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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’ 1 through activities such as burning fossil
fuels (coal, oil, 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 halons—
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;2 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 States is
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 l-la). U.S.
C O2 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’sCFC-11 and CFC-12, the two
most damaging chlorofluorocarbons in terms of
global warming. Roughly 60 to 70 percent of these
CFCs are 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 CO2 accounts for

2De  ~tmosphmc ]jfcllmc of C02 js 50 tO XXI  years;  N20, about 150 years; CFCS and Mom, from 60 to ~ Y~s;  and CJ34S 10 Y-s cm
replacements allowed under the Montreal Protocol for the next several decades have  lifetimes of less than 40 years,

t~e us, Dcp~m~n(  of Ene,r~  (DOE) found tit of an I ~-percent reduction in residential ener~  use between 1972 and 1 g~”$, one-third w~ due
to behav iord changes (53).

–3-
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Box l-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 ecological effects of global warming.
Rather, most of OTA’s resources have been devoted to analyzing technical options to decrease CO2, 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
technical options can ameliorate increases in CO2 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 special 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 CO2 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 already emitted to the atmosphere.

The assessment lays out three paths: a Base case (“business as usual”), a Moderate (essentially “no-cost”)
case, and a Tough case. Only the last fulfills the congressional request and reduces future C02 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 politically 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 CO2 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. C02 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 pivotal to
bringing non-C02 (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 a fossil-fuel age to a nonfossil future.

The warming commitment or ‘‘radiative forcing’ tons of carbon in 1988) as to swamp the higher
caused by the different greenhouse gases is not radiative forcings per unit of the other gases (24).
equal. It depends on the absorbing characteristics, Still, CFCs are responsible for 24 percent of the
concentration in the atmosphere, and the lifetime of current commitment to global warming; CH4 is
each gas. Although the other gases are more potent responsible for 15 percent and N2O for 6 percent (see
on a per molecule basis, currently CO2 accounts for figure l-lb).

an estimated 55 percent of the commitment to global Recently, public interest and concern over global
warming. This is largely due to the fact that so much changes intensified with the discovery of the annual
CO2 has been emitted worldwide (6 billion metric ozone hole over Antarctica, thinning ozone over the
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Figure l-l—Greenhouse Gas Emissions in 1985, by Region, and the Contribution of Each Greenhouse Gas
to Global Warming in the 1980s
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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 C02 from deforestation and fossil fuel use. Estimates for COZ emissions from deforestation range from less than
10 to about 30 percent of total COZ.  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 C/irnate Change, Summary and Report, World Meteorological Organization/U.N. Environment Program (Cambridge, MA:
C a m b r i d g e  Unlverslty  P r e s s ,  1~90).  -

Arctic, the severe drought of 1988, and recent
abnormal weather patterns in Europe. International
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 CO2 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. C02

emissions would represent a 3-percent decline in
current worldwide emissions of CO2 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 CO2 emissions 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 CO2

emissions below present levels over the next 25
years. For comparison, if no actions are taken,
emissions of CO2 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
CO2 probably will rise about 15 percent over the
next 25 years. This policy package is labeled OTA’s
“Moderate’ scenario.

OTA also 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



6 ● Changing by Degrees: Steps To Reduce Greenhouse Gases

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, although 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.

In the OTA analysis of’ energy-related activities,
only those technical options that would result in CO2

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;3 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.

Figure 1-2-Summary of OTA’s Analysis of Carbon
Emissions With and Without “Moderate” and

“Tough” Controls

~ 2.0 1 50%
2
ao 125% $
~ 1.5 CD3
2 1 00% ;al% .
\
g 1.0 7 5 %  go -4
v.-L 5 0 %  :.
g 0.5 La
c 2 5 %  :“o.-
Z 0.0 0%

1987 2015 2015 2015
Base Base Moderate Tough

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 change5 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,
especially 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, Federal R&D funding for renew-
able technology plummeted 90 percent (in constant
dollars), from $1.3 billion in 1980 to $0.14 billion in

s~c u s Dcp~ment  of &erU (DOE) fomd  UMt of an lg.per~cn[  reduction in residential energy use between 1972 and 1984, one-~fid  was due. .
to behavioral changes (53).

4U s COZ emlsslom were 4,7 billion ~e~c tom~ For the Pqoses  of ~s report, all ernjsslo~  are Show as W+@t of carbon. TO convert to C02. .
equivalent, multiply the weight of carbon by 3.67.

51 e dmlines ~ ener=- intens ive indus~  and increases in the Sf3ViCf3 SNtOr.  For ffier dews see ref. ‘$7.. ,,
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Figure 1-3—U.S. Energy
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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 CO2 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 CO2 emissions by 2005, and that energy
demand in rapidly growing, developing countries
must increase, burgeoning markets for efficient and
lower CO2-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 ANALYSES AND
PROJECTIONS OF

C02 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 oil
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.7

6AS of January 1991, Austria, Australi& canad.~ Denmark, France, Germany, Italy, Japan, The Netherlands, New ~aland, Norway, sw~enl
United Kingdom, Some of these countries’ policies are still  subject to change.

TData  for 1989 energy consumption are from ref. 5’$.
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Figure 1-4-1987 U.S. CO2 Emissions by Sector

Buildings:

Water heat 9%
Lights 14%

Cooling 14%

Appliances 20% Industry:/ - . \

,/
Lease and plant 3%

Space heat 43% //;’- \
Feedstocks 6%

[

Buildings HVAC and light 6%
/:/ ‘

36%
\

Off-highway oil 7%

Process heat 19%
—’

(
Industry

32%

~anf3po</ )
\

Steam 27%
Transportation:

Nonoil-based 2%
Rail, marine 7% 1, 32% $,, ,/“1 Machine drive and

Aircraft 14% ‘ \ . – - - - - / . ’
electrolytic 32%

I I Heavy trucks 14%

Light trucks 20%

Automobiles 43%

NOTE: Total earbm emissions from all three sectors equaled about 1.3 billion metric tons in 1987. Emissions have
cxmtinued  to increase since then.

SOURCE: Office oi Technology Assessment, 1991.

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 l-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. Oil
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 (lbs C/mmBtu). Natural gas has the lowest
concentrations (32 lbs C/mmBtu) and petroleum is
intermediate (45 lbs C/mmBtu).

When the emissions from the generation of
electricity are allocated 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.8 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 CO2 emissions under a “business as usual”
scenari o--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 to[al C02 em]lssiom  coming from the buildings sector, one-third is ffom fossil  fuels (i.e., oil and gas) burned dtiectly  Witi
residential and commercial 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 C02 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, CO2 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

Figure 1-5-Carbon Emissions Under the
Base Case, Moderate, and Tough Scenarios
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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 tofa/ 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,9 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.

We believe that overaIl  savings are possible because, on balance, fuel savings (as-surning projected 2015 prices) will exceed annual capital and
operating costs.



Box l-B—The OTA C02 Emissions Reduction Model

OTA developed a simple energy accounting model to estimate the effectiveness of various technical options
for lowering CO2 emissions. The model is based on a larger system of energy and economic models used by the
Gas Research Institute (GRI) to forecast energy use through 2010 (23)1. 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 CO2 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 Model” (but
used GRI’s oil 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 all the energy use and C02 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, CO2 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.

1~ GRI modeling  system has as its core the U.S. Energy Model, developed by Data Resources, Inc. (DRI).  The model hlu*s  fow
submodels:  the industrial sector, ]widentid sector, commercial sector, and electric utilities. Economic p~jections,  which drive the Energy
ModeL come ftom the DRI Macrwxonomic  Model of the U.S. economy. Additional inputs are generated from the Industrial Sector Tmhnology
Use Model, developed by Energy and Environmental Analysis, Inc.; the GRI  Hydrocarbon Supply Model; and the RDI Coal Model, developed
by Resource Data International.

Many of the Tough scenario measures entail costs by 2015, after subtracting fuel savings (assuming
in excess of projected fuel savings; others are cost forecasted 2015 fuel prices).10 This range is equal to
effective over their lifetime but are difficult to savings of a few tenths of a percent to a cost up to 1.8
implement. A rough estimate of the cost range for percent of the Gross National Product (GNP) pro-
the Tough scenario is a savings of $20 billion to a jected for 2015. For comparison, all environmental
cost of about $150 billion per year (in 1987 dollars) compliance costs today are about 1.5 percent of

l~For  exmplc,  WC ass~e  that  oi] p-ices  by 2015 will bc about $50 per barrel.
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Table l-l—Measures To Lower U.S. Carbon Emissions
(expressed as percentage of 1987 total emissions)’

Reductions in 2015 Reductions in 2015

Moderate Tough Moderate Tough
(in percent) (in percent) (in percent) (in percent)

DEMAND-SIDE MEASURES

Residential buildings
New investments:

Shell efficiency . . . . . . . . . . . . . . . . . 1.3
Heating and cooling equipment . . . 0.1
Water heaters and appliances . . . . 1.2

O&M, retrofits:
Shell efficiency . . . . . . . . . . . . . . . . . 0.8
Lights . . . . . . . . . . . . . . . . . . . . . . . . 0.6

2.0
0.4 to 0.6
1.5 to 2.3

0.9
0.8

All residential measures together . . . . 4

Commercial buildings
New investments:

Shell efficiency . . . . . . . . . . . . . . . . . 2.3
Heating and cooling equipment . . . 1.0
Lights . . . . . . . . . . . . . . . . . . . . . . . . 2.1
Office equipment . . . . . . . . . . . . . . . 1.6
Water heaters and appliances . . . . 0.1
Cogeneration . . . . . . . . . . . . . . . . . . 0.2

O&M, retrofits:
Shell efficiency . . . . . . . . . . . . . . . . . 0.8
Lights . . . . . . . . . . . . . . . . . . . . . . . . 0.5

All commercial measures together . . .

Transportation
New investments:

New auto efficiency . . . . . . . . . . . . .
New light truck efficiency . . . . . . . . .
New heavy truck efficiency . . . . . . .
Non-highway efficiency . . . . . . . . . .

O&M, retrofits:
improved public transit . . . . . . . . . .
Truck inspection & maintenance . .
Traffic flow improvements/

55 mph speed limit. . . . . . . . . . . .
Rldesharing/parking controls . . . . .

All transportation measures
together . . . . . . . . . . . . . . . . . . . . .

5.6 to 6.6

4.0
1.2 to 1.9

3.0
2.1
0.1

1.5 to 2.3

0.8
0.5

8.5 13 to 15

0.8
0.5
0.4
0.5

0.2
0.3

1.2
0.4

3.5 to 3.8
2.5 to 2.7
2.4 to 2.4

1.2

3.5
0.4

1.4
1.0

4 14 to 15

Industry
New investments:

Efficient motors . . . . . . . . . . . . . . . . 1.2 3.7 to 4.0
Lighting . . . . . . . . . . . . . . . . . . . . . . 0.5 0.7 to 0.8
Process change, top 4

industries . . . . . . . . . . . . . . . . . . . 3.0 8.2
Fuel switch to gas . . . . . . . . . . . . . . 0.0 2.4 to 2.7
Cogeneration . . . . . . . . . . . . . . . . . . 0.8 5.2 to 5.8

O&M, retrofits:
Housekeeping . . . . . . . . . . . . . . . . . 1.9 2.0
Lighting . . . . . . . . . . . . . . . . . . . . . . 0.1 0.2

All industrial measures together . . . . . 8

ELECTRIC UTILITY SUPPLY-SIDE MEASURES

Existing plant measures:
Improved nuclear utilization . . . . . . 4.1
Fossil efficiency improvements . . . . 1.7
Upgraded hydroelectric plants . . . . 0.5
Natural gas co-firing . . . . . . . . . . . . . —

New plant measures:
No new coal; higher fraction

of new nonfossil sources . . . . . . . -–
C02 emission rate standards . . . . . 0.4

All utility supply-side measures
together . . . . . . . . . . . . . . . . . . . . . 6.6

FORESTRY MEASURES
Afforestation:

Conservation Reserve Program . . . 0.2
Urban trees . . . . . . . . . . . . . . . . . . . . —
Additional tree planting . . . . . . . . . . —

Increased timber productivity . . . . . . . —
increased use of biomass fuels . . . . . —

17 to 18

4.1
1.7
0.5
3.7

0.0 to 4.7
0.0 to 0.1

9.9 to 14

0.2
0.7
2.3
3.1
1.2

All forestry measures together , . . . . . 0.2 7.5

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

SOURCE office of Ttwhnology  Assessment, 1991.

GNP; direct fossil fuel and electricity consumption GNP effects over the first few years of a suddenly
purchases account for about 9 percent of GNP. instituted policy could be 5 percent or more.

Other groups have tried to estimate the costs of CBO also looked at two longer term econometric
CO2 reductions, but with different control scenarios, models that forecast energy use past 2000, one
often a carbon tax. For example, using several constructed by the Environmental Protection Agency
short-term econometric models (i.e., analyses that (EPA) and the other by the Electric Power Research
extend only to the year 2000), the Congressional Institute (EPRI). These models’ projections for Base
Budget Office (CBO) estimated that a $100 per ton case energy use in 2015 are reasonably close to each
carbon tax phased in by the year 2000 would hold other and to OTA’s Base case and thus offer useful
CO2 emissions at just about current levels or reduce comparisons of reductions and costs. The model
them to 25 percent below current levels by 2000 used by EPA forecasts that holding emissions to 10
(45). By the end of the first decade, GNP would be to 15 percent below current levels would lower GNP
lowered by about 0.5 to 2.0 percent (about $40 to by about 1 to 1.3 percent by the year 2015. The EPRI
$130 billion per year in 1987 dollars). However, 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 2015.11 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 CO2 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 CO2-

emitting fuels.

Additional options to offset CO2 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
economic 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
CO2 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

Photo credit: Chip Moore

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 C02-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. CO2 emis-
sions will require that most of these options be
pursued simultaneously.

Presently available energy “supply” options for
achieving major C02 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 CO2

emissions, we cannot count on large-scale use of

I I FOr ~Omp~sO% DOE’S Energy ~omation A&nhis@-dim estinudcd the price of oil to be $28 to $46 per barrel  by 2010;  tie fi~can G*
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 a relatively 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 options there is a large
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
quarter century depends greatly on Federal funding
for demonstration.

Several technical options are available in the
forestry sector to provide some offsets of CO2

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 CO2 emissions reduc-
tions (see figure 1-4). Whatever the CO2 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 as there is no single technical option that is a
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,
as well as reduce, by cost-sharing, the risk to indus-
try of developing these new options.

Taxes

Taxes offer a way to make high CO2-emitting
technical options more expensive than lower CO2-
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) a carbon 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 Iittle 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 CO2. 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 CO2-reducing
technical options by both individuals and corpora-
tions. Direct payments for utilization of C02-
reducing options (e.g., cash bonus for scrapping an
old, fuel-inefficient car) are especially 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 coal 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 commercial instal-
lations. Permits could be required for wholesalers
who sell gasoline, rather than for individual drivers.

Regulations

Regulations are policy instruments that can elimi-
nate inefficient and/or high CO2-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

1990 dollars (billions)
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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. Holdren,  “Energy in Transition,” .Sckntific  American
263(3):1  56-163, September 1990, original datacompiledfrom
the Office of Management and Budget, B@ef of the  Urited
States Government, Fiscal Years 1990 Zhrough  1991 (Wash-
ington, DC: U.S. Government Printing Office, 1980 through
1990); Inter-society Working Group/American Association for
the Advarwment  of Science, Research and Development FY
1980-1997 (Washington, DC: 1980 through 1990); and Envi-
ronmental and Energy Study Conference, Wwkly Bulletin(s)
and Speck/ Rqwrt(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 programs is to stimu-
late 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
CO2 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 C02 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
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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 commercial 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-
fers to 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.12

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 Federal 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 legislation that
guides FERC (which has jurisdiction over wholesale
electricity transactions). An example of such legisla-
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.

lzFor a discussion of state initiatives in ]eaS[-coSt  planfing,  s~ ref. ~.
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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.13 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
national 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.14

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
commercial 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.ls

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
Federal 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

I l~e ~mendnlenls define ~]1 ~ncra.efficiency  inlprovments  ~,lth a payback  of 3 yea~ or less as ~~n~mica]]y jus[ificd.  Any paybacks longer than
3 years must be $hown to be economically justified.

{4[ ~ , mortgages  thilt ~nc[u~e  ~ loan,  under the Nati~n~ Housing  Act, for financing  energy.conse~lng irnp~vernents  or ad(ilrlg solar ener~  SyStCIIIS,

15~e  omnibus Budget  Rcconclllation  Act  of 1990 ~xtcndcd  tie 1 ()-percent business energy tax cr~i( for SOIM and g~[hermal  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 a key 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 its role 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 all residential and commercial buildings,
making it easier and less expensive for lenders to
include energy costs in their mortgage evaluations.

State 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 a trend
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-
nies in 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 technologies in 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 oil 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 l-l).

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, as well.

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
CO2 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), a long-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.

17 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 a longer 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.l8

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 Tax19 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.

I~cN$  use gaso~c  most Cfficiendy in the range of 35 to 45 mph slower travel (due to congestion) and faster mavel  lead 10 losses  iII effici~cy.
ITTWO  ~Went  s~dles  (4, ~) review the ‘‘elasticity’ of gasoline use relative to price (i.e., the ratio of the percentage change in use to the percentage

change in price).
[8 For ~xmple,  in 19s5, households  Wlfi eMfing5 exceeding $’35,)()() spent  4 per~nt  of income on gasoline whereas households earning $5,()()0 tO

$10,000 spent 11 percent.
Ime Enm= Tax Act of 1978  (Public Law 9s-6 18).
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A World War II 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 C02 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
alternate-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 a large (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)—
TCMs include 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:

ridesharing (promotion and matching services);
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);
High-Occupancy Vehicle (HOV) lanes (re-
stricting lanes on freeways to cars with three or
four occupants and to buses);
parking management (parking taxes or devel-
opment surcharges, restricting street parking,
and mandating high parking charges at work-
places);
Park and Ride (intercept drivers near their
origins);



Chapter I-Summary . 23

●

●

●

●

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 Federal 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 West, 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
parallel programs to assess and
actual performance of a variety of

Manufacturing Sector

expanded, with
demonstrate the
fuels.

For manufacturing, as shown in figure 1-7, three
types of technical improvements offer the greatest
promise. The first area is ‘ ‘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 (l), 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
CO2. 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 CO2 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 special 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 financial 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--C0 2 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 a firm 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
as tax 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-
especially 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 I-8--Electric Utility Supply-Side Measures
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demand for recycled materials such as paper, steel,
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 l-l). 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 all 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 CO2 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 a limited 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 CO2-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 financial 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 equivalent20 for only renewable sources of
electricity might double the contribution of renew-
able sources of electricity by 2010-i. e., allow 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).

CO2 Emission Limits and Efficiency Standards—
Congress could mandate reductions by setting C02

emission limits or efficiency standards. For exam-
ple, an emission rate limit of 0.55 pounds carbon per
kWh (lbs C/kWh) would require a typical Midwest-
ern plant burning Illinois coal to burn between about
10 and 30 percent gas, depending on its efficiency.
At 0.55 lbs C/kWh, the most efficient new coal
burning technologies (e.g., integrated coal gasifica-
tion combined cycle, or IGCC) would just qualify
burning coal alone.

Two somewhat different strategies could be
pursued to set C02 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 lbs 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 lbs
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 efficiencies is 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-

mA 2 cent.per.k~~  subsidy is quivcalerlt tO a carbon tax of $75 per ton of carbon for cod and about $150 per ton of carbon fOr natural  g~.
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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
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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 development
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 a role 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 equiva-
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 use in general.

Congress could promote management practices
that increase carbon storage or offset CO2 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 a tax on fossil fuels to make biomass fuels more
competitive).

Incentives To Increase Carbon Storage on
Forest Lands—Incentives 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.

21 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,

ZtEg,  for NatioMl  F~rmts  ~ tie Renewable  R~ources  pi- Act (Public Law 93-378) and National Forest Management Act ~bfic ~w 94-585),
within the framework set fortb in the Multiple-Use and Sustained-Yield Act of 1960 (Public Law 86-5 17).
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Photo credit: James P. Blair (c) 1990 National Geographic Society

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
which the USFS would work with State and local
governments, land grant universities, and the private
sector to improve resource management on privately
owned forest land.

For industry-owned timberland, investments might
be stimulated through changes in capital gains
provisions (e.g., restoring preferential tax rates or
providing a partial exclusion from taxable income
for timber held longer than 20 years) or allowing full
annual deductions for expenses, as well as by
increasing funding for Federal assistance programs.
One possibility for increasing support of such
programs is to use funds that would accrue if
below-cost timber sales in National Forests were
eliminated.

Incentives for Growing New Trees on Unfor-
ested and Urban Lands—Mechanisms to promote
afforestation include the Conservation Reserve Prog-
ram (CRP), the President’s proposed America the
Beautiful program, and financial incentives such as
tax credits for carbon storage. In general, any
tree-planting program needs to consider the costs of
maintaining trees in a healthy state once planted; this
will be even more critical as climate changes occur.

Congress could expand the CRP by increasing its
tree-planting goals and its incentives for enrolling
land for tree planting (e.g., higher rentals, greater
share of reforestation costs, longer contracts) .22 The
1990 Farm Bill expanded CRP eligibility criteria to
include, for example, marginal pasture lands previ-
ously converted to wetlands or wildlife habitat,

        of production for 10 years receive         a 

payment for one-half the cost of  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 C02

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 commodity support programs and by
lack of revenues for several years. Thus, changes in
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, C02 is the primary focus
of OTA’s analysis, although 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, differs in two
important aspects. First, the relative importance of
methane (CH4) and N20 emissions is greater than in
other sectors. Although estimates are uncertain, the
food sector may account for one-third of global CH4

emissions and anywhere from one-tenth to one-fifth
of current global N2O emissions. Its contribution to
total U.S. CH4 emissions is roughly 9 percent (its
contribution to U.S. N20 emissions is uncertain,
though).

Second, fossil fuel-related C02 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, C02 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. C02

emissions and about 5 percent of U.S. CFC-11 and
CFC-12 emissions (worldwide, it may account for
one-fifth of global CO2 emissions and up to 15
percent of globalCFC-11 and CFC-12 emissions).24

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 C02 emissions from the U.S.
food system could be reduced by making fertilizer
manufacture, farm machinery, and irrigation more
energy efficient.

Dms ~11 e~nce tie c~ces  of ac~eving tie CRP’S goal of reducing soil erosion problems; some of these  lands could be devoted  tO tiee planting.
~A&)ut  70 peKent  of tie  U.S. food smtor’s COZ emissions (i.e., about 5 percent of total U.S. C02 emissions) comes from fossil fuel combustion for

food refrigeration, residential cooking, and food processing and packaging; the remainder comes tlom farm machinery, fertilizer manufacturing, and
onfarm  electricity use. These COZ emissions do not represent a complete accounting of emissions from the U.S. food sectoc for example, C02 emissions
associated witb 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 potential 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 N20 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 support
payments.

25 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 N2O emissions
from fertilizer use (as well as CO2 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 CO2 emissions from agricultural

land-clearing activities, CH4 emissions from rumi-
nant animals (and from rice cultivation, particularly
in the developing world), and N2O 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
global 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 develop-
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

~TTN 199t3 Farm Bill now allows fa.rrne~ to plant a limited amount of selected crops on land designated for other commodity promm Hops without
losing program benefits.

‘bThis  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 crops in 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 all 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 CO2

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 CO2 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 CO2 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

27 In contrast, l0SS of temperate-

unprecedented scale.
zone forests, located mostly in developed countries,
currently contributes little to C02 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,28 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-

27’ *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).

m~e average  fiefican  uses about 260 million Btu’s. The average for the entire developing world (defined by the World Bank as ‘‘lower aml 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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Figure I-l O-Per Capita Energy Consumption
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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.S.S.R. 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.29 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.S.R. 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.30 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., steel,
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

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

wIn poland, for exmple,  subsidies account~  for 49 percent of the delivered price of coal and 83 percent of the delivered Price of ~tuml gas ti 1987
(ref. 4 1).
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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
CFCs and 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 l-C). The United
States, for example, provides direct bilateral assist-
ance through the U.S. Agency for International
Development (A. I,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.31

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. General 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 billion 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. I.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.I.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 Investment
Fund.

~ ICompmed t. ~thercounmlcs, uS, forei~l  aid and assisti~  is a relatively smaller percentage of its GNp. me U.S. Pofiion was 019  Pmcent 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 l-C—Agencies and Organizations That Can Influence Greenhouse Emissions Abroad

This box briefly describes major U.S. and international “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, technical assistance, and technology transfer. It is the
second largest bilateral aid donor in the world (following Japan), spending over $2 billion 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.I.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 commercial 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 billion
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;
its focus is primarily on large public sector projects.

Continued on next page



36 ● Changing by Degrees,” Steps TO Reduce Greenhouse Gases

Box l-C--Agencies and Organizations That Can Influence Greenhouse Emissions Abroad-
Continued

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

$3.3 billion in the energy sector. Bank funding for free-standing environmental projects from 1990 through 1992
is expected to be about $1.3 billion. 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 lost its position as the largest international aid donor to Japan This change will reduce the U.S. voting
share in the Bank.1

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 billion 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 (FAO) is active in 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 environmenta1 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. S.R., 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 financial 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, b utited States had 19.5 percent of the voting power in the World B* Thi$ VV8S hw - * ~~ voting 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 programs in 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. eligi-
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 harmonize 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 perhaps in
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.I.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.I.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.32

Izmc 1989  In~CrmtioMl Development  and Finance  ACI  (~bliC Law 101-24.0) requires the U.S. Executive Dtiectors  to tic multlIateral  development

banks to promote increased assistance and support for non-I-J.S, NGOs.
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Options--Congress could direct A.I.D. to evalu-
ate the effectiveness of its activities in this area. If
found lacking, Congress could direct A.I.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
elsewhere----e. g., upland deforestation has increased
silting of reservoirs and flooding in many down-
stream areas.

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-
pens in tropical forests through several means:

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

2

3.

4.

5.

6.

progress in implementing environmental im-
pact assessment procedures, and in making
loans contingent on host country development
policies (e.g., eliminating subsidies that encour-
age inappropriate cattle ranching and poor
logging);
increase funding for A.I.D. projects on agro-
forestry, sustainable agriculture, natural forest
management, and nontimber forest products;
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;
support development of a global forestry con-
servation protocol;
address family planning, land reform, and debt
reduction issues; and
provide directions for U.S. participation as a
donor in the new Global 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 (e.g., non-CO2-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 billion 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,I.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 also could consider expanding A.I.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.I.D. and the MDBs to work with the Eastern
European and Soviet governments to initiate re-
forms in 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,

Photo credit: African Development Foundation

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.34 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

~~~b]lc ~w 101-] 67 directed AID. t. j~entifi)  key ~ldd]e. and lo~_~come Counrnes  ~ w~ch ene~ and foms~ Poficies could Sl@lCilIltly.
reduce greenhouse gm emissions, Four countries-Chin~  Bmzil, Indonesia, India-appear to emit as much greenhouse gases as the other developing
countries combined. Other countries considered strong candidates for attention inc!ude  Poland, Egypt, Mexico, Thailand, ColombiA the Philippines,
Bangladesh, Nigeria, and Zaire. A.I.D. currently does not provide direct assistance to Chin% Poland, or Mexico.

.~other  mec~nlsms  t. faclll~te  private-sector  made  in ener=.efficient ad renewable  energy technolo@ti 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.I.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).35

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 a range of backup
activities (e.g., education and communication, women’s
programs, research and evaluation).

Any global Warmin g 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
CO2 emissions still further. In the U. S. S. R., for
example, there is only 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, CO2 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 developed 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, especially 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.

~S~ese  ~e act~ or estimated expendi~res and vary slightly from oftlcial authorizmions. ‘Ibtal funding for population-related prOJeCtS  was Slighfly
higher, bwause 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 CO2. Major
reductions of C02 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, CO2 emissions in 2015 will be about 15
percent higher than 1987 levels. If the United States
enacts a ‘‘Tbugh’ package, CO2 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 all fronts-from government research and devel-
opment to personal 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
d e m o n s t r a t e d  by the events in the Persian G u l f ;
domestic environmental problems as evidenced
by numerous oiI 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 1ifc over the next few decades
may be profound. However, a common thread runs
through these issues and can serve as an overall
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 overall 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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