total costs for the commercial measures fall

between savings of $28 hillion to costs of $22 hillion
per year.

POLICY OPTIONS

Reducing CO,emissions from the buildings
sector will require implementing numerous techni-
cal options, as well as individual behavioral changes,
and removing a variety of barriers to investment in
energy conservation. For example, translating our
““Moderate’ residential emission reductions into
practice means that all existing homes are retrofitted
to achieve an average shell improvement of 20
percent; new home shells must be, on average, 50
percent more energy efficient than today’s homes. In
our ‘Tough' scenario, existing homes are improved

by 30 percent in northern (cold) parts of the
country  @nd 20 percent elsewhefe;” new home

shells are 85 percent more efficient than the existing
average in the same five areas of the country.*To
accomplish such changes on a broad scale will
require a combination of policies and consistent
fiscal and regulatory signals.

This section discusses a wide range of ways to
implement the various tactics available to control
greenhouse gas emissions from buildings. In many
cases, there is not a clear distinction between policy
instruments that change, say, maintenance and those
that accelerate actual turnover of equipment. Con-
gress could combine several options to achieve
modest or aggressive reductions from this sector
depending on its goals.

Overview: Barriers and Policy Instruments

In both residential and commercial construction,
minimization of upfront costs often takes prece-
dence over total life-cycle costs because of the
overriding concerns about cash flow and the cost of
capital at the time of purchase. This creates a barrier
to greater investment in energy conservation. In
addition, most consumers lack expertise in evaluat-
ing energy information and prefer products similar
to those they are replacing. An additional barrier is
that those who make purchase decisions (eg.,
builders) are often not those who pay utility hills.
Policies for reducing emissions must address these
obstacles.

26See ref. 65a for the primary data source from which the costs of our Tough scenario are estimated.

27 Using the Census regions, this includes West and East North Central, New England, Mid-Atlantic, and Mountain region # 2.

2Th;s efficiency level iSbetween that of the Minnesota Energy Efficient Housing Demonstration Project HOmMe (& well-insulated hOme; see ref. 32)
and the Northern Energy Home (a superinsulated home with triple-glazed windows and night shutters; see ref. 61).
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Rowhouses, churches, warehouses, and factories densely
packed in Reading, Pennsylvania.

Policies for reducing CO,emissions in the
building sector include: end-use taxes, initial pur-
chase taxes, utility least-cost planning, appliance
standards, building codes, consumer information
and marketing, zoning ordinances, and research and
development. The synergisms possible among these
policies are vital to reducing emissions. Taxation
sends the price signals to reduce energy consump-
tion. Regulation (codes and standards) can be used
to remove the least efficient equipment, appliances,
and buildings from the market. Incentive and infor-
mation programs can be used to create a market for
exceeding the standards, as well as to provide
consumers with the information needed to make
energy-conserving choices in response to price
signals from taxation. There is also a role for
government-sponsored R&D in the construction
industry, the fragmented nature of which discour-

ages the private sector from making capital-
intensive and risky investments.

Congress could also mandate increased energy
conservation in government procurement and in
buildings the Federal Government owns or oper-
ates.” Such steps would reduce perceptions of risk
and provide an example for the rest of the country
(98). Also, demonstration projects can provide data
to improve our ability to predict savings from
conservation measures. The Federal Government is
the single largest consumer of energy in the Nation;
Federal buildings consume 2 percent of the energy
used in this sector—about 2 quads at a cost of $8.7
billion (1054a). Congress has directed Federal agen-
cies to reduce their energy use by 10 percent (per
sguare foot of floor space) from 1985 to 1995 (Public
Law 1,00-615). The DOE Federal Energy Manage-
ment Program (FEMP) is responsible for reporting
to Congress on the progress toward this goal.”
Legislation in 1986 authorized™-and legislation in
1988 required”—Federal agencies to establish a
program of ‘Shared Energy Savings (SES). Agen-
cies were to contract with private energy-service
companies (for up to 25 years) who would supply the
capital for improvements to Federal facilities in
exchange for a portion of cost savings. By the end of
1990 only four contracts were in place. Congress
could try to streamline the contract process or
provide further incentives for compliance.”

End-Use Taxes

Energy end-use taxes would increase the price of
energy, thereby encouraging lower energy consump-
tion. Thus, they affect all levels of our model: O&M,
new investment decisions, the rate of turnover, and
the intensity of private sector R& D. End-use taxes
can stimulate conservation in both new and existing
buildings, and can send signals regarding energy use
and purchases. However, end-use taxes can often be
less effective in influencing consumer purchase
decisions than other policy measures such as appli-
ance standards, building codes, and initial purchase
taxes or rebates set at similar levels of stringency.
Taxes do not address issues such as the lack of

20TA is completing astudy in this area ‘* Energy Use in The Federal Government’ which will be released in summer 1991.

Executive Order 12003, issued in 1977, mandated a 20 percent reduction in Federal energy use below 1975 levels by 1985. When the order expired
in 1985, the executive agencies had not reached the goal, During the following 3 years, energy use rose 6 percent (98a).

31Consolidated Omnibus Budget Reconciliation Act (COBRA) Public Law 99-272.

32The Federal Energy Management Improvement Act (FEMIA) Public Law 100-615.

33Ref. 108a discusses several impediments that exist under the current SES structure.
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information about life-cycle costs, uncertainty, and
divergent incentives between purchaser and user.
The large number of highly cost-effective energy-
efficient investments currently not chosen by con-
sumers indicates that price alone does not stimulate
optimal investment decisions (61 ).

If fuel taxes reflected * ‘externalities’ (or non-
monetary costs of a good or service) fuel choice
could be influenced. We did not model taxes, but
other organizations have. Their results are not
necessarily consistent with one another (45, 55, 63,
90). From these studies, price and income el astici-
ties” appear to be such that a high tax rate would be
needed to achieve substantial reductions in energy
consumption over the 25-year timeframe of this
study.

High end-use taxes based on CO,emissions
would generate alarger amount of government
revenue. For economic (and political) reasons it may
be necessary to reduce other taxes. Assuming that
the cuts are applied to expenditure taxes and that the
net impact is revenue neutral (i.e., as much is given
out as is taken in), €nd-uUse taxes raise equity issues
and might impose hardships on lower income
households.

Initial Purchase Taxes

An initial purchase tax would place a lump-sum
tax on energy inefficient appliances and equipment
(and possibly buildings and homes) at the time of
purchase.” It could be applied to all equipment and
appliances, to only the most polluting, or on a
revenue neutral basis (i.e., fees on the most polluting
items, and rebates for the least polluting that are
equal in sum to the amount collected for the most
polluting). The major advantage of an initial pur-
chase tax is that it will Send the appropriate signals
regarding consumer purchasing decisions, which are
often based largely on first cost. This type of tax
would not affect usage decisions.

Tax Credits and | ncentives

The combination of financial incentives to pursue
efficiency coupled with disincentives for high en-
ergy use--the ‘‘carrot and stick’ approach-can be
particularly effective. For example, investment tax

credits can be aimed at changing both the level of
investment as well as investment targets (e.g.,
commercialization of high-efficiency heat pumps,
installation of energy-efficient equipment). Gener-
ally speaking, however, this country has not experi-
mented extensively with financial carrots expressly
to induce conservation, although it has experimented
with regulatory/statutory energy-related carrots
such as tax credits for powerplant investment and the
Price-Anderson oil depletion allowances. One prob-
lem with the experience to date is that there has been
little effort made to evaluate the strengths and
weaknesses of different approaches.

The Federal Government passed legislation that
provided solar and conservation tax credits for the
years 1978 through 1984. The 1986 tax reform act
allowed the energy conservation tax credits for
residential useto expire but extended residential
solar tax credits and some commercial energy
conservation credits. The Omnibus Budget Recon-
ciliation Act of 1990 extended the 10-percent
business energy tax credit for solar and geothermal
property through December 31, 1991. Studies on the
impact of these credits are inconclusive. Some say
they were too low to affect homeowners' behavior.
However, one study indicates that the level of the tax
credit may not be as important as its presence (39).

The Federal Government also funds several sub-
sidy programs. Four State and local assistance
Programs (SLAP), administered by DOE provide
States with Federal technical assistance as well as
money for specific energy conservation programs,
including low-income home weatherization, match-
ing grants to schools and hospitals for energy
conservation projects, energy education, and various
other State and local conservation programs. The
SLAP programs are funded through both direct
congressional appropriations and the States’ use of
Petroleum Overcharge Funds.” Congress has main-
tained funding for these programs throughout the
1980s despite administration recommendations that
these programs be terminated. The Institutional
Conservation Program (ICP) pays for audits and half
of any conservation investments in schools and
hospitals. State and Federal officials rate this pro-
gram successful, with over 32,000 buildings partici-
pating since 1977 and a cumulative energy bill

MA price elasticity measures the change in energy demand in response to a change in price of energy.
35Congress has implemented this idea with the **Gas Guzzler Tax'’ on inefficient cars (see ch. 5).
36Funds delegated to the States as a result of pricing violations by oil companies.



Chapter 4--The Buildings Sector . 137

savings of $1.9 hillion .37 The Weatherization Assist-
ance Program funds States to retrofit low-income
housing with insulation to conserve energy .38 The
State Energy Conservation Program (SECP) pro-
vides financial assistance to the State Energy offices
to promote energy efficiency and conservation in the
commercial and residential sectors. The Energy
Extension Service (EES) is a Federa/State effort to
provide small scale energy users with individually
tailored technical assistance for energy conservation
and increased use of renewable. The SECP and the
EES have been consolidated under the State Energy
Conservation Programs Improvement Act (Public
Law 101-440), signed into law October 18, 1990.

Other federally funded programs include the Low
Income Home Energy Assistance Program
(LIHEAP), the Residential Conservation Service
(RCS), and the Solar Energy and Energy Conserva-
tion Bank (SEECB); the RCS and SEECB have
recently expired. RCS is discussed under ‘‘Home
Energy Audits” below. SEECB helped finance
energy conservation and solar measures in low- and
moderate-income housing and in commercial build-
ings owned by nonprofit organizations. LIHEAP (a
Department of Health and Human Services pro-
gram) gives grants to States to subsidize energy bills
in low-income housing; 15 percent of the funding
can be used for retrofits. The 1990 amendments to
the Housing and Community Development Act of
1974 also included low-income housing conserva-
tion and efficiency grants to be administered by the
Department of Housing and Urban Devel opment.

Demand-Side Management (DSM)

DSM refers to utility programs designed to
encourage customers to modify their pattern of
electricity usage (17a). Particularly promising—
from a global warming perspective-are those
situations where utilities allow energy conservation
to compete with traditional supply technologies
(e.g., powerplants) to balance energy supply and
demand .39 Because demand-side investments can be
less expensive than new supply, and because utilities
traditionally have longer time horizons than con-
sumers, DSM can result in greater investments in

energy efficiency than would be made by consumers
alone. Utility programs can capture the potential in
both the new and retrofit markets, for both equip-
ment efficiency and building shell improvements.
The ability to reach retrofit markets is particularly
attractive because they are difficult to reach through
building codes. Another attractive feature of DSM is
that there is already considerable support for it by
many State energy offices, State legislatures, and
public utility commissions (34) (also see app. B, and
box 3-C in ch. 3). Recalling figures 4-10 and 4-11,
the biggest CO, savings from the buildings sector as
a whole came from increased thermal integrity of
building shells and from raising the efficiency of
space conditioning equipment. Therefore, DSM
could play an important role in reducing greenhouse
gas emissions from the buildings sector.

For DSM to stimulate significant investment in
conservation, incentive structures must be changed
so that utilities are equally willing to make supply-
and demand-side investments. Currently, there can
be a disincentive for investment in conservation,
because utility revenues and profits depend on the
amount of electricity sold. Methods used by some
States to address this problem include:

1. a volume-of-sales adjustment that adjusts retail
prices when the level of forecasted sales differs
from actual sales; thus, sales drop due to
conservation efforts, but a utility’s return on
investment will not drop;

2. a higher rate of return on conservation invest-
ments;

3. shared savings between customers and share-
holders;

4. acontract bonus based on energy conservation
performance in the form of increased rate of
return, or an expanded concept of the rate base
(i.e.,, adding conservation investments to the
rate base); and

5. comparative bill earnings in which the perform-
ance of a utility is compared to that of other
utilities in the region, with a higher rate of
return available to utilities that achieve above
average energy savings.”

37 poE testimon, of May 2, 1989, as reported in ref. 102a.

38Recently Public Law 101-440 expanded the original focus of this program to include cooling efficiency modifications in an effort to emphasize

annual energy efficiency.

390TA references to DSM in this chapter include measures improving efficiency as well a5 innovative programs to reduce total demand.
40For a discussion of the comparative bill earnings scheme, see ref. 58. For discussion of all of these options, Se€ ref, 13-
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Federal and State governments share the regula-
tion of electric utilities. The Federal Energy Regula-
tory Commission (FERC) has jurisdiction over
wholesale transactions, both inter- and intra-state.
This gives FERC jurisdiction over inter-utility sales
for interstate holding companies and power pools
and over many transactions within a State.” Con-
gress can play a leadership role in directing utility
planning through the legislation that guides FERC.
This ability is most apparent in the Public Utility
Regulatory Policies Act of 1978 (PURPA), which
required utilities to purchase electricity from quali-
fying facilities at avoided cost. Qualifying facilities
include cogeneration and those using renewable
energy sources. Recently Congress amended PURPA
(Public Law 101-508) to eliminate the 80-megawatt
capacity limitation for qualifying facilities fueled by
wind, geothermal, solar, or waste energy.

The Federal Government also maintains a Least
Cost Utility Planning Program at DOE; appropria-
tions for 1991 were increased from $1 to $3 million.
Its limited budget had allowed it to play only a
catalytic role, working closely with the national
laboratories and industry research institutes to pro-
vide utilities with data and analysis on a variety of
DSM issues.”

There has been considerable activity in demand-
side planning by State commissions, trade associa-
tions, and utilities themselves. Different approaches
may be most appropriate to different utilities, States,
or regions. As DSM implementation is still nascent,
it may be useful to let diversity flourish. Thus, any
Federal legislation would ideally be general enough
to allow States flexibility in implementation and
specific enough to have a truly positive impact on
conservation.

To promote demand-side planning, Congress
could:

1. require Federal electric utilities (like the Ten-
nessee Valley Authority) to expand DSM
programs and set rates for their distributors
based on achievement of DSM goals;

2. require States to formally consider demand-
side resources in their planning;

3. require least-cost planning for utilities whose
projects fall under the jurisdiction of Federa
Energy Regulatory Commission; and

4. require al utilities to use least-cost planning.

Congress could also encourage public utility com-
missions to formally assess the various incentive
rate schemes and determine if any were applicable to
their utility. This step would be analogous to the one
taken in 1978, when PURPA directed the States to
review a wide range of strategies to promote pricing.
To increase the possibility of useful findings from
the process, funding could be included so that
nonprofit groups could participate in these proceed-
ings.

Congress has aready mandated, in the 1980
Pacific Northwest Electric Power Planning and
Conservation Act (Public Law 96-501), that the
Northwest Power Planning Council adopt rate struct-
ures that give conservation measures a cost break
over other, more traditional supply-side measures.

To move beyond the above measures, Congress
could also direct the Federal Government to estab-
lish a cost for the environmental externaities of
supply-side options. The New Y ork Public Service
Commission, for one, requires explicit consideration
of environmental factors (with a weight that amounts
to 15 percent of the total score or up to 1.4 cents per
kWh for the most polluting sources; see app. B) in
utility assessment of bids for supply and demand
resources (82). Or, Congress could require all States
to develop a method for making demand-side
investments as attractive as supply-side invest-
ments.

Appliance Standards

Appliance standards overcome the problem of
emphasis on first cost by fiat, by removing ineffi-
cient appliances from the market. Properly set,
standards can also be ‘technology forcing. A DOE
study comparing various policy aternatives con-
cluded that standards result in more savings than
other methods, including tax credits, rebates, and
consumer education (101).

The National Appliance Energy Conservation Act
(NAECA), approved by Congress in 1987, set
minimum-efficiency standards for many appliances
(see “Space Conditioning” above). The NAECA
Amendments in 1988 extended the standard to some
commercial building lighting ballasts. NAECA re-

4I'There is ahistory of tension over the sharing of jurisdiction for electricity planning (93a).
42Congress has considered expanding PURPA 10 include DSM as a new form Of qualifying facility.
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quires that the standards be reviewed twice during
the 1990s, which provides an opportunity to obtain
additional energy reductions through new or more
stringent standards. Congress could consider ex-
tending standards to other equipment such as com-
mercial HVAC equipment, light bulbs, and building
components such as windows.

When Congress set the current standards, a
payback period of 3 years was termed * ‘ econom-
icaly justifiable. *“ Alternatively, a longer payback
or a lifecycle costing rule could be used to set the
standard.”Because current economic analyses do
not include the costs of environmental externaities,
more stringent standards could be justified as a way
of reflecting these environmental costs.

Congress could make standards even more effec-
tive by using them in conjunction with other
incentives. For example, standards can be used to set
aregulatory ‘‘floor, * removing the least efficient
equipment and buildings from the market, while
policies such as utility programs, appliance labeling,
and tax schemes can provide incentives to exceed
the standards.

One problem with standards is that they may drive
up the purchase price so that a prohibitively large
upfront payment is required. This problem could be
remedied with loans, purchase credits, or some other
form of initial purchase cost defrayment.

Building Energy Codes

Building energy codes serve a function analogous
to that of appliance standards in that they keep the
least efficient buildings from being constructed.
Similarly, they can be used in conjunction with other
policies such as utility programs, building rating
systems, and tax schemes. Since most of the CO,
savings in 2015 in the Moderate case come from
improved space conditioning equipment and better
thermal integrity, codes could play an important role
in controlling CO,emissions.

Building codes have traditionally been under the
jurisdiction of States and localities. Mandatory
national building codes are finding little support
from the States or the construction industry (61).

Photo credit: M. Jackson

The Manhattan skyline: Commercial buildings harbor
tremendous potential for energy savings. Replacing the
lights and the heating, ventilating and air-conditioning
(HVAC) systems with new equipment can cut a building’s
energy costs by 30 percent.

During the 1970s, however, there was some interest
in anational code as a response to the patchwork of
codes passed at the State level.”In 1973, the
National Council of States Building Codes Stand-
ards asked the National Bureau of Standards (now
the National Institute for Science and Technology,
or NIST) to provide the technical basis for a
performance-type standard for energy conservation
in buildings.”By the time of the oil embargo, the
Bureau of Standards, in cooperation with consult-
ants from design professions and industry, had
prepared a document defining energy budgets based
on the specific functional requirements of buildings

43Additionally, factors such 5 impact on consumers and impact on manufacturers can be used to determine what is economically justified.

44 Electric supply projects typically have paybacks of well over one decade.
4550me StaLeS, potably California, haveinstituted mandatory building standards for both residential and commercial buildings.

46This chronology supplied by ref 113.
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and providing energy- and cost-effective choices for
components of energy systems in buildings. The
document and the energy budgets were turned over
to the American Society of Heating, Refrigerating,
and Air-Conditioning Engineers (ASHRAE) as bases
for developing a national consensus standard.
ASHRAE released standards in 1975 and updated
them in 1980. According to an independent evalua-
tion (53a), energy savings would range from 10 to 60
percent, compared to then-conventional practices, at
reduced construction costs. Extra costs for higher
performance envelopes were more than offset by
savings in the space conditioning equipment re-
quired.

In addition to NIST, DOE also plays a role in
developing building standards. In 1976, Congress
enacted legidation that required the development of
the Building Energy Performance Standards (BEPS),
anational code based on performance standards. In
1981, prior to DOE releasing a final version of
BEPS, the law was modified so that the standards
were mandatory only for Federal buildings. (It is
voluntary for non-Federal buildings, although DOE
is mandated to encourage its adoption by States and
localities)) DOE's proposed standards became effec-
tive 6 months after they were placed in the January
1989 Federal Register (102). Since then DOE has
initiated demonstration grants.

DOE shares its role in building energy code
development with the ASHRAE.” The proposed
Federal building code is nearly identical to the
recently released ASHRAE; standards (3). All 50
States have adopted all or a portion of the ASHRAE
standards. The 1980 standard was estimated to result
in reduced energy use in commercial buildings of 5
to 25 percent compared to buildings constructed in
the late 1970s (15). The new standard is expected to
provide 20 to 25 percent energy savings in commer-
cial buildings over the existing code (27). However,
the average energy efficiency of new homes in most
States now exceeds the existing (i.e., 1980)
ASHRAE standards (39).

Recently, the National Affordable Housing Act of
1990 (Public Law 101-922) required the Department
of Housing and Urban Development (HUD) to
develop energy-efficiency standards for new public
housing, and housing subject to mortgages under the

National Housing Act (i.e., mortgages that include a
loan for financing energy-conserving improvements
or adding solar energy systems).

Changes in Federal building code policy that
could achieve greater energy savings by changing
the investment decisions of builders and buyers
include:

1. the establishment of a uniform code by either
mandating compliance or creating incentives
for States to adopt the national code;

2. the development of a more stringent national
code;

3. the development of energy standards for all
existing buildings, with compliance taking the
form of a mandatory performance test upon sale
(an option that could also quickly affect O& M
practices detailed in our model); and

4. increased funding for implementation and en-
forcement.

Adequate enforcement is difficult, but necessary, for
a building code to achieve significant savings.

Consumer Information and Marketing
Programs

Lack of information is a key obstacle to greater
investment in energy conservation. It adversely
affects O&M practices, investment decisions, and
incentives to develop new energy-efficient technolo-
gies. The Federa Government can play a role in
overcoming this barrier by providing information
about opportunities to increase energy efficiency.
Information dissemination is a key element of
several of the policy options discussed above,
including appliance standards, building codes, and
utility planning.

In the past, the Federal Government has played a
role in several consumer information and marketing
programs. These include:

Energy rating systems. Energy rating systems tell
buyers how efficient their prospective home or
officeis. One national survey found energy savings
from a home energy rating system (HERS) to be 15
to 50 percent (110, 111). (No study has been done on
a newer rating program for the commercial sector.)
The Federal Government has helped to legitimize
the use of HERS through its involvement in the

41The Department of Housing and Urban Development (HUD) also plays a role in building codes through its regulation Of manufactured housing
(mobile homes). For a discussion of regulation of manufactured housing, see ref. 92. HUD is currently contemplating significant changes to its codes.
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Photo credit: Dr. J. Hill, U.S. Department of Commerce, National Institute
of Standards and Technology, Building Environment Division

Caulking joints and increasing insulation can be
relatively inexpensive ways to reduce energy use
in old buildings.

mortgage market.” Currently many successful rat-
ing systems are funded through State offices and run
via third-party, nonprofit organizations. The Federal
Government could play a further role in expanding
these partnerships by establishing a uniform energy
rating system and a national housing databank for
both residential and commercial buildings.” I
ratings are not standardized, the added overhead
expenses for lending agencies to include the energy
costs in their evaluation of mortgages may be

unacceptably high. A national databank of all rated
homes would allow profiling of the energy effi-
ciency of housing stock in any part of the country.
More importantly, typical energy costs for different
house types with different fuel mixes could be
generated. This would allow lenders and buyers to
better evaluate the savings of more efficient houses .50
As a first step in this direction, the National
Affordable Housing Act of 1990 requires HUD to
develop a plan to make housing more affordable
through mortgage financing incentives for energy
efficiency.

Home energy audits. The Federal Residential
Conservation Service (RCS) was created in 1978 to
provide consumers with information on energy
conservation for their homes. It mandated that gas
and electric utilities provide their customers with
on-site energy audits. The program was imple-
mented in 1981 and recently expired. There has been
very little evaluation of the program, and little
reliable information has been kept on its success in
reducing energy consumption.”

Any future Federal initiatives in the utility sector
to provide energy audits should require the audits to
generate a uniform energy rating with regular
reporting of all audited/rated houses. This would
make the data collected from the utility-audited/
rated houses available for future analysis.

Appliance labels. Energy users often have very
little knowledge about appliance energy use and
energy costs (46a). Appliance labels to supply this
information for selected appliances were required by
the National Energy Policy and Conservation Act of
1975. These labels were required on refrigerator-
freezers, freezers, room air conditioners, clothes
washers, dishwashers, and electric and gas water
heaters. These labels provide information on energy
use and costs, and also indicate the highest and lower
energy costs for models with similar features.

Evaluations of the effectiveness of these labels
have been inconclusive. Some have argued that
information, such as appliance labels, are necessary

48The Federal National Mortgage Association and the Federal Home Loan Mortgage Corp. have endorsed this concept and approve HERS for
qualification in the secondary mortgage market. The Federal Housing Administration and the Veterans Administration have their own set of qualified

HERS.

49For a discussion of the technical considerationsin developing HERS, see ref. 69.
S9For example, if an energy-efficient home is being purchased, mortgages could be approved for a higher percentage of a home buyer's income based

on anticipated lower monthly energy expenses.

510ne study (37) concluded that the programs’ contribution t. national energy savings was small. However, some of the State programs worked well,
suggesting that home energy audits could be a successful part of a home energy conservation policy.
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but not sufficient for improving efficiency—that
such information programs, when combined with
financial incentives and other programs, will be
most effective (1 1a).

General information campaigns. As mentioned
above, the Federa Government funds a State-
implemented information service called the Energy
Extension Service (EES). It serves as alocal source
of information on energy use and efficiency. Discus-
sions with State Energy Officers indicate that
generalized advertising was their least effective tool.
They found onsite workshops, auditor training, and
campaigns targeted to a specific group to be their
most effective activities (39). The Federal Govern-
ment has also supported consumer information and
outreach activities by State energy offices (e.g., New
York), trade associations, and national laboratories.

Research, Development, and Demonstration

There are major barriers to private investment in
R&D in the building shell, prefabrication, construc-
tion, and design industries. These barriers include
the fragmented industry structure and the short-term
perspective of many of the decisionmakers. Thus,
the Federal Government has a key role to play in
funding R& D for this sector.

The U.S. Government currently spends a negligi-
ble amount on housing research. In contrast, Swe-
den, with a population of only 9 million, spends
more on research for home construction than the
United States (93). In countries such as Sweden and
Japan, R&D spending has been part of the trend
toward prefabricated housing, which has contributed
to the energy efficiency of homes through standard-
ization of energy saving features and quality control
in the design and manufacture of building compo-
nents.

Areas that could benefit from more governmental
R&D efforts include:

Building shell systems. Items of potential energy-
saving value include wall materials that are highly
insulating and load-bearing, inovative window sys-
tems, and insulating foams that do not need CFCs.

Energy-dficient field practices, In order to fully
realize the advantages of the new, standardized
building components, it will be necessary to evalu-
ate and improve current construction (on and offsite)
techniques and technologies (e.g., joint sealants and
structural support units).

Manufacturing and design tools. In order to
maximize the energy savings possible with new
techniques and technologies, designers need to have
design tools that enable them to factor in energy
efficiency. As was mentioned earlier, the lack of
design tools is a significant barrier to the diffusion
of energy-efficient technologies and techniques.
Similarly, better manufacturing techniques are needed
that will allow builders to cut the costs (and energy
requirements) of producing new construction com-
ponents.

Technology performance, Energy requirements
can be minimized through better prediction of
building performance (66). In many instances the
estimates of how much energy will actually be saved
by certain measures prove incorrect, yet little effort
goes into studies of why thisis so. For example, the
Hood River Conservation Project achieved 40 per-
cent of predicted savings (38). Evaluation programs
should be aimed at boosting measured performance
and developing more accurate estimates of savings.
Equally important is evaluation aimed at anticipat-
ing future problems caused by energy efficiency
measures. For example, as houses are tightened to
decrease infiltration, moisture buildup and indoor air
guality problems can ensue.

Demonstration. As a first step, Congress has
required HUD, in the National Affordable Housing
Act of 1990, to develop a plan to improve energy
efficiency in newly constructed, rehabilitated, and
existing housing; and demonstrate various methods
of improving the energy efficiency of existing
housing. Such projects should encourage the devel-
opment of ‘‘energy-efficiency businesses' that can
bridge the gap between owners, builders, and
occupants of buildings.

The Federal Energy Management Program (FEMP),
administered by the Department of Energy, works
with government agencies to implement cost-
effective, energy-efficiency improvements. Con-
gress could authorize FEMP to test and demonstrate
performance, acceptance, and cost-effectiveness of
new technologies in Federal buildings.
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A World War Il poster encouraging carpooling. Today, urban commuters average 1.2 passengers per vehicle to and from work.
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Chapter 5
The Transportation Sector

INTRODUCTION

This chapter examines the relationship between
activity in the transportation sector and global
warming. It looks at both the technology and the
economics of passenger travel and freight within the
United States and, to a lesser extent, the rest of the
world. In 1987, transport contributed about one-third
of the U.S. total carbon dioxide (CO,) emissions
(figure 5-1 ). Worldwide, transportation is responsi-
ble for about 20 to 25 percent of total CO,emissions
from fossil fuels (27, 73).

Assuming current trends and regulations, we
estimate that U.S. transportation-related CO,emis-
sions will grow by about 25 percent by 2010. The
Energy information Administration (69) forecasts
growth of between 16 and 32 percent, depending on
oil prices. in the developing world, transportation
fuel consumption could nearly triple over the next 20
to 30 years (27), These forecasts imply that the
transport sector will continue to be a major source of
CO,emissions throughout and well beyond this
study timeframe.

A number of measures could be initiated to reduce
CO,emissions from transport, but OTA’s analysis
reveals that it will be very difficult to reduce U.S.
emissions much below 1987 levels through changes
in technology alone. Reducing emissions below
1987 levels by 2015 would require, in addition,
some behavioral compromise such as the acceptance
of smaller cars, carpooling or increased use of mass

Figure 5-I—Contribution of the Transportation Sector
Buildings to CO,Emissions
36%
Non-oil-based 2%
Rail, marine 7%
Aircraft 14%

{// \ ——
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Emissions from transportation,
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(1.3 billion metric tons/year) (0.42 billion metrtc lons/year)

SOURCE Off Ice of Technology Assessment, 1991.

—149-

transit, or lower growth in the expected increase in
demand for highway or air travel.

The difficulty of holding emissions low will be
compounded even further past the 25-year time
horizon of this assessment if population and demand
for travel per person continue to grow, The gains
possible over the next few decades can be easily lost.
Lunger term progress will depend on either lowering
the need for travel (e.g., through innovations in
urban design or telecommunications) or drastically
cutting emissions per mile through use of lower
emitting fuels (e. g., methanol derived from sustain-
ably harvested wood).

To be most effective, any program to promote
more efficient modes of transport and discourage
less efficient ones should incorporate both * ‘regula-
tory push” and “market pull” mechanisms. One
obvious tool is government standards, particularly
for passenger car and light-truck fuel economy. Fuel
economy standards appear to have been an effec-
tive instrument for raising efficiency levels over the
past decade, though some believe that much of the
improvement was due to higher fuel prices. Another
obvious tool is fuel taxes. Though effective, taxes
are more severely felt by low income segments of the
population. Other financially oriented policies, such
asrebates on high efficiency vehicles, do not have
the same near-term potential as fuel taxes alone.
Nevertheless, they could bean important element in
adiversified strategy to reduce CO,.

To help ensure success, a reduction program
could incorporate an extensive group of policies,
some of which may be worth implementing because
they will lay the groundwork for future progress,
because, when taken as a package, they can achieve
larger gains; or even for their symbolic value.
Support of R&D in new technologies (e.g., hovel
engine and transmission designs and lightweight
materials) may result in longer term gains. A
package of strategies to encourage people to change
travel patterns (i.e., parking controls, vanpools or
cat-pools, expanded mass transit, and increased
“‘telecommuting’ can achieve large gains. Stepped
up support for innovation in the above activities
could have significant impacts on the U.S. ability to
control its CO,emissions.
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CURRENT TRANSPORT
EMISSIONS AND ACTIVITIES

Source of Emissions

About 80 percent of transport’s contribution to
global warming comes from the carbon dioxide
released by burning fuel. The remaining 20 percent
comes from chlorofluorocarbons (CFCs) used in
vehicle fabrication and for transport air-conditioning
(see box 5-A).

The United States is the single largest emitter of
transport CO,emissions, with Western Europe and
Eastern Europe following at some distance. The
developing world presently adds about 20 percent of
the CO,from this sector (see table 5-I).

Trends in Passenger Travel

Total vehicular travel per person ranges from an
average of several thousand miles per year in the
industrial countries to several hundred miles per
year in the developing world. Table 5-2 shows trends
in passenger travel for six countries and the primary
means of transportation--private car, buses, rail
water, air. Values for the poorest countries are biased
downward because they omit walking, cycling, and
animal transport (37).

Total travel, car ownership, and travel by car have
all increased steadily throughout the world over the
past two decades, gradually in the industrial coun-
tries and rapidly in the developing countries. Cur-
rently, car ownership ranges from one car per 1.8
people in the United States (in 1987) to one car per
1,075 in the People's Republic of China (see table
5-3). In many of the developing countries, travel and
car ownership have been growing faster than income
(49). Recent political changes and hoped for eco-
nomic progress in Eastern Europe and the U.S.S.R.
could lead to especially large increases in transport-
related emissions in these countries (see box 5-B).

In the United States, travel per person (all modes)
increased from 10,400 miles in 1970 to 13,300 in
1985, an average annual increase of 1.7 percent(11,
40). About 90 percent of travel was by car and light
trucks, 9 percent by air, and 2 percent by bus and rail.
Figure 5-2 illustrates the increase in annua auto
travel per driving-age adult from 1960 to the present.

Table 5-I—Carbon Emissions From Transportation

Transport
share of
Transport Share region’s
Cco* of world fossil CO,
USA. ... 413 36% 30%
Canada and Western
Europe . ............ 266 23 31
Japan, Australia and
New Zealand . .. ... .. 90 8 30
U.S.S.R. and E. Europe .. 171 15 12
S.and E. Asia . . ....... 50 4 19
China................. 19 2 4
Africa................. 40 4 26
Latin America . .. ....... 83 7 36
Middle East . . .. ........ 21 2 14
World total. .. ........ 1,153 22%

‘Transport share of world's fossil-fuel CO, emissions.

SOURCES: U.S. Environmental Protection Agency, Policy Options for
Stabilizing Global Climate, draft report (Washington, DC:
1989), app. B; and ICF Inc., background tables to EPA
stabilization report, personal communication to OTA, 1989.

Figure 5-2—Vehicle Travel per Year per
Driving-Age Adult
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SOURCES: Motor Vehicle Manufacturers Association, Facts and Figures
‘89 (Detroit, MI: 1990). U.S. Department of Commerce, The
Statistical Abstract of the United States (Washington, DC:
1989).

These trends reflect changing economics, demo-
graphics, and settlement patterns. As the large
post-war “baby boom” generation and unprece-
dented numbers of women moved into the
workforce, employment increased much faster than
the total population—it grew even in metropolitan

1As detailed in box 5-A, U.S. CFC emissions total about 53,000 metric tons of CFC-12 and 15,000 metric tons of CFC-11annually. U.S.CO,
emissions from transportation amount to about 420 million metric tons of carbon per year. One ton of CFC-12 has a global warming potential equal to
about 2,000 tons of carbon (28). The corresponding figure for CFC-11 is about 950.
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Box 5-A-Chlorofluorocarbons in the Transportation Sector

Chlorofluorocarbons (CFCs) are used in transport as working fluids for air-conditioning, and in smaller
quantities in foam seats, padding, and insulation. Because of their destructive effect on the stratospheric ozone layer,
they have been restricted by an international agreement, the recently ratified Montreal Protocol (see box 2-C in ch.
2). These compounds are also major contributors to global warming.

Three CFCs are used in transport: CFC-12,CFC-11, and CFC-113, al controlled under the Montreal Protocol.
CFC-12 is the working fluid in auto air conditioners, and is also used for blowing rigid foam insulation. CFC-11
is used in vehicle manufacture for blowing flexible foam seat cushions and interior padding, and for blowing rigid
foam insulation in refrigerated trucks and rail cars. CFC-113 is a solvent used for cleaning €lectronic components
in vehicle manufacture. Table 5A-1 shows estimated 1985 CFC use in American transport. The largest component,
CFC-12 in mohile air-conditioning, represents about 20 percent of total U.S. CFC use.

All three of the CFCs currently used in transport will have to be cut back under the terms of the Montreal
Protocol. For each of them, there are new techniques or substitute materials under development to reduce emissions.
Just as the CFCs differ in their ozone depletion potential, they also differ in their relative greenhouse effect. Chapter
2 discusses both the ozone depletion and greenhouse potential for the three CFCs used in transport and some
possible substitutes,

Although emissions of CFCs are much smaller than emissions of CO,, the greenhouse potential per ton of
CFC-12 is roughly 2,000 times greater than that of CO,(measured in tons of carbon) (28), so the CFC contribution
to human-induced warming is significant. CFC emissions from all sources (not just transportation) are estimated
to account for about one-quarter of the current effect from all greenhouse gases (28).

The United States dominates the world mobile air-conditioning market, and mobile air-conditioning dominates
U.S. CFC usein transport. In the 1986 mode! year, 80 percent of new U.S. domestic cars and light trucks, and 50
percent of imports, were air-conditioned. About 65 percent of the total U.S. vehicle fleet was air-conditioned in 1985
(45). In contrast, only 20 percent of new vehicles-sold in the rest of the world are air-conditioned (24); because
air-conditioning is growing, the fraction in the fleet would be lower still.

Of the 115 million pounds of CFC-12 produced for U.S. mobile air-conditioning in 1985,35 percent went to
charging new systems, 25 percent to recharging after leaks, 35 percent to recharging after service venting, and 7
percent to recharging after accidents.

New compounds are being developed to replace CFC-12 in air-conditioning systems. HCFC-134ais a
promising replacement candidate because it resembles CFC-12 closely enough to be used in existing systems. It
will require development of new lubricants, though, because it is not soluble in present mineral oil lubricants, and
still requires severa years of toxicity testing. Other possible substitutes include HCFC-22, mixtures, and
hydrocarbons, but these presently require substantial system redesign and retooling. DuPont has recently announced
apromising new blend requiring minimal retooling (2).

For blowing flexible foams, several aternative
blowing agents are available. Carbon dioxide and
methylene chloride are both used at present (58), and
a new water-blown process is under development
(38a). For cleaning electronic components, methyl
chloroform can replace CFC-113 in many but not all
applications. Nearly complete capture and recycling of
CFC-113 will be possible, though (38a).

In summary, CFCs are a significant contribution
to total transport greenhouse emissions, especialy
through leaks from mobile air-conditioning systems.
Control of CFCs in transport will likely continue to be
driven by concern over ozone depletion. Greenhouse
considerations, though, should preclude a strategy
based on replacing present CFCs with new ones that
are less damaging to stratospheric ozone but just as
active as greenhouse gases.

Table 5A-1—1985 U.S. Transport CFC Usg,
Millions of Pounds

CFC-11 CFC-12 CFC-113

Air-conditioning ........... 1131

Foam seats and padding . . .. 24a

Rigid foam insulation . ... ... 7.8 25
Solvents ................. b

aUse of CFC-11 for flexible foams is about 33 million pounds, which
includes furniture, bedding, packaging, and carpet underlay aswell as
vehicles. Unestimated 24miltion pounds isthe transport share, based
on roughly 2 pounds for each of the 12.2 million light vehicles
manufactured in the United States in the 1986 model year (38a).

%o0tal CFC-113 use for solvents was 164 million pounds. Transport
share not available,

SOURCE: T.G.Statt, “The Use of CFCs in Refrigeration, Insulation,
and Mobile AC in the U.S.,” paper prepared for the EPA
Conference on Substitutes ancAlternatives to CFCs and
Hal/ens, Washington, DC, Jan. 13-15, 198S.
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Table 5-2—Trends in Passenger Travel for Six Selected Countries

Mode shares (percent)

. Road
Passenger miles People
per person per car (private) (public) Rail Water Air
Brazil .............. 197cCl 752 34 28 66 5 0 2
198CI 2,270 15 33 62 3 0 2
China.............. 197C’ 76 27,700 — 23 70 7 0.2
1980 145 - — 32 61 6 18
India ..., .......... 1970° 263 902 7 52 41 0.5
1980 487 718 7 52 41 0.9
Japan . ............ 1970 2,700 12.0 51 12 34 1 2
1980 3,366 4.9 57 11 26 1 5
United Kingdom . . . .. 1971 4,817 —_ 79 12 9 0.4
1981 5,643 3.6 85 8 7 0.6
USSR............ 1970 1,624 147 6 38 43 1 12
1980 2,976 32 19 41 27 1 13

NOTES: 1. The division of road transport into private and public for Japan, Brazil, China, and India is estimated based on other studies.2

2. Walking and cycling, Iarge modes in China and India, are excluded.

aFor Japan, a 1968 Tokyo study on trip split has been used for 1965 and 1970 (81 percent private, 19 percent public; Moavenzadeh and Geltner, table 4-14),
and aggregated mode splits for Japan, Australia and New Zealand in 1979 used for 1980 (84 percent private; Ang, table 6.6). For Brazil, a 1867 Sao Paolo
trip survey has been used for 1965 and 1970 (30 percent private; Moavenzadeh and Geltner, table 4-14), and a 1977 trip survey of all metropolitan areas for
1980 (Poole, table 3.2). For China, because of extremely low auto ownership, all road travel has been called public. For India, a crude estimate was derived
from registration data presented in Dunkerley et al. It was assumed that annual miles per bus were triple the value for autos, and that buses averaged 30
occupants versus 2 for automobiles. These assumptions yielded estimates of 89 percent private in 1965, 88 percent in 1970 and 1980.

SOURCES: B.W.Ang, “Modelling World Energy Demand for Transport,” Discussion Paper EDP 28 (Cambridge: Cambridge University, Energy Research

Group, Aug. 25, 1983); J. Dunkerley et al., “Energy and Transport: The Indian Experience,” Pacific and Asian Journal of Energy, 1987; G. Leach,

L. Jarass, G. Obermair, and L. Ho ffmann, Energy and Growth: A Comparison of 13 Industrial and Developing Countries (London: Butterworth

Scientific, 1986); F. Moavenzadeh and D. Geltner, “ Transportation, Energy, and Economic Development: A Dilemma in the Developing World,”
Energy Research, Volume 5 (Amsterdam: Elsevier, 1984); Motor Vehicle Manufacturer’s Association, Facts and Figures (Detroit, MI: various

years); A. Poole, “Energy and Transport in Brazil,” report to U.S. Agency for International Development (Washington, DC: Resources for the
Future, January 1983) ;A. Tretyakovaand B. Kostinsky, USSR: Motor Fuel Use and Conservation in Transportation and Agricufture,1970to 1984,

Center for International Research, U.S. Bureau of the Census, CIR Staff Paper No. 32 (Washington, DC: December 1987); J. Yenny and L.V. Uy,

“Transport in China,” World Bank Staff Working Paper No. 723 (Washington DC: 1985).

areas that lost population between 1960 and 1980.
The accompanying increase in work travel accounts
for much of the growth in per-capita car ownership
and travel. Also during this period, low-density
suburbs grew more rapidly than central cities.
Although data are ambiguous on whether or not
average trip length has increased, it seems plausible
that it increased through the 1960s, and has leveled
off or declined since the 1970s.’

Thelarge increasein air travel since 1960 can be
attributed both to rising personal incomes and to the
declining real cost of air travel brought about by
technological advance and, in the 1980s, deregula-
tion. Events of the last few years suggest, though,
that industry consolidation may bring higher real
prices, moderating current growth trends.

In 1985, passenger travel accounted for two-thirds
of the energy consumed in U.S. transport. The other
major energy user was freight, which consumed

roughly one-quarter of the total transport energy.
(12).

Trends in Freight

Freight has been growing worldwide at roughly
the same rate as gross domestic product (GDP) in
OECD countries and faster than GDP elsewhere (32,
44,60, 77). Freight intensity (ton-miles of freight per
dollar of GDP) varies greatly among countries,
generally as a function of country size, population
density, and economic structure. Intensity increases
as an economy moves from agriculture into primary
industry, then declines slowly as an economy shifts
toward secondary manufacturing and services. U.S.
freight statistics have followed this trend.

In 1987, U.S. freight activity amounted to about
11,000 ton-miles per person. About 37 percent was
by rail, 25 percent by road, 22 percent by pipeline,
16 percent by water and less than 1 percent by air.
These shares have been roughly constant since the

‘See discussionsin table 3.26 of ref. 43 and refs. 30 and 34.
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Table 5-3--World Auto Registrations, 1987

Cars Population

Continent/country (thousands) per car
North & Central America
Canada.................. 11,500 2.2
Honduras ................ 30,000 170
Mexico................... 5,402 16
USA. ............. ... 137,323 1.8

Total .. ..o 156,776 2.6
South America
Argentina................ 4,060 8
Brazil .................... 9,527 16
Colombia................ 579 55
Peru..................... 390 56

Total .................. 17,165 17
Asia
China.................... 995 1,075
India.................... 1,471 566
Indonesia................ 974 193
Japan................... 29,478 4.2
Pakistan . ................ 272 404

Total .................. 43,782 65
Oceania

Total .................. 8,666 24
Africa
Egypt........... ... ... ... 417 131
Nigeria................... 774 149
South Africa Republic ... ... 3,078 12

Total .................. 7,860 80
Europe
France ................... 21,950 2.5
Germany, East . ........... 3,462 4.8
Germany, West . . . ........ 28,304 2.1
ftaly . ... 22,800 2.5
Turkey . ... 1,193 46
USSR. ... 13,000 22
United Kingdom . . ......... 20,096 2.8

Total .. .o 159,958 5.2
World total
1987 .. 394,209 13

SOURCE: Motor Vehicle Manufacturer's Association, Facts and Figures
'89 (Detroit, Ml 1990).

mid-1970s, while over a longer period freight has
shifted gradually from rail to truck and pipeline.
Continued movement of producers to suburbs, often
far from rail spurs, and increased use of sophisti-
cated inventory management (e.g., just-in-time de-
livery systems) is likely to provide a continuing
advantage to trucking or novel combinations of road,
rail, and other modes.*Worldwide, continuing
industrialization in the developing countries will
likely offset reductions in U.S. freight intensity. For

Figure 5-3-Trends in New Passenger Car Fuel
Economy, 1978-90
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SOURCE: R.M.Heavenrich and J.D.Murrell, “Light-Duty Automotive
Technology and Fuel Economy Trends Through 1988,” U.S.
Environmental Protection Agency, Office of Mobile Sources,
EPA/AA/CTAB-88-07 (Ann Arbor, MI: June 1988).

example, between 1960 and 1980, the freight
intensity of Korea increased by more than 40
percent, that of Brazil by over 25 percent (77).

Trends in Efficiency

The energy efficiency of transport has increased
both in the United States and worldwide. The largest
gains have been in American light vehicles (see fig-
ure 5-3). New-vehicle average fuel economy almost
doubled (from 13 to 24 miles per gallon (mpg))
between 1973 and 1985 through the combined
effects of technical progress, ail price shocks, and
regulation (29). During the same period, new-car
efficiencies in the United Kingdom increased from
21 to 31 mpg; in Japan, from 23 to 30 mpg; and in
West Germany, from 23 to 31 mpg. Almost no
efficiency gains have been made in new vehicles
since 1985, however (11, 25).

In freight, the broad trend worldwide is towards
energy-intensive modes, but with substantial effi-
ciency improvements within each mode. For exam-
ple, in the United States, truck freight efficiency
improved by 20 percent between 1970 and 1985
(66). Less dramatic but nevertheless substantial
efficiency gains have been made in other modes
worldwide.

3An uncertain factor in future freight demand and structure, t least in the OECD, i recycling. As total material demands become smaller, a larger
fraction can be met by recycled materials. This fact changes the basic path of material travel through the economy from a once-through trip to a circular
one. The overall effect on total freight requirements could be an increase or decrease. (For more on recycling, seech. 6.)
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Box 5-B-Transportation Energy Use in Eastern Europe and the U.S.SR.

Eastern Europe--The transportation sector currently accounts for about 13 percent of energy demand in
Eastern Europe. Railroads account for 30 to 55 percent of total passenger miles, depending on the country, and for
a greater share of freight transport (31). While railroads are expected to remain important, passenger and freight
transport are expected to increasingly shift to private cars and large trucks, especially as per-capita car ownership
increases. Air travel also is expected to increase rapidly.

Kolar and Chandler (31) projected that if only minimal improvements occur in automobile fuel economy,
PI’I mary energy demand in the sector will more than double by 2025. In contrast, significant increases in vehicle

el economy (e.g., from the current East European average for passenger cars of 27 miles per gallon to 47 miles
per gallon) and conversion of the truck fleet from predominantly gasoline-powered to predominantly
diesel-powered engines, could limit energy demand growth in this sector to about 50 percent.

U.S.SR.—IntheU. SS.R., transportation is responsible for about 12 percent of total fossil fuel carbon
emissions (60). The most prevalent modes of passenger travel are public transportation (40 percent) and rail (25
percent). ‘The U.S.SR. has about 45 personal cars per 1,000 people, roughly one-tenth the ratio in Western Europe
and the United States. This situation is likely to change as more automobiles become available and as per-capita
incomes rise. U.S.S.R. passenger car production increased dramatically during the 1970s; while growth plateaued
during the early 1980s, at least three new auto assembly plants are planned and production is expected to increase
again in the 1990s.

Freight transportation accounts for a much larger sham of transport fuel consumption in the U.S.S.R. than
passenger transportation. In 1982,66 percent of freight transportation was by rail, 22 percent by river or ocean, and
9 percent by truck (60). Truck transportation traditionally has been based on gasoline engines, rather than diesel
engines, which are more energy-efficient.”However, the portion of diesel-powered trucks is slowly increasing,
which partly explains why total freight turnover increased by 40 percent between 1975 and 1985 even though total
fuel consumption remained unchanged (60).

There is little doubt that energy use in passenger transportation will increase, but how fast demand will grow,
how fast it will be satisfied by domestic production of passenger automobiles, and what type of fuel will be used
are unknown. Soviet vehicles tend to be inefficient and highly polluting, so opportunities exist to reduce emissions
by producing new cars using more modern technologies and new car designs. The U.S.S.R. aso could attempt to
strengthen and improve its well-developed urban transportation system, which would partially offset growth of

passenger automobile use.

IPrivate cars account for 19 percent and air travel accounts for 13 percent.

2In 1984 diesel-engine trucks comprised only 19 percent of Soviet truck freight haulage, compared with over 80 percent m Western
Europe, and more than 40 percent in the United States (60).

TECHNOLOGICAL AND Reducing Vehicle Miles Traveled

INSTITUTIONAL INFLUENCES
ON EMISSIONS

Three factors—population growth (especially in
developing countries), miles traveled per person,
and greenhouse gas emissions per unit of travel—
will determine future world transport greenhouse
emissions and the trgjectory of emissions growth.
These factors will in turn be influenced by the
economic development of different countries or
groups of countries and by a number of technologi-
cal and institutional forces, many, but not all, of
which are amenable to policy intervention (see last
section of this chapter).

Very little travel is done for intrinsic pleasure;
people travel in order to get somewhere they want to
be. In the United States, travel for work, travel for
family business, and travel for recreation each
account for roughly one-third of passenger vehicle
miles traveled (VMT) (38). Existing settlement
patterns, economic activity, and available transpor-
tation infrastructure determine both how much travel
is needed and how it is accomplished.

Americans exhibit a strong preference for travel-
ing in cars and light trucks, primarily alone. Since
passenger travel consumed two-thirds of U.S. trans-
port energy in 1985 and nearly 90 percent of that was
in light vehicles (i.e., cars and light trucks), control-
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ling light vehicle VMT would have a large effect on
transport CO,emissions (11). However, the only
ways to reduce light vehicle VMT are to displace
single-occupancy driving with other transportation
modes, reduce the need for trips through atered
work scheduling (e.g., 4-day workweeks) or by
combining errands, or to shorten each trip through
better urban design.

The primary alternatives to single-occupancy
driving are carpools and mass transit. American
ridership shares of public transit remain low, in
contrast to some non-U.S. cities (see box 5-C).
Strategies to reduce the number of single-occupancy
car trips include: improved mass transit, employer
rideshare and mass transit incentives, parking man-
agement (higher parking meter fees, eliminating
employer-subsidized parking, etc.), vanpool pur-
chase incentives, auto use restrictions, and high-
occupancy vehicle (HOV) lanes. Collectively such
measures are referred to as transportation control
measures (TCMs)

Several key generalizations about TCMs can be
drawn from past programs to reduce air pollutionin
various cities (63). First, TCMs will be most
effective if implemented as a package of several
measures simultaneously. For example, ridesharing
programs and mass transit are likely to be more
successful if some highway lanes are restricted to
buses and carpools, or if parking in business districts
is restricted or expensive. A recent comparison of
the business districts of San Francisco, Portland,
Seattle and Denver found that transit shares were
highest in the cities with the highest parking prices
and most limited parking (26). In general, larger
reductions in emissions are likely to be achieved if
TCM programs are coordinated throughout an area
and over an extended time horizon, than if measures
are developed on a piecemeal or sporadic basis.
Major capitol projects such as development of mass
transit obviously require long lead times and sus-
tained efforts.

TCM programs have to be tailored to each
individual area, and thus must be implemented
locally. Critical local characteristics that need to be
considered in developing TCM programs include:
population and employment distributions and densi-
ties, city layout and transportation routes, highway
system capacity and level of congestion, access to
mass transit, and parking availability and costs.

Finally, the success of many transportation con-
trol measures depends to a large degree on public
acceptance and participation. In the absence of
widespread support, past experience indicates that
political resistance to involuntary restrictions on
peoples’ modes or amount of travel can be insur-
mountable.

The Role of Land-Use Planning

Land-use patterns play an important role in either
tying people to their cars or facilitating other modes
of transportation. As an illustration, people who live
within afew miles of work might choose to walk or
bike. But where urban areas consist of sprawling
residential suburbs and separate business districts or
industrial parks, few people have these options. A
recent comparison of 10 U.S. cities found that per
capita gasoline consumption is relatively low in
cities with high population and job density, and
relatively high in cities with abundant roads and
parking. Per capita gasoline consumption is 10 times
higher for residents of suburbs outside of Denver
than for residents of Manhattan (39).

Between 1980 and 1986, about 85 percent of the
population growth in the United States was in
metropolitan areas. About three-fourths of that
growth occurred in the suburbs of those areas.
According to a task force formed to advise the

Photo credit: American Public Transportation Association

The Southwest Ohio Regional Transit Authority
promotes public transportation with billboards like this one
in Cincinnati, OH.
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Box 5-C-Successful Urban Bus Systems

Every author who looks at public transit concludes that Americans just don’t like it. This could change. Many
cities in other industrial countries have efficient, heavily used public transit systems; some cities similar in many
ways to American ones have attracted large numbers of motorists to public transit through service improvements.

Ottawa, Canada a metropolitan area of about 600,000, began a mgjor transit improvement in the mid-1970s
(coupled with the abolition of free parking downtown for Federal public servants). The cornerstone of the program
was construction of a 20-mile dedicated busway, separated from other traffic but with ramps feeding into arterial
roads at major stations, spaced at about |-mile intervals. The program also included premium-priced express service
between outlying suburbs and major employment centers, expanded connections to intercity terminals, mom buses,
and many operating innovations.

The program's success has been impressive. A greater per centage of people ride the bus in Ottawa than in any
other medium-sized city in North America. Along major suburban corridors, 23 to 45 percent of ail trips are taken
in buses. That is up from 2 to 20 percent in 1971. The system covers a steady 60 percent of operating costs from
revenue.

Curitiba, Brazil, is aprosperous and rapidly growing metropolitan area with a population of about 1.5 milliom’
Faced with bad traffic congestion in the early 1970s, the city developed acomprehensive public transport plan based
on a 35-mile network of separated bus lanes along the medians of radial arterial roads. The lanes are not grade
separated at intersections, but have signal priority. The system is operated by several private companies with
coordinating management committees to oversee such matters as intercompany reimbursementfor transferring
passengers. Fares are low, and the companies are profitable.

In 1970, about 40 percent of trips in Curitiba were made by private auto, indicative of the higher incomes here
than in other Brazilian cities. (The nationwide average for metropolitan areas was 30 percent.) The remarkable
success of the transport system is that between 1970 and 1980, while Curitiba's auto fleet grew by more than 10
percent per year, the fraction of metropolitan trips made by auto declined to 30 percent

The experiences of both Ottawa and Curitiba suggest that attracting riders from cars to public transit depends
on comprehensive attention to details of service convenience and quality. Major gains can be made when, because

1This section IS drawn from ref. 36.
2This section iS drawn from ref. 44,

of priority treatment on congested roads, public transit is faster and more convenient than driving.

Federal Highway Administration (FHWA), this
pattern of growth is expected to continue (20).
However, growth in the suburbs does not necessarily
have to mean more and longer commutes in private
cars. The FHWA's task force anticipates that the
density of residential development in the suburbs
will increase as rising housing costs and declining
household sizes necessitate construction of apart-
ments and compact townhouses rather than expan-
sive subdivisions (20). This increase in density
could facilitate transit service. And, some analysts
have suggested, land-use policies could guide devel-
opment to limit reliance on driving.

Land-use planning and regulation are tradition-
ally activities carried out by local governments,
whereas transportation planning is more apt to be a
State or regional responsibility. Land-use policies
are implemented through local zoning laws and
permit requirements for subdivision and commercial

site development. Permit reviews typically ensure
that public works (e.g., water, sewers, roads, inter-
changes, and parking) are adequate to support the
development. Interaction between transportation
and land-use planning agencies usually takes the
form of assessing the impacts of new developments.
The number of trips that would be generated by a
proposed development is estimated and compared
with the capacity of nearby roads and intersections.

If a transportation system is inadequate to support
new development, it maybe expanded, sometimes at
a developer’'s expense. Increasingly, where funds are
limited or congestion is already an issue, developers
are being required to take steps such as providing
convenience stores on site or providing transit
shelters or bike paths, in order to reduce potential
transportation impacts. Downtown developers in
several cities have been faced with caps on the
number of parking spaces they can provide. In Los
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Angeles, area-wide land-use regulations are being
developed to help reduce traffic congestion and air
pollution. The guiding principles include: promot-
ing development in areas with existing mass transit
services; encouraging development within devel-
oped areas to increase population density and thus
make transit services easier to provide; and promot-
ing housing construction in job-rich areas or em-
ployment opportunities in residential areas. Due to
the links between land-use policies, jobs, and tax
revenues, local political resistance is apt to be the
major problem in trying to modify land-use regula-
tions (12).

Factors Affecting Carbon Dioxide
Emissions Per Mile

Carbon dioxide emissions per unit of travel are
largely determined by two types of factors: operation
and maintenance practices (including occupancy
level, the speed at which vehicles are operated, and
vehicle tuning) and vehicle efficiency technology
(including such market-determined factors as the
average size and power of vehiclesin the fleet),

Vehicle speed has a significant effect on fuel use
(figure 5-4). The lowest fuel use per mile (and thus
lowest CO,emissions per mile) occurs in the range
of 35 to 45 mph. Traveling at 65 mph typically
resultsin 20 to 25 percent higher CO,emissions per
mile than traveling at 55 mph. Traveling at 75 mph
results in about 50 percent higher emissions. Speeds
lower than 35 mph, often a result of highway
congestion, result in higher emissions, as well.
Increasing urban highway congestion has, and will
continue to, cut overall on-road efficiency (see box
5-D).

Even if revived public transit reduces projected
VMT growth, cars and light trucks (pickup trucks,
minivans and four-wheel drive * ‘sport’ vehicles)
will continue to dominate U.S. transport. Assuming
the mix of types and sizes of vehicles remains about
the same, the single most important factor determin-
ing future transport energy use and CO,emissions
will be the rate of light vehicle efficiency gains.
Today’s best production models and prototypes
surpass 50 mpg and 80 mpg respectively, indicating
that cars can be much more efficient than they are,
on average, today (see table 5-4). More efficient cars
make some sacrifices in performance and size, but,
with further development, significant efficiency
gains should be possible even with today’ s vehicle

Figure 5-4—The Effect of Vehicle Speed on
Fuel Consumption
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SOURCE: S.C.Davis, D.B.Shonka, and P.S. Hu, Automated Transporta-

tion Energy Data Book (Oak Ridge, TN: Oak Ridge National
Laboratory, May 31, 1988), table 3.35.

size and performance. The rate of improvement
possible for the entire fleet is discussed in detail in
“OTA Emission Reduction Scenarios, ” below.

In addition to efficiency gains from new technolo-
gies, additional improvement can be had by shifting
sales to smaller cars. Difiglio et a, (14) estimate that
by 2000, a new-vehicle fleet-average efficiency of
about 39 mpg is the maximum technologically
achievable without changing the size mix of the
fleet. An additional 5 to 7 mpg average is possible if
between 75 and 95 percent of car purchases are from
the smaller, most fuel-efficient car lines. However,
not all consumers would be satisfied with these
vehicles. Moreover, shifting to smaller vehicles
raises safety concerns (see box 5-E).

Large efficiency gains can be achieved if consum-
ers will accept much smaller, lighter, and less
powerful cars as second vehicles. While limited in
applications, very small cars are suitable for some
purposes such as urban commuting. |f a substantial
fraction of mileage was driven in cars sized for the
number of passengers traveling and the purpose of
the trip-say, 20 percent of vehicle miles in half-
width cars getting 120 mpg and the remainder at 34
mpg (the average we forecast for the year 2010)--
then fleet average efficiency would increase by
about 6 mpg. Whether such vehicles could meet
safety requirements is unknown, however.
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Box 5-D-Congestion

Traffic isincreasing in many cities. Average automobile speeds in London are reportedly as low as 8 miles
per hour (mph), and in Tokyo speeds are even lower (46). In Los Angeles, average speeds are expected to decline
from about 35 to 19 mph between 1984 and 2010 (55). A drop in average speed in the range expected in Los Angeles
could result in a one-quarter reduction in average automobile fuel economy for these vehicles.'

According to the Federal Highway Administration, in 1987, congestion on U.S. freeways alone created about
2 billion hours of delay and wasted about 2.2 hillion gallons of fuel due to the negative effects of stop-and-go driving
on automobile fuel economy (33). This amounted to about 2 percent of total gasoline consumption in the United
States in 1987. The cost of this loss in productivity (i.e., time lost sitting in traffic) and excess fuel consumption
totaled about $16 billion in 1987. If no further improvements are made to our transportation system, by 2005,
congestion-induced gasoline use on freeways is expected to contribute about 12 percent of the total consumption
(68).

To mitigate the congestion wrought by the projected growth outlined above, we can choose to either improve
the highway system or take steps to reduce the rate of growth in vehicle miles traveled (VMT). Increasing the
capacity of, and the traffic flow on, existing highways could ease congestion, but the benefits may only be temporary
since VMT growth could eventually meet and surpass future capacity. Reducing the rate of VMT growth, or
demand through the adoption of transportation control measures can also help ease congestion, but such measures
require region-wide cooperation among municipalities as well as public acceptance and participation. In a strategy
that targets both transportation supply and demand, the Los Angeles area estimates that traffic delays in 2010 can
be reduced by 50 percent over what they would have been without any further improvements.

IThis estimate assumes that the relationship between fuel economy and speed is linear between 20 and 35 mph (see ref. 33), and that the
average automobile fuel economy of late-model-year automobiles is about 25 miles per gallon at 20 mph and about 34 miles per gallon at 35
mph (seeref. 11).

Table 5-4:—Projected Fuel Economy Impacts of Auto Technical Changes

Energy and Environmental

Analysis study (2005) Cheng study (2010)
mpg improvement** mpg improvement’*
Source of change (percent) (percent)
Platform:
Weight reduction . ..................... 11-14.3 10-20
(2,450-2,600 tbs.) (2,150-2,535 Ibs.)
Aerodynamics . ... 7.1-8.8 2-3
Rolling resistance and lubricants . ........ 3-4 2-3
ACCESSOTIeS . ..ot 1.5-2 2.3
Engine:
Spark ignition . ... ..o 13-15.6 5.3-6.5
(includes 2-stroke)
Prechamber diesel .................... 15
Directdiesel ..............oviii... — 6.2-11.6
Transmission:
Conventional . .............ccoveiin.. 4-6 2.75
Continuously variable transmission . ... ... 0.9-1.5 3.4-5.9
Engineon-off ....... ... .. ... L 0.3-0.7
Overall new car testmpg . ...... .. ey 443 -48.1 35-41
Fleeton-road mpg ...........cooviuiinn. 37-40° 29.6 -34.2

8FEEA's gains are estimated relative to a typical 1987 car weighing 3,070 pounds and achieving 28.0 mpg.

bCheng's gains are estimated relative to a typical 1985 car weighing 2,900 pounds and achieving 27.0 mpg.

°Gains shown here waeight each author’s estimated technical effect by his estimated market penetration.

SEEA does not present fleet on-road mileages. This figure is calculated assuming the same ratio between newandtleet

figures as in Cheng.

SOURCES: Derived from H.C.Cheng, “Potential Reductions in U.S. C0,Emissions in 1995 and 2010 by Technology
Improvements in Electricity Generation and Transportation Sectors” (Upton, NY: Brookhaven National
Laboratory, Process Sciences Division, April 1988); Energy and Environmental Analysis, Inc.Develop-
ments in the Fuel Economy of Light-Duty Highway Vehicles, draft final report for U.S. Congress, Office of
Technology Assessment (Arlington, VA: June 1988).
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Efficiency improvements are more readily adopted
in other modes than in private vehicles for two
reasons. First, commercial operators pay more

Box 5-E—Safety v. Efficiency

Are efficient cars necessarily more dangerous?
Other things being equal, a larger and heavier car is
both safer and less fuel-efficient (9). Any factor that
shifts the vehicle fleet toward smaller and lighter
cars-with other factors held constant-will in-
crease fatalities; the National Highway Traffic
Safety Administration (NHTSA) states that major
downsizing of vehicles to increase fuel economy
above 27.5 mpg would result in increased fatalities
and injuries (72). This argument applies not just to
standards, but also to any market or regulatory
effect that pushes toward lighter cars.

NHTSA analyzed single-vehicle crashes involv-
ing passenger cars (through model year 1986) for
the years 1970 to 1989 (72d). In nonrollover
crashes, reduced car weight had little or no effect on
the risk of fatality but was related to a small increase
in the risk of nonfatal injury. In rollover crashes,
however, smaler cars had art increased risk of fatal
injury of about one-third; under the same crash
conditions, narrow, light, short cars had higher
rollover rates than wide, heavy, long cars.

The Insurance Institute for Highway Safety
(IIHS) examined actual death rates in car crashes,
by car size, body style, and age and sex of driver
(274). Only 1 small car was among the 10 with the
lowest death rates, while 12 small- and 3 mid-sized
cars were among the 15 with the highest death rates.
Cars with high percentages of young and/or male
drivers tended to have higher death rates.

However, good design and safety features can
offset the effect of decreasing vehicle weight, as the
steady decline in fatalities per mile traveled since
the mid-1970s illustrates.' Moreover, the IIHS
analysis reveals that some small carsin several of
the body style categories exhibited actual fatality
rates that are just as low as those of the best
mid-sized and large cars.

Nevertheless, a substantial move to smaller and
lighter cars while maintaining or improving occu-
pant safety will continue to be a major engineering
challenge.

IBetween 1975 and 1988 new-ear fuel economy doubled and
average weight declined by 1,000 pounds, but deaths dropr)ed
from 3.6 to 2.4 per hundred miition vehicle miles. This decline
represents a combination of technical advances, increased
seatbelt USE, and crackdowns on drunk driving.

attention to life-cycle costs. Second, each vehicle
typically is operated more often so that fuel is a
larger fraction of total life-cycle cost. As mentioned,
the trend in freight is towards more energy-intensive
modes (i.e., trucks) but also greater efficiency within
those modes.

Air efficiencies are also improving thanks to
technological advancements and changed routing
(which increases the number of passengers per trip).
The next generation of aircraft, which could start to
appear in the mid- 1990s, could make use of ad-
vances in engines, wings and general aerodynamics,
and lightweight structural materials that would yield
significant savings in energy per seat-mile. For
example, current airplanes such as the Boeing 757
and 767 achieve 70 seat-miles per gallon (with a full
airplane). Boeing forecasts that the 7J7 will achieve
130 to 150 seat-miles per gallon and that it might be
possible to have an airplane operating at 200
seat-miles per gallon early in the 21st century (59).
Similarly, innovations in nonrail freight (e.g., trail-
ers that double as railroad cars and the use of
wingsails to help power ships) can further reduce
transport energy intensity.

This assessment assumes petroleum will remain
the fuel of choice in both passenger and freight
modes through 2015. However, other fuels are under
development, including methanol derived from nat-
ural gas (and, past the timefrarne of this study,
possibly from coal), ethanol derived from corn or
wood, and natural gas in compressed or liquefied
form.

These alternative fuels are being considered for
reducing urban air pollution but not all are good
candidates for lowering emissions of greenhouse
gases (see table 5-5). Methanol made from natural
gas will have a negligible to modest effect on
reducing greenhouse gas emissions. Natural gas
systems can leak and since methane-the prime
constituent in natural gas—is a powerful greenhouse
gas, even low leak rates can offset much of the at best
modest gains achieved by switching from oil to
compressed natural gas. Gas or methanol made from
woody biomass offers considerable reduction poten-
tial, but only if emissions are offset with additional
biomass growth. (Wood emits a high amount of CO,
for every useful unit of energy it provides. Seech. 7.)

Electric vehicles will produce more CO,emis-
sions than gasoline vehicles if recharged with
electricity from coal-fired plants but amost no
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Table 5-5-Greenhouse Gas Emissions
From Alternatively Fueled Vehicles

Percent change

Fuel and feedstock from present
Methanol:
M85, current natural gas conversion
technology . .........cooviiii... -2
M100, improved vehicle and gas
conversion technology . ............. -17
M100, improved vehicle and best coal
conversion technology . ............. +25 to +30
Natural gas:
Compressed, from domestic sources. . . . . -14to o
Biomass fuels:
Ethanol from corn using coal for
processheat...................... —lo to +30
Synthetic natural gas from woody
biomass .......... ... ... oo -70 to —60
Methanol from woody biomass . ......... -70
Electricity:
Recharging from coal-fired plant......... +5
Recharging from current electricity mix. . . . -23
Recharging from best gas turbines . ... ... -45
Recharging from nuclear plants. . ........ -80
Recharging from solar or hydropower . . .. -85
Hydrogen:
Hydride vehicle, nuclear electrolytic
hydrogen........ ... ... ... .. ... -55
Liquid hydrogen, all solar hydrogen . ... .. -85

SOURCE: Modified from M.A. Deluckhi, State-of-the-art Assessment of
Emissions of Greenhouse Gases From the Use of Fossil and
Nonfossil Fuels, With Emphasis on Alternative Transportation
Fuels, draft report (Davis, CA: University of California, June 3,
1990), table 10. Estimates recalculated by M.A.Del uchi, Dee.
11, 1990.

emissions if renewable or nuclear sources are used.
Improved vehicles recharged with electricity from
the current U.S. mix of powerplants might lower
emissions per mile by about 25 percent. Hydrogen
(if generated from renewable or nuclear energy)
offers significant long-term potential, but is the least
technically advanced of any of the options. Table 5-5
compares greenhouse gas emissions from alternative
fuel and gasoline vehicles. For more information on
the status of alternative fuel vehicles, see a recent
OTA report, Replacing Gasoline: Alternative Fuels
for Light-Duty Vehicles (64).

OTA EMISSION REDUCTION
SCENARIOS
OTA developed a general energy accounting

model to track the effects of various policy measures
on U.S. CO,emissions’(see app. A). Within the

transportation sector, we forecast about a 35-percent
increase from 1987 emission levels by 2015 as our
“Base case” scenario. By simulating a series of
Moderate control measures in the model, CO,
emissions were held to about a 20 percent increase
by 2015. Only under our Tough scenario did CO,
emissions fall below current levels, to about 10
percent below 1987 emissions. Table 5-6 includes
details about the control measures in the Moderate
and Tough scenarios. We assume that gasoline
prices rise to about $2.00 per gallon (1987 dollars)
by 2015.

The Base Case

A basic assumption of the OTA Base case is that
people will continue to place a high value on
performance and vehicle size and continue to prefer
single-occupancy driving to any other mode of
transportation. The model projects combined auto
and light truck VMT to grow at an average annual
rate of 2.6 percent through 2000 and about 1.5
percent from 2000 to 2015. Thus, much of the
growth in CO,emissions in the OTA Base case
comes from a steady rise in VMT. This growth more
than offsets the CO,reduction from a 25-percent
improvement in auto fuel efficiency (to a new-car
fleet average of about 37 mpg by 2010).

Moderate Control Measures

CO,emissions growth could be slowed but not
reversed by implementing policies that would en-
courage measures that we classify as Moderate. If
adopted by 1995, all of the Moderate measures
together (see table 5-6) would lower transportation
emissions by about 10 percent of 1987 levels by
2000 and by 13 percent by 2015 (see figure 5-5).
However, emissions increases more than offset these
savings. by 2015, CO,emissions still rise 20 percent
relative to 1987 levels.

Before the year 2000, the greatest savings come
from those measures OTA categorized as “Opera-
tion and Maintenance of Existing Stock” (O&M).
These measures include improving truck mainte-
nance, reducing VMT through rideshare programs
and parking controls, and enforcing a 55-mph speed
limit.

4For the transportation Sector the Oak Ridge National Laboratory’s * Alternative Motor Fuel Use Model” was used as the modeling framework for

highway vehicles (41).



Table 5-6-Transportation Sector Conservation Measures

Base case

Moderate measures

Tough measures

1. Operation & maintenance/
existing stock
Operation & maintenance. . . . .

Other efficiency measures .. ...

VMT reduction measures ......

Mode shifting ., ..............

2. New investments:
New auto mpg
(1995, 2000, 2010) . . .. ...

New light truck mpg .. .........
New medium truck mpg . . ... ..
New heavy truck mpg . ........
Mode shifting . . ..............

Auto & light truck VMT increases
at 2.6%/yr 1987-2000, 1.50/.
post-2000

29.8, 31.9, 36.6 mpg (EPA rating,
not in-use efficiency)

22.5,25.4, 333

8.5, 9.4, 11.5 mpg

5.5 mpg in all years

Nonhighway ................. Aircraft efficiency improved

w

. Accelerated new investments:
Auto lifetimes ................
New auto mpg

(1995, 2000, 2010) . . .......
Mix of autos and light trucks , . ..

by 200/0

Truck inspection & maintenance--
5°/0 improvement

Enforce 55 mph--4% savings for
light vehicles

Traffic flow improved-20/~ fuel savings

Ridesharing/parking control-reduce
urban light vehicle VMT by 2°/0

Urban public transportation innovations
and improvements-1% savings

31.5, 35.0, 39.0 mpg

23.8, 27.9, 35.5 mpg

9.0, 10.3, 12.3 mpg
5.7,5.8,5.9 mpg

Aircraft efficiency improved by 30%

Same as moderate measures
Same as moderate measures

Same as moderate measures
Ridesharing/parking controls--reduce urban
light vehicle VMT by 30% by 2000, 50% by 2010

Same as moderate measures

32.0, 39.0, 55.0 mpg

24.2, 31.1, 50.0 mpg

9.1, 11.5, 17.3 mpg

6.5, 7.6, 8.9 mpg

Busway, urban light rail--50/~ decrease in urban light

vehicle passenger miles

High-speed intercity rail-50/0 decrease in non-
urban light vehicle passenger miles, 10%
decrease in air passenger miles

Urban bike/pedestrian planning-5% decrease in
urban light vehicle VMT

Aircraft efficiency improved by 50%

Average vehicle lifetimes 3 years shorter
34.0, 42.0, 58.0 mpg due to smaller cars

Shift mix of autos and light trucks so that they
increase at the same rate

SOURCE: Office of Technology Assessment, 1991.
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Figure 5-5—CO,Emissions Reductions in 2000 and
2015 Expressed as a Percentage of 1987 Transport
Sector Emissions, by Control Method, Under the
Moderate Scenario

Moderate controls
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Reductions as a percent of 1987 emissions

NOTE: The data presented above should be interpreted as the emissions
reductions achievable in some future year expressed as a percent-
age of 1987 emissions from the transportation sector, not as a
percentage decrease in emissions below 1987 levels.

SOURCE: Office of Technology Assessment, 1991.

Though the contribution from these measures
grows very little with time under the Moderate
scenario, O&M still accounts for about half the total
annual reductions by 2015. Over half of the total
savings from Moderate O& M measures comes from
returning the speed limit to 55 mph and improving
traffic flow. The balance comes from better truck
maintenance and reductions in VMT through car-
pooling and vanpooling and parking controls. In this
scenario no additional funds are devoted to mass
transit infrastructure.

Improving fuel efficiency starts out as an impor-
tant but modest part of the saving and increases over
time. Measures to increase vehicle fuel efficiency
can reduce transport emissions by about 2 percent of
1987 levels by 2000 and 7 percent by 2015. Autos
and light trucks account for the greatest proportion
of savings.

In our Base case, we assume that new cars will
average about 32 mpg by 2000 and 36.5 mpg by
2010. Under the Moderate scenario, new car effi-
ciency averages 35 mpg by 2000 ( 15) and 39 mpg by
2010.

Figure 5-6--CO,Emissions Reductions in 2000 and
2015 Expressed as a Percentage of 1987 Transport
Sector Emissions, By Control Method, Under the
Tough Scenario

Tough controls
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NOTE: The data presented above should be interpreted as the emissions
reductions achievable in some future year expressed as a percent-
age of 1987 emissions from the transportation sector, not as a
percentage decrease in emissions below 1987 levels. The thin
horizontal bars show additional reductions possible if existing
vehicles are replaced sooner than expected.

SOURCE: Office of Technology Assessment, 1991.

Tough Control Measures

In OTA’s Tough scenario, CO,emissions from
the transport sector fall to about 5 percent below
1987 emissions by 2015 even with light vehicle size
and performance more or less at current levels. If
some consumers can be moved into smaller or less
powerful cars and old cars are retired somewhat
more rapidly, then emissions could fall to 10 percent
below 1987 levels.

Reductions from the O&M component are similar
under the Moderate and Tough scenarios (see figure
5-6). Note, however, that O&M plays a smaller role
under the Tough scenario (about one-fifth of the total
saving) than it does in the Moderate one (one-half of
the savings).

New-car efficiencies of 34 mpg by 2000 and 55
mpg by 2010 might be possible with an aggressive
introduction of technical improvements, including a
shift to diesel engines. This assumes that consumers
buy cars of the same size and performance as today’s
(14), If the majority of consumers are willing to
purchase smaller cars, new car fleet average efficien-
cies of 42 mpg by 2000 and 58 mpg by 2010 might
be achievable ( 14). Assuming such efficiencies (and
policies that encourage people to buy fewer light
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trucks and buy new cars an average of 3 years earlier
than they would otherwise) car emissions might be
reduced by about 12 percent of 1987 levels by 2015.
In addition, 8 percent reductions from light trucks
and 7 percent from medium- and heavy-duty trucks
are achievable under our Tough scenario,

Measures to move people out of their cars and into
mass transit under the Tough scenario would yield
reductions of about 11 percent of 1987 levels, To
achieve this, however, urban auto traffic would have
to be reduced by 10 percent through urban light rail,
subways, and urban bike paths. High-speed intercity
rail would have to lower interurban car travel by 5
percent and air traffic by 10 percent.

Summary of the OTA Scenarios

Figure 5-7 summarizes the aggregated results for
the Moderate and Tough scenarios through 2015.
Figure 5-8 summarizes the results by mode of travel.
As shown, all of the Moderate measures together are
able to reduce the growth of emissions but not
eliminate all growth above 1987 levels. Under the
Tough scenario, emissions drop to about 10 percent
below current levels. If future VMT growth turns out
to be lower than we forecast, then greater reductions
are possible. However, if vehicle miles traveled keep
increasing at the rates we assumed and if those miles
continue to be dominated by private cars of current—
or increasing—size and performance, it will be
difficult to hold down CO,emissions. The critical
factors are how fast society is willing to adopt more

Figure 5-7—Summary of C O,Emissions Under the
Base Case, Moderate, and Tough Scenarios, by Year

Percent change from 1987 emissions
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NOTE: The data presented above shows emissions reductions achievable
In some future year expressed as a percentage decrease in
em issions below 1987 levels.

SOURCE: Office of Technology Assessment, 1991,

efficient technologies and the extent to which
society will accept changesin how it moves people
and goods.

Costs of the Tough Scenario

We estimate that the net costs (increased cost of
the measures minus fuel savings) of the Tough
scenario range between savings of about $35 billion
per year to costs of about $38 billion per year
(19879%) in 2015. The range is quite large because
cost data exist for only some of the measures. For
others, we assumed that costs were comparable to
similar measures (e.g., truck efficiency improve-
ments cost about the same as car efficiency improve-
ments). Details on the calculations are presented in
appendix A.

Overall, we estimate that the Tough new-vehicle
efficiency measures will save money by 2015, given
the expected rise in the price of gasoline (to about
$2.00 per gallon). They are considered “Tough”
primarily because they are technically challenging
goals. We assume that the additional cost of fuel
efficiency improvements to achieve a 55 mpg
new-car fleet average by 2010 will be in the range of
$500 to $750 per car (1987$) (14). Achieving a 58
mpg car fleet by encouraging consumers to buy
smaller cars might require a subsidy of about $250
to $500 per vehicle (1 5). Thus we use $750 to $1,250
as our range of new car costs, Assuming light-duty
truck efficiency improvements under the Tough
scenario will aso cost $500 to $750 per vehicle, we

Figure 5-&Summary of CO,Emissions by 2015,
by Transportation Mode
Emissions in 2015 as a percent of 1987 levels
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estimate total passenger vehicle costs will be about
$30 to $50 billion per year.

However, the higher efficiency under the Tough
scenario saves about $58 billion in fuel costs. Thus,
net costs for improved light-duty vehicle efficiency
are in the range of savings of $8 to $28 billion per
year. The cost effectiveness of these measuresisin
the range of —$340 to —$100 per ton of carbon.

Lacking estimates for the costs of heavy-duty
truck improvements, we assume similar dollar per
ton costs as for light-duty vehicles. Savings amount
to between $7 and $15 billion per year. For lack of
a better estimate, we assume that cost of the aircraft
efficiency improvements will equal fuel savings.

The cost of the O&M measures in figure 5-6
varies widely. We estimate that using mass transit
costs about $0.13 to $0.21 per passenger mile more
than using cars. Mass transit and intercity rail costs
under our Tough scenario total $26 billion to $55
billion per year, or about $1,200 to $2,500 per ton of
carbon. Urban traffic flow improvements, truck
inspection and maintenance programs, and im-
proved urban planning are al probably low cost
measures. Fuel savings from these programs amount
to about $15 billion per year. The remaining
measures-55 mph speed limit, ridesharing, parking
controls, etc.—all have associated inconvenience
costs. Depending on what we assume for the value
of these inconvenience costs, we estimate net costs
in the range of savings of’ $9 billion to costs of $9
billion per year.

Alternatively Fueled Vehicles

Though discussed in an earlier section, we do not
include use of aternative fuels as one of our
near-term Tough control measures. Two of these
fuels, however, offer considerable potential for
lowering emissions past the 25-year time horizon of
this assessment: methanol made from sustainably
harvested wood and electricity generated from
nonfossil fuels. Thus Congress may choose to adopt
an alternative fuel program that will serve as a
demonstration program for possible wide scale use
of alternatively fueled vehicles after 2015.

Table 5-5 included comparisons of greenhouse
gas emissions between current gasoline and alterna-
tively fueled vehicles. Under our Tough scenario,
the ultimate effectiveness of aternatively fueled
vehicles will depend on:

1. how rapidly the efficiency of alternatively
fueled vehicles can be improved in comparison
to efficiency improvements possible with gaso-
line and diesel fuels; and

2. whether these fuels (methanol and electricity)
will be made from low emitting primary
sources, i.e., sustainably grown biomass fuels
for methanol and nonfossil sources to generate
electricity.

To provide insight into the near-term gains from
a large-scale, alternative fuel demonstration pro-
gram, we estimated the emission reductions assum-
ing that 15 percent of new passenger cars purchased
between 2000 and 2015 use alternative fuels, evenly
split between electricity and biomass methanol. By
2015, about 1 out of every 10 vehicles would be
aternatively fueled.

In our scenario, electricity is generated according
to our Tough supply scenario discussed in chapter 3.
The potential for biomass fuels is sufficient to
supply the feedstock for all of the methanol vehicles
in the program (about 1 quad of biomass, see ch. 7).
We assume that both electric and methanol vehicles
improve through time, faster than under our base
case but not as rapidly as gasoline or diesel vehicles
under our Tough scenario.’

Assuming that the alternatively fueled vehicles
substitute for those under our Tough scenario, such
a program would achieve reductions equal to about
3 percent of 1987 CO,emissions. The program
would also lower petroleum consumption by the
transportation sector by about 5 percent.

POLICY OPTIONS

Urban passenger travel in cars and light trucks
(i.e., light vehicles) consumes the largest share of
transport energy in the United States. It is also in
light vehicles that the market for fuel efficiency
seems to operate least effectively. Consequently,
policy to lower transport’s CO,emissions could be
directed, first, at measures to increase the energy

5We assume that in 2000 the efficiency Of methanol Vehiclesis15 percent higher than our Moderate scenario vehicle and that efficiency will improve
_t%another 15 percent between 2000 and 2015. We assume that the efficiency of electric vehicles will improve by 25 percent between 2000 and 2015.

ese estimates are consistent with the ranges presented in ref. 13.
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efficiency of light vehicles, and second, at measures
to encourage urban passengers to drive less by
ride-sharing, switching to more energy-efficient
modes, or reducing travel.

To increase efficiency and reduce VMT, a combi-
nation of several policy initiatives would seem to be
best. These might include:

1. taxes on fuel and/or sales or registration taxes
based on efficiency,

2 fuel efficiency standards,

3, rebates on new fuel-efficient automobiles,

4. programs to change the way people meet their
transportation needs, and

5, government support for research, development,
and demonstration of new technologies and
fuels.

Fuel Taxes

The United States has relatively inexpensive fuel
prices relative to other industrialized countries,
primarily due to low fuel taxes (see figure 5-9). A
higher fuel tax would create incentives for increased
efficiency and travel reduction for all modes. Its
theoretical attractiveness is that it allows consumers
to choose how they adjust their behavior to use less
fuel: spend money on fuel economy technologies,
use mass transit, carpool, or simply travel less. In
practice, taxes do send powerful signals throughout
the economy and can enhance the effectiveness of
other policies such as fuel economy standards (see
below). But there are several problems with fuel
taxes. First, they are regressive-that is, they affect
the poor relatively more than they affect the rich. For
example, in 1985, households with incomes greater
than $35,000 per year spent about 4 percent of their
income on gasoline. Those with incomes in the range
of $10,000 to $15,000 per year spent about 9 percent
and those households between $5,000 and $10,000
per year spent about 11 percent of their income on
gasoline (23).

Second, the effectiveness of taxes is hard to
predict, hence it is difficult to set atax to achieve a
desired result. Studies document a wide range of past
consumer response to gasoline price increases. Over
the short term, one might expect a 10-percent gas
hike to yield a 2-percent drop in gas consumption

Figure 5-9-international Gasoline Prices and Taxes,
1989
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SOURCE: Business Week, Jan. 30, 1989, p. 20.

(though some studies indicate a 6-percent drop;
others, less than 1 Percent).’A 50-percent increase
in the price of gasoline might yield about an
8-percent drop (between 5 and 20 percent). Assum-
ing one can extrapolate in this fashion, a doubling or
tripling in price-similar to prices in Europe and
Japan—might yield a 13- to 20-percent drop in
gasoline consumption.

Over the long term (i.e., alowing enough time for
consumers not only to change their driving habits
but also the efficiency of the cars they buy), the
response is likely to be greater. A 10-percent gas
hike might yield about a 7-percent drop in gas
consumption in the long run. However, uncertainty
with respect to the long-term response is even
greater than uncertainty as to the short-term re-
sponse, and it grows as prices increase. About half
of the long-term response might be attributable to
driving less and the rest to more efficient vehicles.
Unfortunately, the data on which these estimates rest
are from the 1970s. Fuel efficiency improvements
may be more expensive today, hence consumer
response to gasoline price increases may be lower.
Thus, the long-term response one might expect from
arelatively large price hike might be stifled by a lack
of cost-effective technology. Still, one would expect
that a doubling of gasoline price would €licit a
long-term response somewhat greater than the short-

6Two recent studies (refs. 4 and 10) reviewed the relationship between gasoline price and consumption, based on dozens of published papers that
have estimated the “elasticity” of gasoline consumption to price, i.e., theratio of the percentage change in consumption to the percentage change in
price. We use 0.2 as a best guess of short-term elasticity and 0.4 to 0.8 as a range for long-term elasticity (with the lower end of the range applying when

technology changes are constraining).
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Photo credit: Office of Technology Assessment

Highway congestion leads to greater fuel consumption and CO ,emissions. When traffic slows to ~ speeds below about 35 mph,
fuel use per mile increases.

term response, possibly as high as a 25- to 30- place since 1978, have helped to increase auto fuel
percent drop in gasoline consumption. A tripling of economy. Renewed and possibly redesigned stand-
gasoline price might lower consumption by as much ards offer significant benefits as a component of a
as 35 to 40 percent. fuel economy policy.

If Congress deems that a fuel taxis a desirable part New standards must take account of engineering
of a program to reduce Cé@missions, it might also  time scales and thus are somewhat slower to take
pursue policies taninimize the problems described effect than fuel taxes. Typically a vehicle reaches
above. To make the tax program less regressive, itmarket 4 years after manufacturers make initial
could, for example, provide lump-sum rebates to design decisions pertinent to its fuel economy;
low-income households. Congress could also phasemanufacturers need adequate lead time to respond to
in the tax to give consumers time to adjust their new standards.
purchasing decisions and operation and manage-

d Redesigned standards might compensate for dif-
ment practices.

ferences in manufacturers’ size mixes. The present
Corporate Average Fuel Efficiency (CAFE) scheme
imposes unequal burdens on different automakers—
Fuel economy standards influence tradeoffs amongfull-line manufacturers get hit harder than those
cost, performance, size, and efficiency that underlie specializing in small cars. An efficiency regime that
new model design and introduction decisions. The varies with vehicle volume could meet these con-
current fuel economy standards for light vehicles, in cerns, One such regime is the proposed Volume

Fuel Economy Standards

"The pros and cons offuel economy standards are still the subject of some debate.summary, see ref. 19.



Chapter 5--The Transportation Sector . 167

Average Fuel Economy (VAFE), which sets fuel
efficiency standards based on the interior space of a
car (35). Further, by using load capacity instead of
interior room, light trucks could be pushed to the
same level of technical effort as automobiles.’

The VAFE approach is not without problems,
however. First, it does not recognize efforts some
manufacturers have already taken to downsize their
fleet to achieve higher corporate average fuel
economy (Chrysler Corp. has frequently pointed this
out). Second, since there is no minimum fuel
economy standard for a manufacturer’s overall fleet,
shifts from small to large cars could occur, reducing
the net improvement in fleet average fuel efficiency.
Finaly, a large potential for fuel economy perform-
ance resides with downsizing to lighter vehicles. The
VAFE approach does not inherently include this
downsizing incentive (whereas CAFE does).

As with taxes, the ‘right level for new standards
is difficult to define. It will depend to a large degree
on the intent of the standards. If Congress desires
standards that are cost-effective (i.e., fue cost
savings about equal to increased vehicle costs), the
Department of Energy (DOE) estimates that stand-
ards by 2000 should be set at between 32 and 36 mpg
(124). In 2000 (assuming unchanged real gasoline
prices), a fleet economy of 32 mpg would be
cost-effective for a car’ s first owner (4-year owner-
ship); over the car’s 10-year life, 36 mpg would be
cost-effective.

If Congress wanted to push consumers to con-
serve even further, standards would have to be
higher. DOE calculated that the toughest standard
that is technically achievable (without requiring
significant size shifts, disrupting the orderly devel-
opment of new models, or unduly disrupting the
required flow of earnings) would be 39 mpg by 2000.
The 39-mpg car would be cost-effective at $1.70 per
gallon (1989 dollars) or more (assuming consumers
are willing to accept the technology changes neces-
sary to achieve this level of fuel efficiency) ( 15). The
corresponding maximum-technology figure for 2010

was 40 to 55 mpg, depending on the assumed
penetration of diesels or other new engines (15).’
These estimates assume that size, luxury, and
performance of the fleet is frozen at 1987 levels
(though the recent trend has been toward larger or
more powerful vehicles).

J'chicle Taxes and Rebates

Taxes and rebates on vehicles can create incen-
tives to sacrifice some size and performance for
economy. Taxes on inefficient vehicles would be
most effective if accompanied by rebates for highly
efficient cars. The program could be designed so that
it was ‘‘revenue neutral’ ‘—all the money taken in
from the taxes would be recycled through the re-
bates. To achieve this over an extended period, the
thresholds for both tax and rebate will have to in-
crease over time as average fuel economy increases.

The Federal Gas Guzzler Tax, aready appliesto
cars whose economy is below certain thresholds.
Until recently, the tax started at $500 for cars below
22.5 mpg, increasing to $3,850 for those below 12.5
mpg, Legislation passed in the 101st Congress
doubled the tax to between $1,000 and $7,700 per
vehicle." The tax was originally intended to be
coupled with a rebate for extremely efficient cars,
but the rebate was never enacted.

An expanded program of vehicle taxes and rebates
could complement fuel economy standards and
taxes, but it could pose serious trade difficulties as
long as the high-efficiency end of the auto market is
dominated by imports. Such measures would dis-
criminate against domestic manufacturers. And, any
such measure that set out to protect domestic
manufacturers might conflict with General Agree-
ment on Tariffs and Trade (GATT) rules.

Incentives for Manufacturers

Government-sponsored competitions could be
used as incentives to induce manufacturers to
develop high-efficiency cars. A bill proposing this
was introduced in Congress in 1982.” However, it

8For further discussion of size-class standards, see ref. 61.

9Forty mpg with no additional diesel penetration, 55 mpg with 100 percent penetration. Note that representatives of Ford and General Motors at OTA’S
workshop disputed these figures. They asserted that economy gains achievable from the technologies listed were smaller, and their costs were larger.

10Public Law 95-618, the Energy Tax Act of 1978.
1"Public Law 101 -508, the Omnibus Reconciliation Act Of 1990.

12The Shamansky bill would have sponsored a competition to produce an 80-mpg gasoline car Or a100-mpg diesel car meeting minimum performance,
safety, and emissions criteria To win, the car would have to be put into limited production.
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is unlikely that the government would pay enough in
prize money to induce major manufacturers to

participate (3).

A variant of the incentive scheme injects compet-
itive elements into a high-efficiency rebate program
(48). The government could identify a few classes of
vehicles most in need of economy improvement and
offer a competitive reward in the form of large (e.g.,
$500) consumer rebates on a large production run
(e.g., 200,000 units) of a new vehicle achieving the
best fuel economy above a specified threshold.

Policy Directed at Operation
and Maintenance

Government action targeting the way vehicles are
maintained and operated can help lower transport
CO, emissions. These offer smaller potential reduc-
tions—typically ranging from less than 1 up to 5
percent each in the OTA model. Still, they may be
important because they move in the right direction,
may bring other benefits, or may be reminders of a
commitment to energy efficiency. More signifi-
cantly, most of the measures that these polices
promote have short start-up times and do not require
large, up-front capital investment. They include
reimposing (and enforcing) the 55-mph speed limit;
requiring fairings for trucks to lower wind resis-
tance, enforced through efficiency inspections; re-
quiring high-efficiency tires and oils on Federal
vehicles; preferential use of rail and intermodal
freight (i.e., freight that can travel on both roads and
railroad tracks) for Federal shipping; and charging
efficiency-promoting parking fees at Federal offices
and contractors.

Transportation Control Measures

Several American cities are now experimenting
with policy measures intended to reduce travel in
private automobiles. While many cities have experi-
mented with a few of these, the most ambitious
program is just beginning in Los Angeles (see box
5-F). The advantage of these measures, collectively
called Transportation Control Measures or TCMs, is
that they directly address urban passenger miles
traveled. They also share some of the characteristics
of the operation and maintenance steps described
above: individualy, they only slightly reduce CO,
emissions but have short startup times, low capital
costs, and can reduce energy use and CO,emissions
even within existing settlement and employment
patterns.

However, TCMs are in a very early stage of
adoption. Moreover, the range of possibilities and
the complexity of interactions among different
measures means that any major TCM initiative must
proceed by trial and error.

A recent study summarizing U.S. experience with
several mgjor categories of TCMs (5) concluded that
information on TCMs was incomplete and quantita-
tive data was lacking on the effects of several
promising categories. Some of the TCMs evaluated
by the authors, Cambridge Systematic, include:

. Areawide Ridesharing: Promotion and match-
ing services achieved areawide reductions of
0.1 to 3.6 percent in VMT (average 0.3 percent)
in 32 programs now in place.

. Employer-based Transportation Management:
Comprehensive programs are run at the
workplace to get people out of single-occu-
pancy cars and into any alternative--car-
pools, vanpools, bike, or transit, The programs
combine high parking charges for solo drivers
with transit or vanpool subsidies and expedited
transactions-e. g., bus passes, van leasing, and
insurance are all on sale at work. Such pro-
grams have achieved movements of 30 to 80
percent of all workers into nonsolo modes at
large workplaces, with reductions of com-
muting VMT from 10 to 50 percent. Feasible
areawide VMT reduction depends on the con-
centration of workplaces, but is estimated
around 1 percent.

+ High-Occupancy Vehicle (HOV) Lanes. Re-
stricting lanes on freeways to cars with three or
four occupants or to buses can reduce conges-
tion and give time incentives for ridesharing.
The 14 examples operating in the United States
as of 1985 showed reductions of 5 to 10 percent
in peak corridor VMT during peak commuting
times. (Some of this reduction comes from
commuting at a different time rather than
finding different ways to commute.)

- Bicycling Promotion: Comprehensive pro-
grams including bike lanes or paths, secure
locking facilities and showers, and public
education and promotion can reduce areawide
VMT by 0.05 to 0.1 percent. The data are very
weak, though, and American experience with
bicycling promotion programsis very limited.

- Parking Management: This includes parking
taxes or development surcharges, restricting
street parking, and mandating high parking
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charges at workplaces (usualy with special
rates for carpools). American data are very
weak, but the experience of Ottawa suggests
that the impact can be large, especialy if
coordinated with improvement of alternatives
to driving.

Park-and-Ride: There are two approaches.
Remote park-and-ride tries to reduce VMT by
intercepting drivers near to their origins, but the
remote lots pose theft problems; periphera
park-and-ride seeks principally to reduce down-
town congestion and has little effect on total
VMT. Cambridge Systematics estimates a poten-
tial of 2- to 4-percent VMT reduction within
specific corridors.

Transit Improvements. Even large invest-
ments in rail systems have achieved at most
3-to 5-percent reduction in areawide VMT.
Short-range improvements including bus serv-
ice expansion, operational changes, and fare
changes have been much more successful.
Cambridge Systematic cites experience in
nine cities showing increases in transit rider-
ship from 8 to 50 percent and reductions in
VMT from 0.1 to 0.5 percent.

Travel Substitution (telecommunications, work-
at-home, and flexible hours): Views are still
mixed on the potential for telecommunications
and work-at-home to reduce travel. The Los
Angeles plan takes an ambitious stance and
projects 20-percent reduction in worktrips due
to telecommuting and 10 percent due to alterna-
tive work schedules, for a net decrease in
areawide VMT of 6.8 percent. Cambridge
Systematic estimates the total impact of flex-
ible schedules as only 0.1- to |. O-percent
reduction in areawide VMT.

Traffic Flow Improvements (sophisticated
signals, ramp metering, intersection improve-
ment): These measures are principally intended
to reduce congestion, but secondarily reduce
energy and greenhouse emissions because less
fuel is burnt idling in stopped traffic and
average speeds increase. Reductions in fuel
consumption up to 6 percent have occurred on
particular routes, but areawide impacts have
not been measured in American cities. If faster
traffic induces people to drive more, such
measures can increase fuel consumption,
though. A recent study in Perth, Australia found
just this unintended effect (39).

In aggregate, transportation control measures
appear to hold modest promise for reducing VMT,
but much more experimentation and data are needed
before their potential impact can be assessed.
However, even modest VMT reductions in con-
gested areas can improve traffic flow, thereby
reducing both miles traveled and fuel consumption
per mile.

Controlling Settlement Patterns

Emissions can be reduced in the long run by
changing patterns of settlement to reduce the need
for travel or to increase the utility of mass transit.
This can be accomplished through higher densities,
or through mixing uses so that residences, jobs, and
services are roughly balanced at a local scale. When
more destinations are close to home, more trips can
be made by foot, and public transit can serve more
trips effectively.

In the United States, except possibly for some
high-growth areas in the South and West, efforts to
change the shape of settlement in major cities is
likely to have limited impact in the near term.
Because we are entering a period of slower popula-
tion growth, the shape of cities might not change as
drastically as it did in the 1950s and 1960s. In a
period of slow population growth, change in urban
shape proceeds only marginaly faster than the
replacement of the standing building stock, which
takes 50 to 100 years.

Nevertheless, some changes are feasible, particu-
larly in the balancing of homes and workplaces in
the suburbs. The Los Angeles air quality plan, for
example, includes measures to balance jobs and
housing through a combination of market and
regulatory measures. It projects that 12 percent of
jobs and 6 percent of housing in the region will be
affected by the measures, and reductions of about 10
percent in VMT will be achieved (55).

Changes in density are also possible in the United
States through changed zoning and infilling. The
difficulty will be that urban residents often strenu-
ously resist increasing densities. Paradoxically,
traffic congestion is often cited as one of the reasons
to oppose higher density development, although
with fixed travel needs, congestion is often higher in
lower density areas.
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Box 5-F—The Los Angeles Air Quality Plan

The Los Angeles area is notorious for its air pollution problems. Despite numerous control measures, the region
still exceeds Federal standards for ozone, carbon monoxide, nitrogen oxides, and suspended particulates--giving
it the worst air quality in the Nation. The South Coast Air Quality Management District and the Southern California
Association of Governments have recently completed a comprehensive Air Quality Management Plan (AQMP)
designed to bring the region into compliance with all standards except the strict State standards for ozone and
particulate by the year 2007 and hold total vehicle miles traveled (VMT) to a 30-percent increase (rather than the
projected 72 percent) by 2010 (22, 54).

Although the AQMP does not directly addressthe problem of global climate change, it contains many
transportation control measures that may serve as models for other local, State, and national governments in thelir
attempts to reduce CO,emissions.

The Plan’s control methods are divided into three sections, or “tiers,” depending upon their readiness for
implementation. Since cars and trucks contribute the majority of carbon monoxide, reactive organic compounds,
and nitrogen oxides emissions in the Los Angeles Basin (53), each of the tiers contains a number of measures
designed to modify transportation methods and behaviors.

Tier I—The first phase of the Plan provides controls on motor vehicles, transportation systems, and land use
that can be implemented within the next 5 years and that will encourage alternative fuel use, improve efficiency,
and lead to reductions in congestion and VMT (54, 55).

New buses in the region will be fueled by methanol and current transit buses will be retrofitted to accommodate
other alternative fuels such as ethanol, propane, and compressed or liquefied natural gas. Owners of commercial
and public fleets (15 or more vehicles) will also be required to purchase vehicles capable of operating on an
alternative fuel when replacing units or expanding operations. Conversion to such fuels can be positive or negative
in terms of global warming depending 011 what type of feedstock is used to produce the fuel.’

Transportation control measures focus on trip reduction programs (to ease the congestion and associated
emissions; see box 5-D) and strategies to shift use toward more efficient modes. They promote the use of alternative
work schedules, telecommuting, ridesharing, public transit, and vanpool-purchase incentives and better parking
management in addition to the current Los Angeles trip reduction ordinance. Tier | measures aso require merchants
to provide incentives for public transit and facilities for nonmotorized transportation users (e.g., advertised bus
passes and bicycle lockers).

Local ordinances would require special-event centers (stadiums, amphitheaters, etc.) to establish and operate
park-and-ride programs and provide incentives for public transportation use. The plan also calls for designating
auto-free zones in areas with dense pedestrian activity in conjunction with park-and-ride services. The transportation
infrastructure will be improved through the construction of more high-occupancy-vehicle (HOV) facilities and at
least 80 miles of light rail service. Finally, truck traffic patterns will be modified through rerouting, changing
delivery times, and diverting port-related truck traffic to rail to increase efficiency and ease congestion at peak hours.

Land use is to be modified through growth management designed to attain job/housing balances in loca
jurisdictions. Implementation methods include modified zoning, development fees, density bonuses, and fast-track
permit processing for those developments beneficial to the job/housing balance targets. The plan also calls for new
Job- or residence creating public facilities to be located in strategic areas to minimize commuting.

Tier [I—Unlike Tier 1, the second phase of the AQMP will require significant advances in current applications
of existing technology and strong regulatory action for successful implementation by the year 2007 (54, 55).

To further encourage trip reduction through telecommuting, Tier 11 calls for implementation of tax incentives
for telecommunications development and local ordinances requiring employers with multiple facilities to devote
five percent of the building space to satellite work centers.

To ensure progress in aternative fuels technology, research and development will be funded by a $30 million
alternative fuels program, which also contains provisions for demonstration projects and fuel infrastructure
enhancement. In addition, Tier Il contains supplemental measures for imposing technol ogy-forcing standards and
limitations on the number of gasoline- and diesel-powered vehicles registered in the L.A. Basin.
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Tier l1l—The final tier of the AQMP depends on “. . . commitments to research, development, and
widespread commercial application of technologies that may not exist yet, but maybe reasonably expected given
the rapid technological advances experienced over the past 20 years’ (54). These technologies may include
improved fuel cells, solar cells, storage batteries, and superconductors for use in private and public transportation.
Short-term actions to be taken by air-quality management agencies to promote RD&D in these areas area part of
the current Plan and will be updated regularly.

Tier 11l aso anticipates extensive electrification of transportation modes, which, athough eliminating the
mobile sources of pollution, does not necessarily reduce overall carbon emissions and will increase demand for
power generation. To mitigate these effects, the Plan contains proposals for energy conservation and noncarbon fuel
promotion.

Finally, Tier Il presents a number of contingency measures of last resort (including emission charges on
vehicles, parking lots, and gasoline) that will be imposed if the control measures previously enumerated are not
implemented or fail to perform as well as expected.

1For example, if coal is used 8S the feedstock 10 Make methanol, greenhoUSE gas €M SSIONS CaN increase by 30 percent compared to
gasoline; if woody biomass is the feedstock, greenhouse gas emissions can decrease by about 70 percent (see table 5-5).
2The 1987 ordinance applies to al employers of 100 or more people (about 8,000 businesses). Employers are required to prepare

comprehensive trip reduction plans, with the goal of reducing the number of private motor vehicle trips by 10 percent. While falling short of
this goal does not viotate the ordinance, failure to Submit a plan Or annual Update or to provide any stipulated incentives exposes the employer

to possible civil penalties (63).

Photo credit: Genera{ Motors Corp.

General Motors’ prototype electric vehicle, the Impact. The
Impact’s battery pack, shown being installed, takes up t he
center portion of the vehicle. The current range of the
vehicle is over 100 miles between charges. If recharged
with electricity generated from natural gas or nonfossil
sources, CO,emissions per mile are much lower than
from gasoline vehicles. With improved batteries- key
hurdle facing this technology-both range and efficiency
would increase.

Traffic congestion is aready prompting some
remarkably stringent suburban restrictions on devel-
opment—some apply only to commercial and’indus-
trial development, some apply to new residential
development as well (16). However, these measures

will have little effect on congestion unless coordi-
nated over entire metropolitan areas, and may even
increase congestion if they reduce opportunities for
peopleto live near work.

Research and Development

Large R&D efforts will be essential for further
technical efficiency advances beyond the turn of the
century. A recent study of the state of fuel efficiency
research and development in the auto industry found
that American automakers lag far behind their
Japanese and, to a lesser extent, European, counter
parts---especially in moving research results to the
market (3). During the late 1970s, the Department of
Transportation funded the Cooperative Automotive
Research Program (CARP) to support more aggres-
sive research and development in the American auto
industry. Unfortunately, it foundered in the prevail-
ing atmosphere of mistrust between the industry and
government and was cut back under the Reagan
administration (3).

For such a program to be successful, domestic
automakers, their suppliers, and innovative research
companies all need to be key players. The program
could target medium-term technologies such as
continuously variable transmissions and energy-
storage systems. Other areas where federally sup-
ported R&D could have substantial impact include
new engine design for heavy trucks, improved safety
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for lighter vehicles, and innovations to permit
increased intermodal freight.

One area of longer term research that deserves
specia attention is development of truly clean,
cost-effective, alternative fudls. Those fuels with the
greatest potential-hydrogen or electricity from
nonfossil sources (e.g., solar or nuclear power) and
woody biomass fuels grown on a sustainable basis—
are the furthest from large-scale technical viability.
Expanded research programs are needed to envision
and expand the range of options available. At the
same time, demonstration programs can assess the
actual performance of a variety of fuels.
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Chapter 6
The Manufacturing Sector

INTRODUCTION

Manufacturing is a diverse sector of the U.S.
economy, consisting of a heterogeneous group of
industries that employ awide array of technologies
to produce everything from aircraft to toy dolls.
Because of this diversity, a somewhat different set of
policies is needed to address this economic sector
than those discussed for other sectors such as
transportation or buildings. This chapter explores
manufacturings energy use and emissions, the
major emissions-contributing industries, scenarios
for the future, and policies that could effect the
future.

OVERVIEW

Manufacturing accounts for about 30 percent of
all energy consumed in the United States, and 80
percent of industrial energy use (51a). (Agriculture,
mining, and construction account for the remaining
20 percent.) About one-third of U.S. carbon dioxide
(CO,) emissions result from all industrial activity.
Due to data limitations, this chapter uses data for the
broader category of industry as a proxy for that of the
manufacturing sector.

Onsite combustion of fossil fuels and biomass for
heat and power account for about half of industrial
emissions, and purchased, fossil-fuel generated elec-
tricity accounts for most of the remainder. Some
additional greenhouse gases are also released to the
atmosphere as byproducts of manufacturing proc-
esses. For example, CO,is released during cement
manufacture; chlorofluorocarbons (CFCs) are emit-
ted from industrial solvents used in the electronics
industry. Such noncombustion processes probably
account for about 2 percent of U.S. greenhouse gas
emissions. This chapter is principally concerned
with energy-related emissions and the potentia for
their reduction.

Energy use in manufacturing can be changed in
three ways:

1. by reducing the amount of energy consumed,

2. by switching to energy sources that emit lessor
no greenhouse gases, and

3. by changing the mix of industries and products
within the manufacturing sector.

By and large, policies for reducing greenhouse gas
emissions from manufacturing focus on the frost two
strategies. Macroeconomic policies such as trade or
monetary policies tend to affect the industrial
makeup of the manufacturing sector.

PAST AND PRESENT EMISSIONS
AND ENERGY USE

U.S. manufacturing consumed over 17.5 quadril-
lion Btu's (quads) of fossil fuel and electricity in
1985 (see table 6-1), about one-quarter of the
economy-wide total. This total would be 24 percent
higher if the energy consumed in electricity genera-
tion and transmission were included (56).

Industrial energy consumption and electricity
generation losses accounted for about 32 percent of
U.S. CO,emissions. Nearly a third of these emis-
sions came from electricity used to power machines
and electrolytic processes. Over a quarter of the
emissions came from process steam and a fifth came
from process heat (see figure 6-1).

Although industry uses significant energy, its
consumption relative to that of other sectors has
diminished over time. In 1960, the industrial sector
used 46 percent of all energy consumed in the United
States (56). By 1980, industry’ s share of energy use
had fallen to 40 percent, and in 1989 it had dlipped
to 36 percent (56). Some of this decline can be
attributed to energy efficiency improvements within
industry and to growth in the building and transpor-
tation sectors.

Table 6-I—Manufacturing’s Use of Energy in 1985
(quadrillion Btu's)

Total fuel consumption .. ................. 13.6

Total purchased fuels and electricity . . . . .. 9.7
Fuel byproduct (i.e., cokegas) .......... 11
Process byproducts (i.e., wood chips) .. ... 2.8
Raw material (feedstock) inputs . ........... 5.0
Less fuel byproducts .. ................... (1.1)
Total primary energy consumption . ......... 17.5

NOTE: The Department of Energy does not account for generation and
distribution losses associated with the production of electricity in
these estimates of energy use.

SOURCE: U.S. Department of Energy, Energy Information Administration,
Manufacturing Energy Consumption Survey: Consumption of
Energy, 1985, DOE/EIA-0512(85) (Washington, DC: 1985).

oy
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Figure 6-I-Contribution of Industry CO,Emissions in 1987
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SOURCE: Office of Technology Assessment, 1991.

Within industry, the manufacturing sector also
has changed significantly in the recent past. From
the 1950s through about 1972, the energy intensity
of manufacturing (the energy used to produce a
dollar's worth of output) was relatively flat (see
figure 6-2). Thus, growth in manufacturing seemed
to be directly coupled to growth in energy use.!
Since 1972, however, the economy has suffered two
unanticipated energy price shocks. In addition,
legislation to control energy-related pollution was
enforced and many of the biggest manufacturing
firms experienced rapidly declining demand for their
products (30). As a result of efficiency improve-
ments and rising fuel prices, the energy intensity of
manufacturing fell by more than a third from 1972
to 1985, with coal and oil intensities falling by
almost 40 and 50 percent, respectively (33) (see
figure 6-3). Shortages of natural gas after 1972
contributed to a 50 percent drop in energy intensity
in manufacturing between 1971 and 1985 (33).

The €lectricity intensity of manufacturing in-
creased rapidly from 1958 to 1970 and then, partly
because of arisein the price of electricity, began to
level out (33). At 1987 average prices, it cost almost
five times as much to use electricity as natural gas to
provide equivalent heating value. Manufacturers
thus use el ectricity not as a simple substitute for fuel,
but to perform functions that require electricity or in
specific processes where the overall efficiency of
electricity is much higher than that of fuel. This
illustrates that while different forms of energy can be

I Industry
| N i 32%

Lease and plant 3%
Feedstocks 6%
HVAC and light 6%

WMOff-highway oil 7%

{Process heat 19°/0

Steam 27%

Machine
drive and
electrolytic 32%

Emissions from industry,

by category

(0.42 billion metric tons/year)

discussed in terms of a common unit, Btu's, their
utility for specific uses varies (20).

Because industries within the manufacturing sec-
tor differ in energy intensity by more than a factor of
10 (see table 6-2), a shift in output mix can have a
significant effect on the energy intensity of the
sector as a whole. In fact, roughly one-third to
one-half of the decline in manufacturing’s energy
intensity between 1972 and 1985 can be attributed to
a shift in the mix of output, with ‘‘smokestack’
industries like steel declining relative to lighter
manufacturing industries like electronics (7, 27).

Our manufacturing sector’s contribution to cli-
mate change is larger than these measures indicate.
The United States now imports large amounts of
energy-intensive manufactured products, including
cars and steel. The energy embodied in these goods
does not enter into U.S. energy intensity calcula-
tions, nor isit included in measures of our depend-
ence on foreign energy (44). Nonenergy imports
have doubled (as a percentage of GNP) since 1970,
increasing the need to account for the energy they
represent.

Such accounting can be done by assuming that all
nonenergy imports can be made domestically at the
same price using a similar mix of inputs as their
domestic counterparts. When this is done for 1985
nonenergy imports, U.S. use of imported energy
rises by over 50 percent, from 13 to 20 quads (see

1Some analysts argue that a strong link still exists (6).
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Figure 6-2—U.S. Energy Intensity: Energy
Consumption Per Dollar of Gross Domestic Product
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SOURCE: U.S. Congress, Office of Technology Assessment, Energy Use
and the U S Economy, OTA-BP-E-57 (Washington, DC: U.S.
Government Printing Off Ice, June 1990).

Table 6-2—Ranking of 1985 Manufacturing
Energy Intensities (thousand Btu’s per constant
1980-dollar value of shipments)

Stone, clay, and glass products .. .......... 16.6
Primary metal industries . . ................ 14.6
Paper and allied products . . ............... 139
Chemicals and allied products . . ........... 12.4
Textile mill products . . .................... 4.8
Petroleum and coal products . .. ........... 4.4
Rubber and miscellaneous plastics ,, .. ... .. 3.1
Food and kindred products . ............... 2.7
Fabricated metal products . ... ............ 2.3
Furniture and fixtures ... .................. 1.6
Other manufacturing . ..................... 14
Electrical and electronic equipment . .. ... ... 12
Instruments and related equipment . . .. ... .. 12
Transportation equipment ., . . . ............ 11
Printing and publishing .. .................. 0.9
Machinery, except electrical . . .. ........... 0.9

All manufacturing. . . ................... 4.4

SOURCE: U.S. Department of Energy, Energy Information Agency, Manu-
facturing Energy Consumption Survey: Changes in Energy
Efficiency 1980-1985, DOE/EIA-0516(85) (Washington, DC:
January 1990), table ES1, p. viii.

figure 6-4).’While the energy embodied in U.S.
exported products stayed relatively steady in the
early 1980s, the energy embodied in imported
products increased as the U.S. trade deficit deepened

Figure 6-3—Manufacturing Consumption of Energy
for Heat and Power
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SOURCE: M. Ross, “Industrial Energy Conservation,”Natural Resources
Journal 24(2):369, April 1984.

(see figure 6-4). The trade balance has improved
somewhat since 1985 and so presumably net imports
of embodied energy have declined.

Recent Changes in Energy Use’

Total energy use in the United States increased by
an estimated 6 quads (8 percent) between 1985 and
1988. This gain breaks a 13-year trend, begun in
1972, of relatively level energy use (15). The energy
intensity of the economy continued to decline from
1985 to 1988, but by only —1.0 percent annualy as
opposed to —2.4 percent annually from 1972 to 1985.

Detailed data is lacking on how manufacturing
fared during this 3-year period, but preliminary
figures suggest a 6-percent increase in energy use.
There is, however, no indication that the energy
efficiency of production processes declined. In fact,
the annual rate of investment in new plants and
equipment from 1985 to 1988 was 7 percent, as
opposed to 5 percent from 1972 to 1985. It is likely
that these new investments boosted energy effi-
ciency (47).

Rather, a reduction in the cost of energy, coupled
with increased spending and changes in what was
being bought, favored a shift towards relatively

This estimate matches the U.S. Department of Energy’s 1984 estimate (48) and is roughly in line with the 8 quads estimated for the energy embodied

n 1984 exports in another recent U.S. Department of Energy study (54).

*This section is based onref 44.

4Preliminary data from U.S. Department of Energy’s 7988 Manufacturing Energy Consumption Survey, ‘supplied to OTA Apr. 5, 1990, by J L

Preston.
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Figure 6-4-Direct and Indirect Energy Use
Associated With Imports and Exports*
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The United States directly imports and exports energy. Although
direct exports have stayed relatively steady, imports rose dramat-
ically between 1963 and 1977 and then declined from 1977 to
1985. The United States also uses energy indirectly in the form of
energy embodied in nonenergy exports (e.g., grain) and imports
(e.g., autos). Prior to the emergence of a trade deficit this indirect
use of energy was in balance, but by 1985 the indirect use of
energy associated with imports boosted our dependence on
foreign sources of energy by 50 percent.

« Production recipe kept constant at 1985 level.

SOURCE: U.S. Congress, Office of Technology Assessment, Energy Use
and the U.S. Economy, CTA-BP-E-57 (Washington, DC: U.S.
Government Printing Office, June 1990).

energy-intensive industries from 1985 to 1988°(44),
which could account for the increased energy
consumption by manufacturing. For example, non-
defense purchases by the Federal Government fell in
real terms by 16 percent over the 3-year period, and
defense purchases, which are about one-and-a-half
times as energy intensive, grew by 10 percent (47).
The export sector also grew faster than other
economic sectors over this period, increasing its real
share of GNP from 10 to 13 percent. Since most
exports are manufactured goods, such a shift tends to
result in increased energy use. Contributing to the
export surge were such energy-intensive products as
aluminum (44-percent growth in exports) and steel
mill products (121-percent growth in exports) ().

The shift toward more energy-intensive industries
might be a temporary one. Two potentially conflict-
ing policy goals may interact to shape future
manufacturing-the desire, on the one hand, to
improve the sector and revive exports to lessen the

trade deficit (44); and the need, on the other hand, to
reduce CO,emissions by shifting from more to less
energy-intensive manufacturing activities.

ANATOMY OF ENERGY USE IN
MANUFACTURING

The previous section provided abroad perspective
on manufacturing’'s energy use, which is useful for
a general understanding of the sector and its
relationship to the economy. This section tracks how
energy is specifically used in manufacturing, partic-
ularly by the four most energy-consumptive manu-
facturing industries: primary metals, paper and
allied products, chemical and allied products, and
petroleum refining.

Services Provided bv Energy in the
Manufacturing Sector

About half of the fossil fuels and electricity used
by industry provides process heat, steam, and
cogenerated heat and steam (see figure 6-5). Energy
in manufacturing is also used for feedstocks, me-
chanical drive, electrolysis, lighting, and space heat.

Boilers and Process Heaters

The basic materials industries (metals, chemicals,
petroleum) rely on many high-temperature proc-
esses, hence large amounts of process heat. For
example, steel is heated so that it can be shaped into
specigic products such as sheet, tube, or wire.
Process heat also accounts for most of the energy
used for metals smelting, petroleum refining, and
cement manufacture. Improved insulation around
heaters, computer-controlled regulation of fuel com-
bustion, and increased utilization of waste heat have
led to major improvements in process-heat fuel
efficiency since 1973 (37).

Cogeneration of Electricity and Steam

Cogeneration refers to the combined production
of heat (usually steam) and electricity from the same
energy source. Nationwide about 20 to 25 percent of
the cogenerated energy output is electricity, the
remainder is steam (14). Depending on the degree to
which cogenerated steam is utilized, cogeneration
technologies can almost double fuel efficiency (33)
for user firms, reducing their need to purchase
energy. Cogeneration is usually restricted by eco-
nomic considerations to applications where heat of

SData for 1985 and 1988 from refs. 47 and 46, respectively.
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Figure 6-5—1987 Industrial Energy Use by Function
(percent)
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SOURCE: Gas Research Institute, Industrial Natural Gas Markets: Facts,
Fallacies, and Forecasts (Washington, DC: 1989).

low-to-moderate temperature is needed on a regular
basis. In 1958, more than one-fifth of the electricity
manufacturers used was cogenerated. This dropped
to 8 percent in 1981, but rebounded to 10 percent in
1986 (33). This recovery trend is likely to continue;
in fiscal year 1988, more than 300 cogeneration
facilities with a planned capacity of 7,005 mega-
watts were registered for operations (12).

The four most energy-intensive manufacturing
industries dominate use of cogeneration (see table
6-3). Industrial and commercial cogeneration capac-
ity is currently about 23,000 megawatts, amost 4
percent of total U.S. electric generation capacity
(19). An additional 60,000 megawatts may be
technically and economically feasible (18).

Feedstocks

Unlike other energy services, feedstocks (i.e.,
petroleum feedstocks in chemicals and plastics
manufacture) are raw materia inputs to manufac-
tured goods. Since feedstocks are generaly not
combusted (the notable exception is coke, used in
steel manufacture), their consumption does not lead
to emissions of greenhouse gases, except to the
extent that heat is required to process them.

Mechanica Drive

Energy is used for mechanical drive equipment,
conveyers, stamping presses, pumps, COMpressors,
blowers, and fans (31). Diesel- and gasoline-driven
engines provide a small amount of this energy
service, but electric motors are by far the most
prevalent machine-drive technology in manufactur-
ing, accounting for two-thirds of industry’s electric-

ity use (9).

Table 6-3-Electricity Cogeneration by Industry, 1985

Million

Industry kWh Percent
Paper and allied products .. ....... 32,866 47
Chemicals and allied products . . ... 19,827 28
Petroleum and coal products . .. ... 5,507 8
Primary metal industries . ......... 4,556 7
Food and kindred products . ... .... 3,618 5
Transportation equipment. .. ...... 318 <0.5
Textile mill products ............. 305 <0.5
Stone, clay, and glass products . . .. 207 <0.5
Machinery, except electrical .. ... .. 194 <0.5
Rubber and miscellaneous 69 <0.5

plastics .. ....... ... . L
Fabricated metal products . ....... 65 <0.5
Printing and publishing . .......... 26 <0.5
Other manufacturing . ............ 2,197 3

Total ....... ... . L 69,755 100

NOTE: Total does not add to 100 due to rounding.

SOURCE: U.S. Department of Energy, Energy Information Administration,
Manufacturing Energy Consumption Survey: Consumption of
Energy, 1985 DOE/EIA-0512(85) (Washington, DC: November
1988), table 9, p. 39.

Electrolysis

Electrolytic processes use electricity, rather than
heat and pressure, to change matter at the atomic
level. Electrolytic processes account for 10 to 15
percent of all electricity used by manufacturing (9).
Two industries, aluminum and chlorine manufactur-
ing, dominate energy use for electrolysis (37). Gains
in electrolysis efficiency can result in reductions of
greenhouse gas emissions if the electricity is sup-
plied by fossil fuels. In 1989, 70 percent of
utility-generated electricity came from fossil fuel
combustion (55).

Space Heat

Manufacturing, by and large, uses the same space
heating and cooling technol ogies as does the build-
ings sector (see ch. 4), although waste heat from
thermal processes is employed in some cases. Po-
tential gains in energy efficiency can be made by
improving heating and cooling technologies, and by
utilizing waste heat more extensively.

Nonmanufacturing Industry Uses

Nonmanufacturing energy use is concentrated in
four industries. mining, natural gas production,
agriculture, and construction. About one-quarter of
nonmanufacturing industrial energy use is used to
prepare natural gas for pipeline delivery; another
one-quarter is used in off-highway vehicles in
agriculture, mining, and construction. Most of the
remainder is used in boilers and process heaters ( 14).
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Figure 6-6-Consumption of Fossil Fuels and
Electricity y by Selected Manufacturing Industries
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SOURCE: U.S. Department of Energy, Energy Information Administration,
Manufacturing Energy Consumption Survey: Changes in En-
ergy Efficiency 1980-1985, DOE/EIA-0516(85) (Washington,
DC: January 1990).

The Largest Users of Energy in the
Manufacturing Sector

The four biggest manufacturing energy consum-
ers are paper and alied products, chemicals and
alied products, petroleum and coal, and primary
metals (see figure 6-6). Collectively these industries
account for over three-quarters of manufacturing’'s
energy use. Each of the four industries is responsible
for between 14 and 19 percent of manufacturing’s
CO,emissions, athough their principal emission
sources differ. The primary metals industry, for
example, was third in terms of energy consumption
but first in CO,emissions because of its heavy use
of coal.

Each of these industries is an important “up-
stream’ producer that sells its output to industries
““‘downstream’ for further processing into final
goods. Given this interdependence, efforts to curtail
emissions should focus on the potential for improv-
ing energy efficiency, rather than on limiting output.
Reducing domestic output would probably result in
these materials being imported, which would do
little to affect the global generation of greenhouse
gases.

Paper and Allied Products

The paper industry consumes more fuel oil for
heat and power than any other manufacturing
industry (53). Nevertheless, both energy and cost

reduction activities at the mills have reduced energy
intensity (energy consumed per ton of product).
Most important among the changes affecting energy
use are:

1 water is being recirculated more, instead of
being discharged, reducing steam requirements;

2. recycling of post-consumer fibers is increasing,
which reduces pulping energy requirements,

3. thermo-mechanical pulping (TMP) (an im-
proved method for grinding the wood) is
increasing, boosting electricity requirements,
and

4. cogeneration of electricity and steam, histori-
caly very strong a pulp and paper mills,
continues to expand.

In addition, the use of biomass byproducts (pul p-
ing liquor, bark, sawdust) for energy has increased
significantly. In 1972, 40 percent of the energy used
by the industry was obtained from biomass; in 1985,
56 percent (33). As aresult, the use of conventional
fuels and electricity (including losses) for papermak-
ing fell from 24.8 to 17.8 million Btu's per ton
between 1972 and 1985, an average rate of decline
of 2.5 percent per year.

Further gains in energy efficiency can be made in
the paper industry by improved process optimization
and pressing and drying, continued investment in
cogeneration and other energy-efficient technolo-
gies, and increased paper recycling (41). Use of
scrap paper, rather than virgin timber, permits the
pulping process to be bypassed and reduces the
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The settling pond in the foreground is part of the paper
mill's environmental protection system. Behind looms
the recovery boiler, which can meet a significant
portion of a mill's energy needs by burning waste
from the pulping process.
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amount Of energy required for manufacturing some
grades of paper products (42).

Chemicas and Allied Products

In 1985, the chemicals industry was the second
largest manufacturing industry in terms of energy
use, consuming almost 3.6 quads of energy (53). It
is the most complex of the four main energy-
intensive industries. Instead of one specific product,
it produces a wide range of intermediate and final
goods, including agricultural chemicals, plastics,
and paints. The purposes for which energy is used by
the chemicals industry are correspondingly varied—
the use of energy as feedstocks accounts for a large
portion of consumption; large quantities of energy
are also expended on process heat, steam heat,
mechanical drive, and electrolysis. Natural gas is the
dominant energy source in the industry, and is used
both as a feedstock and as a source of heat and
power.

From 1972 to 1985 the basic chemicals industry
reduced its energy use per pound of product by 36
percent (32). This probably reflects the combined
effects of initially high energy intensity, a high level
of technical capability (e.g., the relatively large
number of process engineers at chemical plants), and
the modest thermodynamic requirement (e.g., low
temperature) of many processes. A recent increase in
cogeneration has provided a significant savings as
well. The most substantial improvements in energy
efficiency in the future will come as older equipment
is replaced and as energy-inefficient processes are
abandoned in favor of more efficient ones (33). The
three main opportunities for increased energy effi-
ciency through new technologies and/or process
modifications are distillation, waste heat recovery,
and product integration (i.e., whereby intermediate
products such as ethylene are produced in petroleum
refining complexes) (40).

Petroleum and Coal

The petroleum and coal industry is the largest
energy user among manufacturing industries, con-
suming more than 5 quads of energy in 1985 (53).
Petroleum refining dominates the industry’s energy
use, accounting for 90 to 98 percent of total annual
energy consumption (37, 45, 49).

Unlike the paper industry, which has a large
resource base of domestic timber and relies mainly
on self-generated energy, U.S. petroleum refineries
depend on a foreign supply of crude oil for both

Photo credit: PPG Industries, Inc.

A plant for the production of ethylene glycol is shown
above. Glycol is used for making polyester fibers, photo
film, and plastic bottles.

feedstock and energy source. This supply is subject
to sudden changes in the price, quantity, and type of
crude imported, al of which can influence energy
consumption by refineries. Recent trends toward use
of ‘‘heavy’ crude ail, for example, have increased
the energy needed for processing as compared to
lighter crudes.

Two additional factors influencing energy use are
shifting demand for different types of products and
environmental regulations. Demand has decreased
for most sulfurous fuels (such as residual fuel oil)
and high-octane unleaded gasoline (40). Environ-
mental regulations limiting sulfur and lead content
in fuels have mandated extra processing of fuel,
hence increased use of energy for refining.

Improvements in refinery equipment and opera-
tions and computer process controls have led to
nearly a 13-percent drop in the energy required per
barrel of output from 1972 to 1985 (32). Key
improvements have been made in steam systems.
Large savings have resulted from rationalizing these
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systems, reducing leaks, renovating steam traps,
using low-pressure steam that used to be vented, etc.
In addition, new installations of boilers that cogener-
ate electricity and steam are allowing refineries to
meet their medium pressure steam needs more
efficiently.

Primary Metals

Steel and aluminum manufacturing account for
most energy used in primary metals, which totaled
about 2.6 quads in 1985 (53). The primary metals
industry is the biggest industrial user of both coal
and electricity, and is a leading emitter of CO,,
accounting for about 5 percent of total U.S. CO,
emissions in 1985.

Steel—Production of steel involves many energy-
intensive processes, most requiring large amounts of
process heat to alter the chemical makeup of input
materials and for shaping the stedl into useful forms.
Three types of steelmaking furnaces are currently
used in the United States. Open hearth furnaces are
the oldest and now least used type. Basic oxygen
furnaces, which speed the steelmaking process by
blowing oxygen into the furnace, are the most
common type. Electric arc furnaces, which produce
steel by electric arcing between carbon electrodes,
are the most efficient type of furnace used today and
are responsible for a growing share of U.S. steel
production.

In the early and mid-1980s, U.S. producers re-
duced cost and improved energy efficiency by
closing obsolete and unneeded mills and facilities—
unfortunately, though, over half the jobs in the
industry have been lost as a result. Between 1972
and 1985 additional investments in modernization
reduced energy use per ton of steel mill products by
21 percent, or 1.8 percent per year (33). Specificaly,
the electric arc furnace has resulted in increased
substitution of scrap for iron ore, which allows
steelmakers to bypass the beneficiation and smelting
processes and reduce energy use by 30 to 40 percent
(37). Continuous casting, which permits increased
working of hot steel, reduces the energy spent on
reheating metal at various stages of the production
process by about 15 to 20 percent, while vastly
increasing the production yield (37). The continuous
casting of stedl has risen from 9.1 percent of al steel
production in 1975 to 61.3 percent in 1988 (l).

Photo credit: Amercan Iron and Steel Institute

The slab is being torch cut after emerging from the
continuous slab caster. Continuous casting eliminates
the need for ingot stripping, reheating, and primary
rolling. Continuous casting is also more energy
efficient because less metal must be returned to
the steelmaking process in the form of waste.

Aluminum—The aluminum industry, like the
steel industry, uses large quantities of energy to
convert ore into metal and form the metal into
finished goods. Manufacture of aluminum, however,
involves somewhat different processes and a differ-
ent mix of fuel types. Electricity accounts for most
energy use in aluminum manufacture-77 percent in
1981 (45). Hydrodectric power, which currently
provides about 10 percent of electricity generation
capacity in the United States, accounts for over
one-third of electricity used by the aluminum
industry (10). Thus, electricity used in the aluminum
industry is significantly less CO,-intensive than the
nationwide average. Production of aluminum has
also become more energy-efficient in recent years
due to the introduction of new technologies.

How quickly the energy efficiency of the primary
metals industry improves in the future will largely
depend on the rate of capital stock turnover. Because
of slow growth in the primary metals industry and
the long lifetimes of most capital equipment, accel-
erated replacement of energy-using equipment in the
near future is unlikely without incentives.’

6An example of such an incentive isthe Department of Energy’s cooperative program with the steel Companies to research new continuous

steelmaking technologies.
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There is potentia for significant reductions in
energy use in the near future through recycling of
primary metals. Production of aluminum from scrap
requires about 90 percent less energy than produc-
tion from bauxite ore. Production of steel from scrap
consumes about 40 to 50 percent less energy than
production from iron ore (8). As of 1987, the United
States recycled about 43 percent of all aluminum in
municipal solid waste and over 55 percent of used
aluminum beverage cans (42).

other Manufacturing Industries

Aside from the four largest industries, and the
stone, clay, glass, and food processing industries,
most manufacturing involves the intermediate proc-
essing of raw materials. The intermediate processing
or ‘‘second-tier’ industries together accounted for
30 percent of the manufacturing sector’s total use of
fossil fuels in 1985, and almost half the sector’'s
electricity use (49).'The heavy use of electricity
reflects the extent to which these industries rely on
mechanical drive. While second-tier industries do
not require much process heat, they consume most
of manufacturing's space heat energy, since they are
generally more labor intensive than the basic materi-
als industries. The stone, clay, glass and food
processing industries also use significant natural gas
for heating purposes.

In contrast to the four largest industries, second-
tier manufacturers usually give low priority to
improved energy efficiency and energy conserva
tion. Hence, they offer a potentially significant
target for reducing manufacturing’s energy use (32).

Energy-Efficiency Improvement Techniques

Energy efficiency can be improved in manufac-
turing by changing operations and associated equip-
ment to reduce energy use, and/or by significantly
changing overall production processes (33). Equip-
ment changes and energy conservation add-on
technologies involve significant investment (typi-
cally $100,000 to a few tens of million dollars),
which are often justified by reduced energy costs.
Changes in the major production processes often
require a new facility, at costs which usually exceed
$100 million.

Energy-Efficient Operations

Energy-efficient operations are achieved, in part,
by good housekeeping practices by well-qualified
staff with leadership and support from top manage-
ment. General energy conservation practices in-
clude: inspections to encourage conservation activ-
ity; training programs for operations of energy-
intensive equipment; scheduling of energy-intensive
activities; better space heating/cooling controls;
systematic maintenance programs, accounting pro-
cedures to charge energy costs to specific production
departments; and low-level investments such as for
inspection equipment. At some plants, employee
suggestions for and participation in energy conser-
vation have led to improved operations (32).

Energy Management Systems

Equipment can be turned off or down as appropri-
ate by an energy management system, i.e., a
microprocessor connected to major energy distribu-
tion lines and/or eguipment, which records and
partly controls energy use. For example, it is still
common industrial practice to leave electrical equip-
ment on between production shifts. Large energy
savings can be achieved by turning off equipment at
these times and by selectively turning off or down
equipment when production is below capacity.
However, costly installation of wiring and switching
is often required for systematic shut-downs of
process equipment, lights, and fans.

Extensive changes may be required to selectively
turn off appropriate equipment in a major factory.
The typical cost of an energy management system in
an auto plant with aload of 100 million kWh per year
is about $750,000, with energy savings of about 10
percent. Exact costs and savings are, of course, site
specific (33). Energy management systems have not
yet been installed in most factories.

Changes in Energy-Intensive Equipment

Some of the major technologies that can reduce
the energy intensity of a given process are more
efficient burners, more efficient motors and lights,
heat recovery, automatic controls, the capture and
reuse of waste materials, cogeneration, and insula-
tion. The following discussion expands on a few of
these.

TThese numbers iNCIUCE the stone, clay, glass, and food processing industries. Without these four industries, the manufacturing sector’s use of fossil

fuel and electricity would be 12 and 34 percent, respectively.
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Heat recovery refers to the capture of waste heat,
its application, and, in some cases, the upgrading of
heat quality (i.e., with a heat pump). The main
sources of heat are burner stack gases, heated
product, and other hot material streams. The main
applications are production of steam for general use
(e.g., in waste-heat boilers) and the preheating of
materials, such as water destined for a boiler, a
product stream destined for a heater, or fuel or air
destined for combustion.

High-efficiency motors are now routinely ordered
at many firms when a motor is being replaced. (Most
larger motors, however, are not replaced when they
malfunction but are rewound. ) High-efficiency mo-
tors typically cost about 20 percent more than
standard motors (e.g., $60/hp compared with $50/
hp) and save about 5 percent in electricity, depend-
ing on the size of the motor (2).

Motors can also be equipped with electronic
variable-speed drives, allowing the motor to be run
at a speed appropriate for the task at hand. Variable-
speed drives typically replace conventional, constant-
speed applications where:

1. motors provide more flow than is usually
required,

2. motors work against variable-flow restriction
devices, or

3. motors are turned on and off to regulate flow.

Typically, variable-speed drives reduce electricity
use by about 20 percent (21).

Savings from more efficient lighting can be
relatively large. If high-pressure sodium lamps
replace mercury-vapor lamps for area lighting,
energy savings of 50 to 60 percent can be achieved.
Similarly, efficient high-frequency ballasts and spec-
ular reflectors can be installed in fluorescent lighting
systems with electricity savings of 50 to 60 percent.
With half as many bulbs this combination delivers
about 90 percent as much light as the standard
installation, Nonetheless, many improvements in
lighting technology have yet to be widely adopted.

The importance of automatic controls is, of
course, increasing as microelectronic technology
improves. Such controls include:

1. process controls that sense characteristics such
as temperature, chemical composition, and
flow rate and immediately optimize them;

2. burner controls such as those that control the
air-to-fuel ratio;

3. motor controls that, for example, adapt motor
speed to the load; and

4. energy management control systems (discussed
above).

While industry has made a start in applying some
automatic controls (i.e., first generation burner
controls and process controls), opportunities remain
for further applications, particularly of more ad-
vanced models. Motor controls have not yet been
extensively applied.

Changes in the Production Process

For this report, production activity is discussed at
the level of an integrated mill or factory. The
introduction of new processesin factories (i.e., new
ways of transforming materials) and shifts in the
relative use of competing processes are among the
most important sources of declining energy intensity
in materials manufacturing. The growing use of
recycled material, both fabricators scrap and post-
consumer scrap, also has a major impact on energy
savings. Only about one-tenth as much energy is
required to melt scrap aluminum as to reduce
aluminum ore to make the same amount of molten
metal.

Many energy-saving opportunities relate to the
capture and use of materials that have previously
been disposed of, such as (flared) organic byproduct
gases, organics in waste streams (e.g., in exhaust
gases at a paint dryer), water, or steam condensate.
Reducing material flows can also save energy.

Material recovery projects have been widdy
implemented since the first oil shock both to achieve
energy savings and to meet pollution standards.
Increased heat recovery equipment was widely
installed where higher fuel prices made it very
profitable; thus less retrofit activity can be expected
in this area, unless fuel prices rise again.

Energy Savings as a Byproduct of Adopting
Other Technologies

Potentially, the greatest decrease in emissions
will not be the result of direct efforts to reduce
energy consumption but of indirectly pursuing other
economic goals like improved product quality,
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Box 6-A—Potential for Industrial Energy Efficiency in the U.SSR. and Eastern Europe

USSR

The Soviet industrial base is similar to that of past decades in the United States and many other OECD
countries, with a strong reliance on energy-intensive industries (e.g., primary metal, mineral, mining, and chemical
works), along with the production of energy itself. These will continue to be needed in order to produce the housing,
appliances, vehicles, and transportation infrastructure desired by Soviet citizens.

Industrial energy consumption currently represents more than 50 percent of total energy use in the U.S.S.R.
Ferrous metallurgy, fuels and power, machine building, and chemicals, petrochemicals, and petroleum refining
consume 70 percent of all industrial energy, or about 40 percent of total Soviet energy consumption (34). Improving
end-use energy efficiency in these industries is possible, but it will require continued reforms in the Soviet economic
system (see ch. 9).

One Soviet analyst (3) estimated that the industrial sector could reduce energy use by about 20 percent by using
the most efficient, currently available technologies. This might require a substantial increase in Soviet foreign trade
with OECD countries, though, because the mgjority of these technologies are presently used and produced only in
those countries.

Eastern Europe

Industry is the largest energy-consuming sector in Eastern Europe, accounting for 59 percent on average of
primary energy consumption in 1985 (26). Despite major growth in the residential and commercial sectors,
industrial energy use is expected to continue to dominate the energy supply and demand picture in Eastern Europe
wdll into the 21st century.

Kolar and Chandler (26) projected that policies encouraging energy efficiency might reduce energy demand

t

in the overall Eastern European industrial sector by about 6 quads by 2025. This does not reflect the effects of

potential economic reform on structural changes and overal energy intensity. Some people in Czechoslovakia, for
example, have called for reducing the production of steel to one-half of its present level, and even more dramatic

changes have been recommended for nonferrous metallurgy and chemicals production.

lower product costs, or pursuing specialized mar-
kets."For example, the innovative float process of
making glass was not adopted solely because of
energy savings, but because of the production
flexibility that the new system offered (22). The
major impact of the continuous casting of sted is not
energy saved, but improved product yield (60). The
shift in the steel industry from large, very energy-
intensive open hearth furnaces to more energy-
efficient basic oxygen and electric furnaces has
occur-red in alarge part because of the demand for
small, regular shipments of products with special
metallurgical and dimensional characteristics (17,
36). Metal stamping plants have implemented new
techniques for cushioning their presses not because
of the 10 percent energy savings involved, but
because of the desire for a more consistent product
achieved with fewer maintenance costs (33).

Canada’'s National Energy Board concluded that
most of the industrial energy-efficiency gains that
the country achieved have “. . . resulted from the

adoption of new processes, motivated by concerns
for competitiveness and productivity, rather than
energy costs' (28). Future industrial savings are
also likely to be associated dividends of larger goals,
given the increased competition from foreign fins,
the advent of information technologies that allow
production to be more closely monitored, and the
movement towards high-value-added products.’

In the U.S.S.R. and Eastern Europe, the industrial
sector consumes a much larger share of total energy
than in the United States. Many opportunities exist
for energy savings in the rapidly changing industrial
economies of these nations (see box 6-A).

OTA EMISSION REDUCTION
SCENARIOS

OTA developed an energy technology model to
track the effects of various technical options to
reduce CO,emissions (see app. A). Figure 6-7
summarizes CO,emissions from the manufacturing

8Thesteel industry is one example (17, 36).

9For more on this conclusion, see refs. 27, 33.
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Figure 6-7—Emissions in 2015 Under the Base Case,
Moderate, and Tough Scenarios, by Energy
Service Category
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SOURCE: Office of Technology Assessment, 1991.

sector in 2015 as a percentage of 1987 levels, by type
of energy service, for the Base, Moderate, and Tough
scenarios. Figure 6-8 shows our projections of
industrial emissions as a percentage change from
1987 industrial emissions under the Base, Moderate,
and Tough scenarios up to the year 2015. In the Base
case or ‘‘business-as-usual scenario, no new poli-
cies are adopted, resulting in about a 45 percent
emissions increase, from about 420 million metric
tons of carbon in 1987 to about 610 million metric
tons in 2015. Over the same period, energy use is
projected to increase by about one-third. Carbon
emissions increase more rapidly because coal and
purchased electricity both gain market share over the
period (see figure 6-9).

Application of technologies that are currently
available and cost-effective on a life-cycle basis (the
Moderate scenario) still result in emission levelsin
2015 that are about one-quarter above 1987 levels.
Only in the Tough scenario, where technologies are
employed that are either currently expensive or not
expected to be commercially available in the next
decade, do emission levels drop below the 1987
level by 2015, to about 10 percent below 1987
levels.

Figure 6-&Summary of CO,Emissions Under the
Base Case, Moderate, and Tough Scenarios,
by Year
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SOURCE: Office of Technology Assessment, 1991.

Figure 6-9-Fuel Use Under the Base Case,
Moderate, and Tough Scenarios, by Fuel Type
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Table 6-4 lists the technical options considered in
each of the above categories. The column headings
(Base case, Moderate, and Tough) denote the three
different levels of commitment. Listed underneath
them are technological improvements and opera-
tional changes that could be expected to occur as a
result of the implementation of the strategy.



Table 6-4—industrial

Sector Conservation Measures

Base case

Moderate controls

Tough controls

1. Operation and maintenance/existing stock:
Housekeeping ............... —
Lighting retrofits . . ............ —

2. New investments:

Motors Standard motors

Lighting . .................... Standard lighting

Product/process changes . . .. ..

Fuel switching ... ............ Coal gaining share, gas
maintaining share

Cogeneration . . .............. 26 GW in 2005, 39 GW in 2015

3 Accelerated turnover and new investments (technologies and rate):
Early equipment retirement . . . . Not applicable

High efficiency (ISTIG)

cogeneration . . ............ Not applicable

50/. savings by 2000
High-efficiency bulbs net 12% savings

High-efficiency motors and ASD
save 1070

High-efficiency ballasts, reflectors net
50°/0 savings

Four major industries’ energy
intensity reductions average
about 1.5°/0 per year®

Same as Base case
700/0 of new and replacement

boilers cogenerate steam and
electricity

Not applicable

Not applicable

50% savings by 2000
High-efficiency bulbs net
12% savings

High-efficiency motors and ASD
save 30%
Same as moderate controls

Four major industries’ energy
intensities set to historical
improvements,’other industries
at -0.5%lyr, beyond Base case

No new coal boilers, market share
goes to natural gas

90°/0 of new and replacement
boilers cogenerate steam and
electricity y

Average equipment lifetimes
5 years shorter

Replace 25% of new gas-fired
cogeneration in 2000 and 50% after
2005 with ISTIG

aThe following efficiency improvements were assumed for the Moderate Scenario: paper, 1.70/. per year; chemicals, 1.2"/. per year; petroleum, 1.3% per year; primary metals, 1 .8% per year.

bThe following efficiency improvements were assumed for the Tough scenario: paper, 2.8?/. per year;chemicals, 3.8% per year; petroleum, 4.30/. per year; primary metals, 2,30/ per year.
ABBREVIATIONS: ASD = alternating speed drive; GW - gigawatts; ISTIG - intercooled steam-injected gas turbines.

SOURCE: Office of Technology Assessment, 1991.
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While the column headings characterize levels of
commitment measured in terms of overall costs, the
row headings (Operation & Maintenance/Existing
Stock, New Investments, Accelerated Turnover and
New Technology) loosely reflect the lead times
(going from short to long) associated with a particu-
lar group of changes. Operation & Maintenance/
Existing Stock focuses on improving efficiency
within the confines of the existing capital equipment
stock. New Investment includes what might occur if
policies were adopted that steer purchasing deci-
sions towards high-efficiency equipment. Accelerated
Turnover and New Technologies simulate what
might be possible with policies that hasten the
development of new technologies and the retirement
of old equipment.

The energy conservation opportunities in the
industrial sector are more difficult to analyze than in
other sectors because the uses of energy are very
heterogeneous and are often interrelated. Energy
conservation can result from investment in individ-
ual pieces of equipment (e.g., a high-efficiency
motor) or in changes to a whole manufacturing
process (e.g., continuous casting steel). To deal with
this problem, the analysis of the industrial sector
examines efficiency in specific types of equipment
that are used in many types of industrial processes
and specifically focuses on likely process changes in
the four biggest energy-consuming industries—
paper and allied products, chemicals, petroleum
refining, and primary metals.

Note that in this analysis, emissions reductions
are not linked to major changes in the utility fuel mix
that produces €electricity for industry. Because over
half of U.S. electricity is produced by burning coal
(the most CO.-intensive fuel), the emissions reduc-
tions described in this chapter could be augmented
by changing how electricity is made (see ch. 3).

Base Case

OTA'’s Base case projection of a 45 percent in-
crease in emissions from 1987 to 2015 reflects the
Gas Research Institute’ s 1988 baseline projections.
Industrial production is projected to increase 2.7
percent per year, but energy use is estimated to grow
more slowly. The result will be a continuing decline
in the energy intensity of U.S. industry, including
that of each of the four higgest energy using
industries.

By 2015, we assume there will be about 39
gigawatts of industrial cogeneration capacity in the
Base case. Most of the electricity is used internally
by industrial fins, but about one-quarter is sold to
utilities. Gas is projected to be the fuel most used for
cogeneration, but coa’s share increases signifi-
cantly by 2015.

Moderate Controls

Adopting Moderate control measures could re-
duce CO,emissions by 77 million metric tons per
year below Base case projections for 2015; emission
levels would still exceed 1987 levels by 25 percent
(see figure 6-7). Figure 6-10 shows the emissions
reductions achievable in 2000 and 2015 by each of
our Moderate control measures. Product and process
changes that reduce the energy intensity of the four
biggest energy-using industries achieve the greatest
emissions reductions (about 9 percent of 1987
levels) (52), The impacts of other conservation
measures (motors and lighting) may overlap with
those of process and product changes; the scenario
is adjusted to avoid double counting of the same
emission reduction opportunities. Improvements in
housekeeping and new, more efficient motors reduce
emissions by 6 percent and 4 percent of 1987,
respectively, by 2015.

Increased cogeneration based on gas and biomass
achieves CO,emission reductions equivalent to
about 3 percent of 1987 levels by 2015, even though
energy delivered and consumed increases. The OTA
model assumes that cogeneration systems are de-
signed to deliver both electricity and steam for
internal use rather than to maximize electricity
production. The assumed design maximizes the
technical fuel efficiency and therefore minimizes
carbon emissions, even though in some cases it may
not be the least-cost alternative.

Tough Controls

By 2015, emissions under the Tough control
scenario fall to about 10 percent below 1987 levels
(see figure 6-7). Total emissions are about 40
percent lower than the Base case in 2015. Figure
6-11 shows the emissions reductions in 2000 and
2015 for each of the Tough measures as percentages
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Figure 6-10--CO,Emissions Reductions in 2000
and 2015 Expressed as a Percentage of 1987
Manufacturing Sector Emissions, by Control

Method, Under the Moderate Scenario

Moderate controls

.
Efficient motors h
L._] 2000

Lighting g Bl 2015
Process changes

Fuel switching ot applicable

Cogeneration h

+

New investments

Housekeeping NSNS Operation and maintenance/

| existing stock
Lighting retrofits ]

0 5 10 15 20 25 30
Reductions as a percent of 1987 emissions

NOTE: The data presented above should be interpreted as the emissions
reductions achievable in a future year expressed as a percentage
of 1987 emissions from industry, not as a percentage decrease in
emissions befow 1987 levels.

SOURCE: Office of Technology Assessment, 1991.

of 1987 levels. *O Reductions from all Tough meas-
ures total about 210 million metric tons, roughly half
of 1987 emissions. To achieve such reductions,
equipment stocks (e.g., boilers, motors, etc. ) must be
replaced 5 years sooner than they normally would
be. Operation and Maintenance/Existing Stock meas-
ures are the same as in the Moderate scenario, but are
introduced more quickly.

Process changes occurring in all industries achieve
about a 26 percent reduction by 2015, compared to
1987 emission levels, assuming the energy intensity
of the four largest industrial energy users continues
to decline at the 1980-85 rate. Other industries are
assumed to experience an additional energy inten-
sity reduction of 0.5 percent per year compared to
the Base case.

High-efficiency motors, which use 30 percent less
energy than standard motors, reduce emissions by 12
percent of 1987 levels by 2015. If existing motors
are replaced 5 years sooner than scheduled, an
additional 1 percent reduction can be achieved.

Figure 6-11—CO,Emissions Reductions in 2000
and 2015 Expressed as a Percentage of 1987
Manufacturing Sector Emissions, by Control

Method, Under the Tough Scenario
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SOURCE: Office of Technology Assessment, 1991.

If the building of new coal-fired boilers is
stopped, and the entire market share for new coal
shifts to natural gas (the fuel-switching measure), an
8-percent reduction in industrial CO,emissions
would be achieved by 2015 (9 percent if existing
boilers are replaced 5 years sooner than scheduled).

New investments in cogeneration can achieve
about a 7 percent reduction in CO,emissions by
2015, assuming that cogeneration provides 61 giga-
watts (GW) in 2015 and meets 90 percent of new
industrial steam demand.11 New, more efficient
cogeneration technologies, such as intercooled steam-
injected gas turbines (ISTIG), should become widely
available in the 1990s. We estimate that if ISTIG
cogeneration replaces about half of the new gas-freed
cogeneration after 2005, then industrial CO,emis-
sions can be reduced by about 16 percent in 2015,
relative to 1987 levels.

Because many of the Tough measures have
overlapping effects, total reductions under the Tough
scenario are lower than the sum of the reductions
from each individual measure shown in figures 6-10

10This format should not be confused with the one presented in figure 6-8, which ShOws emissions as a percent change from 1987 levels

Il Note that this category is not included in figure 6-11. The more stringent ISTIG cogeneration technology is presented instead.
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and 6-11. For example, the potential reductions from
cogeneration are lower if other conservation meas-
ures that lower the demand for steam energy are also
assumed. On the other hand, other emissions reduc-
tion options may exist that were not included in this
analysis. The potential savings calculated here
should not, therefore, be taken as an absolute limit.
In general, however, large emissions reductions may
be very difficult to achieve by 2015, in part because
of continued growth in the manufacturing sector,
and in part because industry has already invested in
energy efficiency.

Costs of the Tough Control Scenario

We estimate that the cost of al the Tough
industrial control measures falls in the range of $18
billion to $55 billion per year. The cost of individual
measures are summarized below and presented in
greater detail in appendix A.

Use of more efficient motors and lighting and
general housekeeping improvements are all meas-
ures that are either low cost or save money due to
large fuel savings. We estimate cost savings from
these measures of about $9 billion per year.

The extensive use of extremely efficient cogener-
ation technologies under our Tough scenario costs,
on average, about an additional $0.02 to $0.07 per
kWh of dectricity generated. Costs for cogeneration
total about $3 billion to $7 billion per year. The
cost-effectiveness of these reductions is in the range
of $55 to $120 per ton of carbon.

The moratorium on new coa industrial boilers
(assuming natural gas is the fuel of choice) would
increase natural gas use by about 2.3 quads over the
Base case. At our 2015 prices, this costs about $14
billion per year, with a cost effectiveness of about
$520 per ton of carbon reduced.

The largest share of the industrial reductions
comes from process change;. We have no source of
estimates for the cost of these reductions. We
assumed a range of $120 per ton to $520 per ton (the
upper bound of the cost-effectiveness of cogenera-
tion to the cost-effectiveness of fuel switching from
coal to natural gas). Total costsfor process changes
thus would fall in the range of about $10 billion to
$43 billion,

POLICIESFOR REDUCING
CO,EMISSIONS FROM THE
INDUSTRIAL SECTOR

Strategies for reducing emissions of greenhouse
gases from the manufacturing sector fall into three
categories: those meant to reduce overall energy use,
those intended to shift the composition of industrial
output, and those meant to encourage switching
from greenhouse gas-intensive energy sources to
sources that emit fewer or no greenhouse gases.
These strategies are outlined in greater detail below.
Policy options are presented in a following section.

Policy Strategies

Changes in Energy Efficiency

The energy efficiency of a manufacturing process
can be improved by increased housekeeping, equip-
ment retrofit, or construction of entirely new produc-
tion facilities. Housekeeping essentially involves
increased labor and management inputs to reduce
energy inputs. Equipment retrofit is a relatively
inexpensive aternative to actual equipment replace-
ment. However, equipment replacement or construc-
tion of entirely new facilities, though costly, offer
the largest overall energy savings.

Improving energy efficiency in manufacturing
can be quite cost-effective. Between 1976 and 1988,
about 2,500 energy audits were performed free of
charge for small and medium-sized manufacturers
(i.e., under 180 employees) through the Energy and
Diagnostic Center (EADC) program sponsored by
the Department of Energy’'s Office of Industrial
Programs. The program is administered by the
University City Science Center in Philadelphia and
currently has auditing centers at 18 universities,
During 1987-88, the audits performed contained
recommendations for savings of about 5 percent of
the total energy use by these manufacturers, equiva-
lent to a financial savings of $13.6 million. While
these savings are certainly encouraging, much more
potential for improvement exists: only half of the
recommendations made by the energy auditors were
implemented by the manufacturers.”Most (73
percent) of the energy savings resulted from im-
proved conservation and efficiency in production
and energy-service technologies (i.e., mechanical

12Research bearing on the impediments t. adoption of energy-efficient technology will be presented in a forthcoming OTA study, U.S.Energy

Efficiency. Past Trends and Future Opportunities.
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drive systems and boilers). The remainder was saved
through housekeeping and in lighting and space
conditioning systems.

Depending on assumptions made about invest-
ment interest rates, the manufacturers’ annual rates
of return from energy-conserving investments in
1987-88 were between 488 and 663 percent. The
Federal Government, which paid for the audits,
earned between 60 and 77 percent per year on its
investment in increased taxes from manufacturers
(25).

Changes in Output

The energy intensity of manufacturing industries
is unevenly distributed (see figure 6-12). Of the 53
manufacturing industries, only 4 have a primary
energy intensity of 100,000 Btu's or more per dollar
output; 11 are between 50,000 and 99,999 Btu's; and
38 use less than 50,000 Btu's (roughly the average)
per dollar of output (5). Thus, increased efficiency in
a few industries or a realignment of the economy
away from the most energy-intensive industries
could have a significant effect on the overall energy
intensity of manufacturing.

Indeed, decreased output of energy-intensive
goods accounted for about one-third of the decline in
energy use by the U.S. industrial sector between
1972 and 1982 (27). To the extent that consumers
substitute less energy-intensive goods for more
energy-intensive ones, CO0,emissions from U.S.
manufacturing can be reduced. However, the experi-
ence from 1985 to 1988 indicates that economic
output can also swing in the opposite direction
toward a more energy-intensive configuration.
Moreover, imports of energy-intensive products
increased in the period when U.S. manufacturing
shifted from more to less energy-intensive goods. To
calculate our total contribution to global problems
like climate change, and to formulate effective
energy reduction policies, it is important to include
estimates of the energy associated with nonenergy
imports. Failure to do so presents a false picture of
U.S. energy use and of the potential for savings.

Advances in information technologies have made
it possible to substitute information for materials,
leading to changes in production that indirectly save
energy. Instead of creating dozens of prototypes, for
example, Levi Strauss Co. is using computers to test
out new fabrics, patterns, and designs before ever
cutting a piece of cloth (4). Thus, quality and

Figure 6-1 2—Ranking of Manufacturing Industries
by Direct and Indirect Primary Energy Use
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Energy Efficiency and Structure,” Journalof Environmental
Economics and Management 17:93-108, 1989.

flexibility are enhanced and the use of materials and
associated energy is reduced. In essence, a shift in
output has occurred, with the software and informa-
tion technology industries gaining (43a).

Fuel Switching

Manufacturing industries can also reduce emis-
sions of greenhouse gases by switching to ‘cleaner’
energy sources. Natural gas and oil emit less CO,per
unit of energy than does coal, and no greenhouse
gases are directly emitted by generation of electric-
ity at hydroelectric or nuclear powerplants. In one
analysis, researchers found large-scale movement
towards refined petroleum products and electricity
from 1967 to 1972 and a movement away from
natural gas from 1972 to 1977, indicating that ‘*. . .
many industries are able to exercise a great deal of
flexibility in their use of fuels over spans of time as
short as five years' (5).

The decision to switch the type of energy used,
however, may be influenced by technical, economic,
environmental, and energy security factors. Any of
these factors may constrain movement from one type
of energy to another. Potential supply restraints also
can limit opportunities for fuel switching. Neverthe-
less, energy switching could reduce CO,emissions
from manufacturing by as much as 5 to 10 percent;
these reductions could be much higher in the long
run if reliable, nonfossil energy sources are devel-
oped, without seriously conflicting with manufac-
turing interests.
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Policy Options

Several categories of policies can be used to
implement the emission-reducing strategies outlined
above. They include regulatory and financial poli-
cies; electric utility programs; and information and
research and development policies. Unfortunately,
no single policy iswithout flaws. Careful coordina-
tion of several types of policiesis probably the best
approach for achieving significant emission reduc-
tions from the manufacturing sector.

Opportunities for reducing CO,emissions in this
sector are more difficult to identify than in other
sectors because of the wide variety of uses for
energy. Thus, those policies that affect energy
consumption in general, for example, carbon taxes
or marketable permits for carbon emissions, are a
logical choice for this sector. Moreover, because
industrial decisionmakers are often both more knowl-
edgeable and sensitive to prices than, for example,
residential energy consumers, one would expect
market-oriented options to be relatively more effec-
tive. Nonetheless, other types of policy approaches
in concert with market-oriented approaches can help
to ensure success.

Without any intervention, emissions may increase
by about 45 percent by the year 2015. Federal
policies to encourage energy efficiency, fuel switch-
ing, and CO,offsets in the manufacturing sector
have the potential to reduce the sector's CO,
emissions to about 10 percent below current levels
in the next 25 years. Such changes will not come
about by themselves. A coordinated policy effort at
the Federal level is needed to ensure success.

Regulatory Policies

One possible means of regulating CO,emissions
from manufacturing is to require permits for CO,
emissions. Manufacturers could be issued permits to
cover a prescribed level of emissions, for example a
set percentage of 1990 emissions. Reductions can be
accomplished by implementing energy -efficient tech-
nologies or fuel switching, or by supporting ap-
proved reforestation/afforestation projects to offset
CO,emissions from manufacturing activities (see
ch. 7). It would be up to the manufacturer to choose
the most cost-effective strategy, depending on costs
of available resources. Firms could be allowed to
trade their unused carbon permits to other firms
whose emissions exceed permit levels, thereby
creating a market for carbon emissions. Marketable

permits are the basis of the U.S. regulatory approach
for phasing out emissions of CFCs and for reducing
sulfur dioxide emissions to control acid rain. Mar-
ketable carbon permits are likely to be more difficult
to implement than permits for CFCs or sulfur
dioxide; nevertheless, such a system may still be less
intrusive to firms than mandated standards or
equipment. Marketable permits are discussed in
greater detail in chapter 3.

Another more traditional regulatory policy is to
require efficiency standards for common energy-
using equipment, similar to those existing for
automobiles and some appliances. Motors are prime
candidates for such standards. Efficiency standards
historically have been opposed by industry because
standards can be inflexible (33). However, decisions
such as motor purchases and recycling are made by
professionals dealing with a wide variety of specific
situations and are not immune to shortsightedness or
mistakes. Even so, the rationale for mandating the
use of a particular type of equipment is not as strong
as it is for setting efficiency standards for cars or
appliances; the consuming public might not be
competent or willing to evaluate the technical details
bearing on efficiency.

Electric Utility Programs

Some programs sponsored by electric utilities—
Demand Side Management (DSM)--offer another
means of achieving reductions in greenhouse gas
emissions from manufacturing. The cost to utilities
of facilitating energy savings (especially in large
energy users such as industry), may be competitive
with the cost of adding new supply capacity: the
utility interacts with the customer to conserve
energy and maximize profits. Many of these pro-
grams are in their infancy and it is too early to judge
their effectiveness. The major programs are:

1. rebates to customers who install agreed-on
kinds of equipment;

2. payments (by the utility that solicits bids) for
electricity savings resulting from installations;

3. low-interest loans to customers for conserva-
tion installations;, and

4, installation, at utility cost, of conservation
equipment (33).

See chapters 1 and 3 for more discussion of DSM.

Many large industrial customers of electric utili-
ties receive special lower rates because they supply
the utility with a large, dependable portion of
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electricity demand. Utility programs could be used
to reduce greenhouse gas emissions by making these
special rates contingent on improved use of electric-
ity. This differs from least-cost planning in that the
financial burden of improving energy use is placed
on the manufacturer, not the utility.

Energy or Carbon Taxes

The price of energy is obviously a very important
factor affecting its use. Prices can be affected
through a carbon tax, energy taxes (e.g., an ail-
import fee), or regulation of electricity prices, to
name a few. These are discussed in greater detail in
chapter 3.

A carbon tax is a particularly effective way of
levying the heaviest economic sanctions against the
worst emitters of CO,. Under such an approach, the
tax would be highest on coal, low for natural gas, and
zero for noncarbon sources.

Using several econometric models, the Congres-
sional Budget Office estimated that a carbon tax of
$100 per ton would hold CO,emissions at from
about current levels to as much as 25 percent below
current levels by 2000 (38). Within the industrial
sector, the tax is estimated to lower CO,emissions
in 2000 by between 10 and 35 percent below Base
case emissions in that year. The higher reduction
estimate is a result of a 70-percent reduction in coal
use.

However, analyses of pricing policies such as
carbon taxes may tend to overemphasize the role of
price. The fact that the energy intensity of the
economy began to decline before the first oil shock
and continued to fall during periods of declining
energy prices suggests that decisions about energy
use are not solely contingent on price. Energy prices
are important in decisionmaking, but are not the only
consideration. For example, reliability of supplies is
extremely important; facilities have been added at
many factories so that both natural gas and residual
oil can be burned and electricity generated.

Other very important considerations in energy
decisionmaking are the connections between energy-
using technology and product quality, yield of
materials, maintenance of equipment, capacity of
production, and so forth. Energy conservation meas-
ures are not undertaken if managers believe that the
measures are at al likely to interfere with production
or if the return on investment is not extremely high.
In most industries, energy costs are not that impor-

tant in the overall scheme of production. However,
many projects undertaken primarily to boost product
quality or to further automate production have side
benefits including saving energy. Such energy-
conservation projects, once identified, can be readily
undertaken.

Unlike other sectors, such as buildings or electric-
ity generation, nearly every manufacturing industry
faces increasingly intense foreign competition. Cau-
tion should be exercised in increasing costs to
domestic manufacturersif thereis not a commensu-
rate increase in costs to foreign competitors, or some
sort of equalizing export subsidy. Unless the costs of
policies are relatively equal worldwide, domestic
manufacturers could beat a unique disadvantage and
demand would conceivably shift from domestic
producers of a product to foreign firms, doing little
to curb the global production of greenhouse gases.

Tax Incentives

Much of the energy-using equipment in industry
isold and inefficient compared to the best available
technology. In 1975, for example, more than 70
percent of equipment in manufacturing was at least
15 years old and more than half was over 25 years of
age (40), Because in many cases replacing old
equipment improves energy efficiency by 10 to 50
percent, financial policies (such as, tax credits or
accelerated tax depreciation schedules aimed at
stimulating rapid replacement of older equipment
with more energy-efficient stock) have potential for
achieving improvements in energy use. Newer
equipment also generally improves the overal
productivity and competitiveness of the company.

This strategy has been tried in the past. The
National Energy Act (1978) provided a 10-percent
added energy investment tax credit (EITC) for
certain energy conservation investments (as well as
tax credits for certain energy supply investments).
The tax credits were available until 1985. They
applied to a specific list of technologies such as heat
recovery devices.

One study of the EITC concluded, based on
interviews and scrutiny of records at 15 participating
corporations, that the 10-percent EITC seldom
affected investment decisionmaking even though
the tax credit was almost always applied for (33). In
effect, almost all of the identified investment proj-
ects relating to conservation provided excellent
returns and probably would have been undertaken
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Bethlehem Steel main plant in Pennsylvania

even without the EITC. Many firms did not even
factor the EITC into their financial evaluation. An
additional objection to the EITC was that it specified
technologies; it thus ran counter to the essence of
technical change, which thrives on multiple new
technologies and concepts and often involves multi-
purpose goals.

Informational Policies

A major barrier to reducing emissions from the
manufacturing sector is alack of information about
how to improve energy use. Informational policies
can include performance goals, the collection of
performance data, energy performance labeling of
equipment, training, or performance audits (32a).
The Department of Energy’s Office of Industrial
Programs EADC program and its research and
development information transfer program are ex-

amples of successful Federal policy in this area.
Initiated in 1976, the EADC serves to transfer
state-of-the-art research information and energy
analysis expertise to manufacturers, who are able to
use the information for practical purposes. With
EADC finding, faculty and students at 18 universi-
ties perform free energy audits for small and
medium-sized manufacturers in more than 30 States.
From 1976 to 1988, nearly 2,500 audits were
undertaken, proposing a total of about 82 trillion
Btu's of energy savings, mainly from efficiency
improvements associated with cogeneration, space
heating, lighting, and process equipment mainte-
nance and replacement (in descending order of cost
savings). These recommendations represented about
$400 million (nominal) in cost savings to industry.
Actual implementation of EADC's recommenda-
tions yielded savings of 50 trillion Btu’s of energy
and $247 million (nominal) over the 12-year period.
The program has had a cumulative cost to the
Federal Government of $11.25 million through 1989
(25).

The success of programs such as EADC depends
largely on the quality of work being performed; to
expand the program would require a significant
increase in the number of knowledgeable profes-
sionals involved. To the extent that increases are
possible, the success of EADC seems to make an
attempt worthwhile.

Research and Development

Research and development sponsored by OIP in
waste energy reduction and industrial process effi-
ciency is projected to save more than 3 quads of
energy per year by the year 2000, based on continued
funding of $30 million per year (1 1). Other federally
sponsored research, such as that done at Oak Ridge
National Laboratory (ORNL), will also contribute to
improved energy technologies. Particularly promis-
ing research areas identified by ORNL are: im-
proved use of catalysts in chemica production,
intelligent sensors and controls, heat recovery and
cogeneration, and separation techniques (29). Re-
search and development in nonenergy areas, such as
materials science, also holds promise for partial
replacement of energy-intensive materials like steel
and aluminum. Likewise, research and development
into the quality of recycled goods could help reduce
energy use by increasing demand for recycled
materials such as paper, steel, and aluminum (32a).
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Chapter 7
The Forestry Sector

OVERVIEW AND SUMMARY

Humans have long altered forests and, in the
process, affected the flow of greenhouse gases—
particularly carbon dioxide (CO,)--between forest
lands and the atmosphere. In recent decades, the net
flow to the atmosphere appears to have accelerated.
Opportunities exist to moderate this trend through
practices such as increasing forest productivity and
tree planting in the United States, and agroforestry,
better timber harvest management, use of nontimber
forest products, and reforestation in the tropics. Most
of these also will provide other benefits such as
protection of watersheds, riparian habitats, and
biodiversity; provision of food; reduced soil erosion;
and stability in nutrient and hydrologic cycles.

Most current forest-related emissions come from
tropical forests. These forests, located almost exclu-
sively in developing countries, are being deforested
and degraded on a widespread, unprecedented scale.’
Estimates indicate that tropical deforestation ac-
counts for 7 to as much as 31 percent of worldwide
CO,emissions from all sources (see figure 7-1).
Temperate-zone deforestation, mostly in industrial-
ized countries, contributes comparatively little CO,
emissions; however, temperate-zone forests under-
went massive alterations in the past.’

Since industrialized countries contribute the
vast mgjority of global CO,emissions through their
use of fossil fuels (see figure 7-1), halting tropical
deforestation will not stop the accumulation of
greenhouse gases in the atmosphere. Nor is refores-
tation feasible on a large enough scale to totally
offset CO,emissions from fossil fuel use.’To reduce
greenhouse gas emissions, industrialized countries
must first reduce fossil fuel use in their building,
energy, manufacturing, and transportation sectors
(see chs. 3 through 6).

At the same time, temperate-zone forestry man-
agement practices might offset---+ver the short
term-some emissions from industrialized coun-
tries. Although difficult, this can be achieved by:

« increasing carbon storage in existing forests;

- growing tree crops on unforested land for use as
fuel; and

. planting and maintaining trees in urban areas
and marginal crop and pasturelands.

OTA estimates that forestry-related practices
in the United States might be able to offset about
2 percent of U.S. 1987 carbon emissions from
fossil fuel combustion in the year 2000 and 7.5
percent in 2015 (see figure 7-2), at an annualized
cost in 2015 of $10 to $13 billion per year (see app.
A for cost estimates). Congress could promote such
practices by enhancing or augmenting existing
forest management and tree planting programs of the
U.S. Forest Service and the Agricultural Stabiliza-
tion and Conservation Service, and by enhancing the
biomass energy research program of the Department
of Energy. Congress also could consider using
financial incentives (e.g., tax policies to make
investments in forest management more attractive;
tax on fossil fuels to make biomass fuels more
competitive).

There are several caveats to this potential for
offsetting emissions. Trees planted today can con-
tinue to store carbon beyond this report’s 25-year
timeframe. But this carbon eventually will be
released to the atmosphere, either when trees die and
decompose naturally, when they are harvested and
burned, or when products made from wood eventu-
ally decompose. But unless the wood is used to
displace fossil fuel or is permanently stored under
conditions that will not allow decomposition, the
carbon offsets in later years will dwindle. In
addition, current estimates of forestry-related offsets
assume that increasing the carbon storage rate in a

1+*Deforestation” means convertin, forest land to other vegetation or uses (e.g., pasture, cropland, dams). “Degradation” involves practices which
leave trees as the predominant vegetation but which degrade overall forest quality (e.g., soil erosion, damages to trees and streams from selective logging).

In thisreport, the term *‘temperate-zone forests' refers to temperate and boreal coniferous forests and temperate deciduous forests.
3For example, estimates of how much tree planting would be needed to offset global CO, emissions range from 500 to almost ! billion hectares of
new plantations exhibiting moderately high growth rates ( 1.55, 239, 240). The lower end of this range represents over 1.5 times the total area of U.S.

forest and more than 15 percent of the world’ s total closed forest area,

—01-
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Figure 7-1 —Estimates of Relative Carbon Emissions
From Fossil Fuel Use arid Tropical Deforestation,
1980 and 1989
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SOURCES: 1980 deforestation estimates from R.K. Detwiler and C.A.S.
Hall, “Tropical Forests and the Global Carbon Cycle,” Science
239:42-47,Jan 1, 1988; and from R.A. Houghton et al., “The
Flux of Carbon From Terrestrial Ecosystems to the Atmos-
phere in 1980 Dueto Changes in Land Use: Geographic
Distribution of the Globa! Flux,” Tellus 39B:122-139, 1987.
1989 deforestation esthetes from R.A. Houghton, “Emis-
sions of Greenhouse Gases,” Part 4 (pp. 53-62) in N. Myers,
Deforestation Rates in Tropical Forests and Their Climatic
Implications {London: Friends of the Earth Ltd., 1989); and
from N. Myers, Deforestation Rates in Tropical Forests and
Thelr Climatic Implications (London: Friends of the Earth Ltd.,
1989). 1980 and 1989 fossil fuel use from U.S. Department
of Energy, International Energy Annual, DOE/EIA-0219(88)
(Washington, DC: Energy Information Administration, Novem-
ber 1989) (using estimated 1988 emissions, the latest year for
which estimates are available, as a surrogate for 1989
emissions).

forest's commercial timber component will also
increase the total storage rate in the entire forest
ecosystem. Finally, forests-and the feasihility of
using forestry practices to offset emissions-are
likely to be affected by future climate changes.
Therefore, forestry options in industrialized coun-
tries cannot be considered a substitute for reduc-
ing total energy use or developing non-fossil fuel
alternatives, but rather as a way of “buying”
time while developing alternative sources and
improving the efficiency of their energy use in
general.

To reduce their current CO,emissions, develop-
ing countries need to stop tropical deforestation and
degradation, which occur as forests are converted to
temporary agriculture ('‘shifting” cultivation) and
permanent agriculture (including cattle ranching)
and as a result of poor timber harvesting practices.

Figure 7-2—Potential for Forestry Practices
To Offset U.S. Carbon Emissions,
Relative to 1987 Emissions Levels
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For comparison with the energy model (see app A), OTA
considers the Conservation Reserve Program to be a “moderate”
measure, primarily because it is already being implemented. The
other forestry measures are considered “tough” measures be-
cause they will require greater efforts and investments to be fully
achieved. These estimates all depend on assumptions discussed
in the text.

SOURCE: Office of Technology Assessment (from table 7-1).

However, these activities are driven by underlying
social, economic, and political factors—poverty and
lack of land tenure for most people, national
development policies, and foreign debts—that are
exacerbated by rapid population growth (337).
Emissions from fossil fuel use are relatively less
important now but are likely to increase significantly
as these countries develop (ch. 9).

The primary needs in devel oping countries, then,
are to remove incentives for deforestation; provide
for population planning, land reform, and debt
reduction; and provide aternative livelihoods for
millions of shifting cultivators and thousands of
rural communities. The suitability of alternatives
such as agroforestry and ‘‘sustainable’ agriculture,
improved forest management, increased use of
nontimber forest products, and reforestation de-
pends on site-specific conditions and, in most cases,
giving local people a vested interest in seeing them
implemented.

The United States can ensure that its foreign aid
assistance programs (primarily of the U.S. Agency
for International Development), and those of multi-
lateral lending and international assistance organiza-
tions (e.g., World Bank, U.N. Food and Agriculture
Organization), address developing country social
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Box 7-A—What Happens to Carbon in a Forest?

During the day, plants take carbon dioxide (CO,) from the atmosphere and convert it into organic compounds
such as carbohydrates by using solar energy and water (i.e., photosynthesis). Plants emit CO,during respiration,
when they use the energy stored in these compounds. The balance favors the net accumulation of carbon in trees,
shrubs, herbs, and roots. Much of the carbon in forests, however, is “hidden’ '-almost 60 percent on average in
U.S. forestsis stored below ground in organic matter (including roots) and organisms in the soil (18, 19).

The rate of carbon storage in an ecosystem is known as “net growth’ or “net productivity. " Y oung, vigorous
forest stands tend to exhibit the greatest net growth rates. The total carbon stored at any time is greatest in older,
mature forests, even though they have a net growth rate near or sometimes less than zero (156, 288).

Unmanaged forests normally change over time as individual trees die and as new species move in during
succession (178). When trees die and decompose, they emit CO,(although generally over alonger period and at
a dower rate than if harvested). The rate at which changes occur is determined by factors such as competition with
other plants for light, nutrients, and water, as well as by pest outbreaks and fire.

When forests are cut, the effect on atmospheric CO,depends on how much carbon was stored (i.e., total
biomass), what happens to the cut wood, and how the lands are managed. If the time scale is long enough and the
land is used for a series of harvests, then the flux of carbon can be cyclic.

When cut wood is left on a site, microorganisms (e.g., fungi, bacteria) “decompose” it, along with leaf and
branch litter. Through their metabolic activities, microorganisms convert carbon in the wood into CO,and other
compounds such as methane that are emitted to the atmosphere. Decomposition rates depend on factors such as
oxygen availability, temperature, and moisture.

If wood is burned, CO,, methane, nitrous oxide, particulate matter, and other chemicals are emitted. In some
cases, though, using wood as a fuel can replace the use of fossil fuels; over one-half of the wood removed from U.S.
forests in the early 1980s was burned for energy, either by the forest products industry or in households (274). The
net effect on CO,depends on combustion efficiency, whether fossil fuel use is actually replaced, and the rate of
carbon storage in vegetation that replaces the harvested wood.

When wood is converted into products, some carbon is stored until the products begin to decompose.
Relatively durable products such as construction lumber can retain carbon for decades or centuries; about one-fourth
of U.S. stemwood harvested during the last 35 years has been converted to such products (241). Relatively
short-lived products such as paper may decompose and release CO,or methane after being discarded, depending
on conditions at the discard site; recent research, though, indicates that decomposition of organic materials in
landfills proceeds slowly (209, 281, 327).

After harvesting, CO,is again taken in by new vegetation growing on the site, assuming the land is not
converted to a highway, reservoir, or other nonvegetative state. The net effect in offsetting CO,emissions from the
harvesting depends on the type of vegetation (e.g., crops, pasture, or trees), the rate at which it stores carbon, the
rate at which carbon reaccumulates in the soil, availability of nutrients, and how long the vegetation grows before
being harvested again.

and economic needs and promote alternative land-
use practices. The United States also could work to
make the Tropical Forestry Action Plan and the
international Tropical Timber Organization more
effective vehicles for promoting forest conservation
and improved commercial forest management. In
addition, the United States could support a global
forestry conservation protocol, as recommended by
the intergovernmental Panel on Climate Change
(114, 1 144).

SETTING THE STAGE: FOREST
AREA AND EMISSIONS

Carbon is stored in forests as they grow and is
released when vegetation is removed or disturbed
(see box 7-A). The net globa flux of carbon from
forests to the atmosphere has not been measured
directly, but it has been estimated using data on
changes in forest cover and on the amount of carbon
held in vegetation and soils (105).

40Other gases besides CO, are emitted when forests are cleared or burned. Fires, for example, release methane, carbon monoxide, nitric and nitrous
oxide, methyl chloride, and other compounds, as well as particulate matter (7, 8, 44a, 48, 124, 126, 137, 145, 206, 219).
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Temperate-Zone Forests

Temperate-zone forests (i.e., boreal and temperate
conifer forests, and temperate deciduous forests)
cover about 2.2 billion hectares, or 8.5 million
square miles (338). They are the source of most
wood and paper products used by industrialized
nations. About 42 percent areinthe U. S. S. R., 20
percent in Canada, and 14 percent in the United
States.

Changes in Forest Cover

Current changes in temperate-zone forest cover
are small. Large-scale deforestation occurred mostly
in the past (e.g., 50 to 200 years ago in North
Americaand up to 5,000 years ago in the Far East).
During this century, forest cover has increased in
many areas of North America and Europe (9, 288)
through natural regeneration and planting of trees in
areas that have lacked forests for centuries, although
it has decreased recently in the United States.

Nevertheless, changes do occur. For example,
wooded areas near many U.S. cities are undergoing
rapid conversion for real estate development, which
often exacerbates runoff into nearby freshwater and
marine habitats (277). The U.S. Forest Service (299)
estimated that U.S. forest land declined by almost
6.6 percent (21 million hectares) from 1953 to 1987
and will decline another 2.2 percent (7 million
hectares) by 2010, mainly through conversion to
reservoirs, urban developments, highways, airports,
and surface mines. Losses in forest cover and
composition also are possible from airborne pollut-
ants (80, 178, 276, 280).

Carbon Emissions

The magnitude of carbon reservoirs and emissions
in the Northern Hemisphere are Uncertain.”Pub-
lished estimates suggest that CO,emissions from

temperate-zone deforestation are relatively low,
around 25 to 130 million metric tons per year;
emissions are thought to be greatest from China and
the U. S. SR, less significant from the United States
and Canada (103, 107, 161).

Extensive burning (from natural and human
causes) of forests and other biomass occurs in
temperate latitudes, but the magnitude of associated
emissions is Uncertain."While the amount burned in
both the United States and Canada generally de-
clined from the 1920s through the 1970s, this trend
reversed during the 1980s and increased to a
post-war high.'Large fires also affected other
temperate areas, including over 1 million hectares of
boreal forest in China and over 4 million hectares in
the U.S.S.R. in 1987 (34, 81, 138, 229, 256). Fires
also affect albedo (the Earth’s reflectivity) and thus
can have feedback effects on local climate. Crutzen
and Andreae (444) estimated that biomass burning in
the temperate and boreal zone releases 150 to 300
million metric tons C yearly.

Tropical Forests

Changes in Forest Cover

Tropical forests cover about 2.1 billion hectares.’
Almost all are located in developing countries,
where they make up two-thirds of woody vegeta-
tion."They are home to some of the last hunter-
gatherer tribes, harbor at least half of the world's
organisms, and are the source of many products
(e.g., wood, medicines, fibers, fruits, nuts) (275).

SFor example, one analysis (23, 24) concluded that previous estimates of carbon content in boreal forests are t00 high. Another (257), though, suggests
that the Northern Hemisphere may be a larger terrestrial carbon sink than previously thought; whether this would involve boreal forests or other

ecosystems such as tundra is unknown.

80ther catastrophic incidents also affect forests. In 1989, for example, Hurricane Hugo darnaged at least 1 million hectares of forest in North and

south Carolina (33, 199).

7In the United States, over 1 million hectares burned year| from 1985 to 1989, including over 2 million hectares in 1988 (205). However, fires

consumed over 10 million hectares annually during 16 years from 1926 to 1943 (287, 297). In Canada, over 24 million hectares burned during the 1980s,
including over 6 million in 1989, more than repotted in any other decade (55, 56, 189, 313). These estimates, however, also include some fires on

nonforest lands (e.g., grasslands, marshlands).

8They occur in many forms, under moisture conditions that range from wet (Amazonian “‘rain’ forest) to seasonally moist (Asian monsoon forest)

to dry (Sahelian open savanna).

9The United States has jurisdiction over about 0.5 percent of tropical forests, mostly in Puerto Rico, the Virgin Islands, Hawaii, American Samoa,
and Micronesia (275, 278). Other developed countries, such as France, also have small areas of tropical forest under their jurisdiction.
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Photo credit NASA/Courtesy Earth Resources Laboratory,
John C. Stennis Space Center, Mississippi

This Landsat image shows an area in southern Mexico
where a large rural population has converted most tropical
forest there into agricultural fields. In the adjacent
area in Guatemala, the rural population is sparse and
the forest is still mostly intact.

Deforestation of tropical forests (including fa.l-
10W) is occurring at an unprecedented rate.” Aside
from carbon emissions, other effects of deforestation
and degradation-soil erosion, increased down-
stream flooding, desertification, decreased bio-
diversity, and effects on local microclimates-are
€normous.

The overall rate of deforestation appears to
have increased in the last decade. As of 1980, the
Food and Agriculture Organization (FAO) estimated
that 11.3 million hectares of closed and open forests
were being cleared annually (70)." For 1989,
however, a preliminary report from FAO's 1990
Forest Resources Assessment estimates that defor-
estation rates have increased by over 50 percent, to
around 17.1 million hectares (or 1.2 percent of
tropical forests) per year (76, 77, 264).”

Carbon Emissions

The level of carbon emissions from tropical
deforestation is uncertain. Estimates for 1980 range
from 0.4 to 2.5 billion metric tons C per year (50,51,
103, 105, 106, 107, 108). Since these estimates do
not include degradation of forests, and deforestation
rates appear to be greater now, current emissions
might be higher, Indeed, Houghton (104, 105)
estimated that emissions in 1989 were between 2.0
and 2.8 hillion metric tons, roughly 25 to 31 percent
of al carbon emissions (see figure 7-1).13

MANAGEMENT PRACTICES IN
U.S. FORESTS

Forestry-related management practices can store
carbon and/or offset some CO,emissions in temperate-
zone areas. For the United States, OTA estimates
that by 2015 a combination of practices might offset
approximately 7.5 percent of current (i.e., 1987)
U.S. CO,emissions from fossil fuel use (see table
7-1). Some observers contend that higher rates are
possible for individual practices (e.g., 230, 343).
Regardless, the practices also could provide other
benefits, many of which are goals of existing U.S.
legislation-e. g., reduced soil erosion, improved
water quality, and increased biodiversity, aesthetic
gualities, and recreational opportunities.

10The term * ‘fallow’* or « ‘secondary ' refers to forests cleared for agriculture but now in the process of regenerating.

11While this estimate has been debated or modified by others (25, 27, 50, 51, 70, 75, 107, 108, 155, 162, 172, 174, 288). it is based on the largest and
most systematic database available. No estimates exist regarding overall rates of forest degradation, but it isimportant in many areas, for example in

South and Southeast Asia (26).

12The annual rate of deforestation as of 1989 was ap estimated | 7 percent in Africa, 1.4 percent in Asia, and 0.9 percent in Latin America (where
over 60 percent of global deforestation was occurring). Myers (174) estimated that deforestation in 1989 was 90 percent higher than a decade earlier,

athough this has not been confirmed (1 14).

13These estimates 90 not necessarily account for the fact that disturbed or degraded soils and vegetation can still slowly sequester carbon over time
(28, 15 G), nor that deforested lands aso typically support vegetation (e.g., grassland, annual crops).



Table 7-1—U.S. Forest Management: Potential Carbon Storage/Savings and Percent Offset of 1987 Carbon Emissions
From U.S. Fossil Fuel Use, for 2000 and 2015

Million Percent of 1987 Million Percent of 1987
metric tons C carbon offset metric tons C carbon offset Examples of
Management practice Assumptions * in 2000° in 2000° in 2015b in 2015C other benefits
Moderate measures?
Conservation Reserve Total enroliment 2.3 million ha 1995, 2.3 0.2% 2.3 0.2% Soiland watershed
Program (CRP) growth rate of 1 metric ton C/ha protection
Tough measures!
Increase productivity Programs begin 1995. Nonindustry: 10 0.80/0 40 3.10/0 Increased timber revenues
37 million ha, additional storage
0.5 metric tons C/halyr. Timber
industry: 20 million ha, storage
increment 1 metric ton C/halyr.
General afforestation Programs begin 1995. Total 30 million ha, 75 0.6% 30 2.30/0 Biodiversity, soil, and
(excluding CRP) storage increment 1 metric ton watershed protection
Clhalyr
Biomass energy crops Program begins 1995. 0.5 million ha 4 0.3% 15 1.2% Less dependence on other
planted/year, storage increment energy sources
3 metric tons Cl/halyr
Urban trees Program begins 1995.100 million trees/ ! 0.1% 9 0.7% Less heat island effect,
yr, no savings from shading until 2005 aesthetics
Total 2.0% 7.5%

aSee text for greater detail; in general, assumptions do not directly reflect economic feasibilit
bAocouming for gradual implementation over a 25-year period; i.e;, some planting and grow

¢Percent of estimated 1.3 billion metric tons C from fossil fuel use. Individual percentage offsets not additive. . . . . .
dFor comparison with the energy model (see app. A), OTA considers the Conservation Reserve Program to be a “moderate” measure, primarily because it is already being implemented. The other,

“tough” measures will require greater efforts and investments to be fully achieved.
SOURCE: Office of Technology Assessment, 1991.

E/h' or other management occurs in year 1,but some does not occur until year 25.
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Photo credit: Forest Service/USDA photo

Douglas-fir is the most abundant and important commercial
timber tree in the West. It is found in the Rocky Mountains
(as shown here on a steep slope in Colorado), Pacific
Northwest, and Pacific Southwest. Douglas-fir forests on
the Pacific slope in the Northwest are among the most
productive softwood forests in the United States.

Managing Existing Forest Land and Products
Increasing Productivity

In principle, forests can be managed to increase
the rate at which they store carbon (i.e., increase
productivity). Most people are concerned with
increasing the productivity of the *‘‘industrial’
portion (i.e., excluding branches, leaves, litter, etc.)
of commercially available timber, because invest-
ments in such management offer a chance for
increased economic returns (as opposed to trying to
increase productivity in wilderness areas and parks).
Whether increasing the rate of carbon storage in
commercial timber means that the rate of total
carbon storage in the entire forest ecosystem also
increases, however, is a critical, generally un-

tested, assumption. The discussion here assumes
that total carbon storage also increases, but this
requires testing.

‘““Conventional’ management often is used to
enhance productivity of commercial species. For
example, ‘‘thinning’ involves removing some young
trees or temporarily suppressing other vegetation to
lessen competition (for water, light, and nutrients)
and to adjust the number of trees per hectare.
“Stocking' refers to obtaining the desired number
of trees, by thinning or additional planting, Growth
rates for the commercial portion of existing U.S.
forests are estimated to be 60 percent on average of
their fully stocked potential (155).

More ‘‘intensive management might increase
growth rates for the commercial portion beyond this
potential, at least for short periods (60, 156, 239,
274). This includes site preparation (e.g., minor
drainage, fertilization), genetic selection of superior
strains, improved nursery practices, and protection
from fire, insects, and disease. In one study, drain-
age, fertilization, and genetic selection resulted in
two- to four-fold increases in Douglas fir and
loblolly pine growth rates (60). Similar results have
been obtained with sycamore, eucalyptus, and other
pines (156, 177).

Intensive management is generally more suitable
for newly planted forests than for existing forests. Its
long-term feasibility is uncertain, however, partly
because research on this practice only began intensi-
fying in the late 1970s. High growth rates have been
attained only for young individuals of selected
species and have not yet been sustained over
extended periods (155); again, whether total produc-
tivity of affected areas increases is unclear. In-
creased use of fertilizers and herbicides could have
other environmental effects (e.g., N,O emissions
and groundwater contamination from fertilizer ap-
plication, CO,emissions from fertilizer manufactur-
ing), and preferences for monoculture would reduce
biological diversity. “Research is needed on how
repeated harvesting of intensively managed forests
would affect soil structure and erosion, wood y
debris, nutrient availability, and below-ground car-
bon storage (over one-half on average of the carbon

140ne study in red pine and oak/maple forests in Massachusetts concluded that fertilization also reduced methane consumption by soil microorganisms
by about one-third compared to control plots (255) (bacteria in forest soils produce and consume methane; methane-producing bacteria live in deeper
and wetter portions of soil where oxygen is absent, while methane-eonsuming bacteria live in surface layers of soil where oxygen is present). How this
might affect atmospheric concentrations of methane is unknown, The potential significance of this effect deserves more research.
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Box 7-B—Productivity and Ownership of U.S. Forests

U.S. forests cover about 295 million hectares, or 32 percent of total land area, roughly one-quarter less than
in colonia times (155,299). Overall forest area declined by about 6.6 percent (or 21 million hectares) between 1953
and 1987. However, commercial timber volume has increased, at least during the last two decades. From 1970 to
1987, overall area declined by 3.5 percent but commercia volume increased by an estimated 4 percent (299, 300).
Forest area is expected to decline by an additional 2.2 percent from 1987 to 2010 (about 0.3 million hectares per
year), due to construction of reservoirs, highways, and airports; urban development; surface mining; and other
activities (300).

Timberland Ownership--Two-thirds of al U.S. forests are considered timberland--i.e., producing or capable
of producing industrial wood (which does not include roots, bark, branches, and leaves) at a rate of 20 cubic feet
or more per acre (or 1.4 cubic meters per hectare) per year (300). Some timberland is in parks and wilderness areas
and thus is protected from harvest (14 million hectares), but most is commercially available (1% million hectares).
Almost three-fourths of commercial timberland is in the East.

Of commercial timberland, governments own only 28 percent, including 18 percent in National Forests (see
figure 7-3) and 5 percent in State forests; the Federal portion is mostly in the West. Most commercial timberland
is owned by the timber industry, farmers, and other private entities. Over one-half of timber industry holdings are
in the South. Nonindustry landowners number in the millions, and their holdings often are small; most
farmer-owned timberland is east of the Mississippi River (300).

Timberland Productivity-Xn ecological terms, productivity is the rate at which solar energy is converted
during photosynthesis into living biomass. For timberland productivity, the U.S. Forest Service uses a more
restricted measure-the amount of industrial wood that can be grown per year in fully stocked natural stands (300).
It estimates that the overall average for U.S. timberland is around 3.2 cubic meters of woody biomass per hectare
per year.

About one-third of U.S. timberland (i.e., less than one-fourth of all U.S. forests) exhibits average productivity
rates of over 5.6 cubic meters per hectare per year. The timberlands with the very highest rates are primarily in the
South and West: 1) pine, oak, hickory, and cypress in the Southeast and Mississippi River delta; 2) Douglas fir,
hemlock-spruce, and red alder in the Northwest; and 3) redwood, spruce-fir, western hardwood, and ponderosa pine
in California (299, 300). High productivity timberland also occurs in the oak-hickory, maple-beech-birch, and
aspen-hirch forests of the North.

Two-thirds of timberlands exhibit only moderate or low productivity, but their abundance makes them
commercially important; national forests tend to be located in these areas. Other forests that are not considered
timberland can be harvested, but generally not for industrial wood (300). Two areas account for almost three-fifths
of this “nontimberland”—the spruce-fir forests of interior Alaska and the pinyon-juniper forests of the Rockies.

in U.S. forests is below ground) (44, 60, 93, 253,
295).

Use of these techniques will vary with land
ownership and forest size. Private nontimber indus-
try owners, generally with smaller holdings, seem
likely to use less intensive techniques, while timber
industry landowners seem likely to use a combina-
tion of techniques. Together, implementing these
practices on private lands might increase carbon
storage by 10 million metric tons per year in 2000
(0.8 percent of U.S. CO,emissions) and by 40
million metric tons per year in 2015 (3.1 percent of
U.S. CO,emissions) (seetable 7-1), at an annualized
cost in 2015 of around $150 to $200 per ton C (based

on datain app. A). Intensive management on public
lands seems-less likely because it would involve
government expenditures at atime when budgetsin
general are being reduced, some expenditures on
public lands are being criticized (e.g., roads for
below-cost timber sales), and resources for mainte-
nance are not always sufficient.

Nontimber Industry-About 112 million hec-
tares (57 percent) of U.S. commercia timberland
consists of relatively small parcels held by private
nontimber-industry owners, including farmers (see
box 7-B and figure 7-3). Full stocking on these lands
might increase growth rates for commercially valua-
ble wood by an average of about 0.5 metric ton C per
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Figure 7-3--Commercial Status of All U.S. Forests (by hectares) and Distribution of
Timberland Ownership in 1987

Other Federal 2%
Other govt. 8%
Timber Industry 15%

Non-
t timberland Forest service 18%
Timberland
86 I 196 Farmers 20%
Other private 37%
Reserved

1 Timberland --

ownership
(percent)

All forests --
commercial status
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Two-thirds of all U.S. forests are considered timberland (i.e., forest producing or capable of producing “industrial” wood at a rate of 1.4 cubic
meters or more per hectare per year). Most of this is commercially available for harvesting, but some is in parks and wilderness areas and
is “reserved” from commercial harvest. Of commercially available timberland, the private sector owns 72 percent and the public sector owns
28 percent. (“Other govt.” refers to Bureau of Land Management, Native American, and State and local government lands.) The remaining
one-third of U.S. forests is considered nontimberland.

SOURCE: U.S. Forest Service, An Analysis of the Land Situation in the United States: 1989-2040, A Technical Document Supporting the 1989 RPA

Assessment, General Technical Report RM-181 (Fort Collins, CO: U.S. Department of Agriculture, 1989); U.S. Forest Service An Analysis of the
Timber Situation in the United States: 1989-2040, Part/: The Current Resource and Use Situation, Draft (Washington, DC: U.S. Department of

Agriculture, 1989).

hectare per year. 15 If aprogram encouraging the ‘se

of additional management techniques on one-third
of nonindustry timberland (i.e., 37 million hectares)
began in 1995 and was carried through 2015, then
additional carbon storage could amount to about
4.6 million metric tons in 2000 and 20 million metric
tons in 2015.*However, this does not account for
carbon emissions from the removed vegetation,
some of which may be burned onsite or left to
decompose.

Timber Industry-The timber industry owns 29
million hectares (15 percent) of commercial timber-
land (see figure 7-3). This land should be amenable
to intensive management because it often is on more
productive sites and because large holdings should

provide economies of scale for such management.
Intensive management on a large scale, though, will
require that planting, site preparation, maintenance,
and other practices be conducted on an unprece-
dented scale. Since some research indicates that
large increases in timber growth rates are possible in
some circumstances (see above), OTA assumes that
the average productivity of affected systems might
double, i.e., increase by, an average of 1 metric ton
C per hectare per year. If a program to encourage
intensive management on two-thirds of industry
timberlands (i.e., 20 million hectares) began in 1995
and was fully realized by 2015, then additional
carbon storage could amount to 5 million metric tons
in 2000 and 20 million metric tons in 2015.”

15Marland(155) estimated, based on 1977 data, that the average carbon storage rate for all U.S. timberland was 0.82 metric ton C per hectare per year,

and that the potential average rate for fully stocked forests was an additional 0.53 metric ton C per hectare per year. Average growth rates have not
changed significantly since then, and the average growth rate in 1986 for nontimber industry private lands was essentially the same as the average rate
for al U.S. timberland (300).

16A program Of such magnitude seems reasonable, since about 2 percent of the volume of commercial timber on nonindustry lands is harvested annually
(based on data in ref. 300).

17Higher growth rates occur under experimental conditions; e.g., the average total growth rate of genetically improved loblolly Pine on one ‘jgh
productivity site was 3 metric tom C/hafyr over a 35-year period (based on data inrefs. 18, 19). OTA assumes that average increases might be 1 metric
ton C/ha/yr because of questions about maintaining high growth rates over long periods, and because the net effect depends on the extent of CO,
emissions from harvesting and the disposition of harvested wood (box 7-A).

18 A program of such magnitude seems reasonable, since about 5 percent of the volume of commercial timber on timber industry lands is harvested
annually (based on datain ref. 300).
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Bringing 1 million hectares yearly under intensive
management would require dedicating all current
replanting efforts to such management (since plant-
ing seedlings or young trees on prepared sites
usually isrequired). Most forest regeneration in the
United States occurs naturally, but about 1.22
million hectares were intentionally planted in fiscal
year 1989, compared with 1.37 million hectares in
fiscal year 1988 and 1.23 million hectares in fiscal
year 1987 (301, 302, 303).”In general, 80 percent
of the planting has been in the South and 85 percent
has been on private land (see figure 7-4).

“New Forestry” Practices—Planners also need
to consider how forests might be affected by future
climate changes, however uncertain these changes
might be (see box 7-Din ‘‘Policy Options’ below).
For example. monoculture may be more susceptible
to damage from increased pest outbreaks than are
natural forests with a mosaic of species and ages,
although some pests require a mixture of age classes
(220, 236, 237, 246, 275). Some evidence suggests
that harvesting practices that fragment Douglas fir
forests into smaller parcels can increase pest prob-
lems (200). Caution is needed, though, in making
generalizations (200, 237). For example, virulent
diseases such as chestnut blight and insects such as
gypsy moths have devastated natural, heterogeneous
forests.

Some ecologists suggest that making commercial
timberland more adaptable to future climate changes,
preserving biological diversity, and allowing timber
commodity production will require ‘‘new forestry’
management based on harvest patterns that maintain
the characteristics of old-growth forest ecosystems
(79, 83, 200, 236). For forests under multiple-use
management, for example, this would entail leaving
standing dead trees, fallen logs, and other woody
debris™; developing stands of mixed composition
and structure; using harvesting patterns that do not
fragment forests into numerous small parcels; and
using harvesting and reforestation methods that do
not greatly disturb the soil. This approach has been
tried on a small scale in the Pacific Northwest; more

Figure 7-4-Reforestation of U.S. Timberlands
by Ownership Category, Fiscal Year 1989

State and other government
3% Federal Government

12%

Private nonindustry

43% Private industry
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SOURCE: U.S. Forest Service, Report of the Forest Service, Fiscal Year
1989 (Washington, DC: U.S. Department of Agriculture, Febru-
ary 1 990).

research is needed to determine whether its timber
production and resource conservation goals can be
meshed successfully in different situations.

Restrictions on Commercial Harvests-One un-
resolved issue is whether it is better to harvest
forests, sequester some of the carbon in products,
and replant the harvested area, or to leave forests
alone over the short term. Restricting commercial
harvesting to avoid releasing CO,has been sug-
gested. However, demand for wood and paper prod-
ucts will continue to be high-so if harvesting is
restricted on a large scale, wood will have to come
from elsewhere and be used more efficiently, or
energy will have to be used to extract other materials
and manufacture substitutes for wood products.
Moreover, even unharvested forests change over
time and can emit CO,(see box 7-A).* An
alternative to large restrictions in general could be to
assess the feasibility of ‘‘new forestry’ practices
(see above) that might allow some accommodation
between timber production and natural resource
conservation goals.

19These reforestation rates refer to the number of hectares planted, not the number of surviving trees. The 1988 plantings involved nursery production

of 2.3 hillion seedlings (over one-haf from private nurseries).

20 Although this could increase fire risks, 0 increase CO, emissions from subsequent decomposition, compared, for example, with burning the WOOd

in place of fossil fuels.

21Qver the long term, harvesting the wood and permanently sequestering it or using it on a sustainable basis to replace fossil fuels could provide bigger

reductions in carbon emissions.
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Another possibility is smaller scale restrictions.
For example, restricting the harvesting of “old-
growth” forests can be justfiled for a variety of
reasons, including the opportunity for the United
States to demonstrate leadership in global effortsto
preserve biodiversity and halt deforestation of virgin
forests. Its effect on carbon emissions, however,
would probably be relatively small (see box 7-C).

Increasing End-Use Efficiency and Recycling—
Other practices involve increasing end-use effi-
ciency and conservation in the forest products
industry and its products (similar to increasing
efficiency in other sectors; see chs. 3 through 6).
OTA (274) discussed how the forest products
industry could use wood more efficiently to make
products and how end-use efficiencies of wood
products could be increased (e.g., improving build-
ing construction designs, using efficient fuelwood
burners).

Recycling of paper and paperboard products (e.g.,
newsprint, printing and packaging paper, cardboard)
has received great attention because of municipal
solid waste problems (281). Recycling these prod-
ucts can reduce the use of both virgin fibers and
energy in making some new paper products, and
help divert some municipal solid waste away from
landfills (91, 281, 296). If other demands for wood
fibers remain constant, then some trees might be left
unharvested because of recycling efforts; they would
continue to store carbon for some time.

Whether recycling offsets carbon emissions, how-
ever, depends on what happens to paper in landfills.
Some research suggests that landfilled paper may
not decompose into either CO,or methane for
decades (see box 7-A). If true, then sequestering
paper in landfills might be better than recycling in
terms of avoiding greenhouse gas emissions, at least
in the short-term. However, since methane is a
potent greenhouse gas (see ch. 2), then recycling
might be preferred if landfilled paper does contribute
to methane emissions. But whether the methane
emitted from landfills is derived from paper or from
yard and food wastes is unknown. Regardless,
methane from landfills can be collected and used as
an energy source (see box 3-A in ch. 3), and

recycling itself involves emissions of CO,from
transporting and processing recovered paper.

New Forests and Trees

General Afforestation and Conservation
Reserve Program

Afforestation—planting trees on land that has
never supported forests or whe