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The Administrator

The Honorable Robert C. Byrd
Chairman

Committee on Appropriations
United States Senate
Washington, D.C. 20510

Dear Mr. Chairman:

I am pleased to transmit the report of the Agency for
International Development (A.I.D.) on climate change issues
as requested in Section 534 (c) of the Fiscal Year 1990 Foreign
Assistance Appropriations Act.

The report discusses the main sources of greenhouse gas
emissions (energy production, deforestation, and agriculture)
and the countries and geographic regions from whicl: these
emissions emanate. The quantitative data on which this
presentation is based were developed largely by the
International Panel on Climate Change (IPCC), an
intergovernmental effort.

The report discusses strategies which could and should
be pursued to reduce greenhouse gas emissions, and it attempts
to astimate the effect such strategies might have on reducing
atmospheric concentrations of those gases. It should be
emphasized that this is an area where there is still
considerable uncertainty with respect to the quality of the
data, the science, and the potential impacts of policy changes.

The report describes ongoing and planned A.I.D. activities
concerned with climate change and aiso suggests possible new
initiatives which will be further explored to determine their
feasibility and efficacy.

Over the past year A.I.D. has made significant strides
in addressing the global climate change issue. However, this
report should not be considered a final, authoritative
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expression of the A.I.D. strategy. As wa learn more about
climate change--in terms of ths sciences, policy, institutional
and other aspects--our strategy will evolve further.

Roskens

Enclosure:

GREENHOUSE GAS EMISSIONS AND THE
DEVELOPING COUNTRIES: STRATEGIC OPTIONS
AND THE U.S.A.I.D. RESPONSE
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GLOSSARY OF TERMS"

Climate System

The interactive components of our planet that determine the climate. This includes the
atmosphere, oceans, land surface, sea ice, snow, glaciers, and the biosphere. Climate change can be
measured in terms of any part of the system, but it is most convenient to use surface air temperature as
a measure of climate, since it is the parameter for which we have the best record and it is most directly
relevant to the component of the biosphere that we know best - humans.

Radiative Forcing (also calied “external forcing," *forcing,” or "perturbation®)

A change imposed on the climate system (as opposed to generated by the internal dynamics of
the climate system) that modifies the radiative balance of the climate system. Examples inciude: changes
in the output of the sun ur the orbit of the Earth about the sun, increased concentraticns of particles in
the atmosphere due to volcanoes or human activity, ar.d increased concentrations of greenhouse gases
in the atmosphere due to human activity. Radiative forcing is often specified as the net change in energy
flux at the troposphere (W/mz) or the equilibrium change in surface temperature in the absence of
feedbacks (oC).

General Circulation Model (GCM)

A computer model of the Earth’s climate based on equations that describe, among other things,
the conservation of energy, momentum, and mass, and which explicitly calculates the distribution of wind,
temperature, precipitation, and other climatic variables. Such models are applied to the atmosphere, to
the oceans, or to both coupled together.

Carbon Intensity

The ratio of carbon dioxide emissions to unit primary energy consumption (1 0° tons CO, divided
by total energy consumption measured in exajoules).
Global Warming Potentlal (GWP)

A concept utilized by the IPCC to put the relative ability of different greenhouse gas emissions to
affect climate on a common basis. The GWP accounts for differences in molecular structure and

atmospheric lifetime of the various greenhouse gases, and expresses their radiative forcing relative to that
of CO.,,
2

' Adapted from Policy Options for Stabilizing Global Climate, Draft Report to Congress, U.S. EPA,
Office of Policy, Planning, and Evaluation, Washington, D.C., 1989.
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STATEMENT OF THE SEVEN MAJOR INDUSTRIAL DEMOCRACIES

Ona of our most imponam reepomlbmtles ls to pass on to future genereﬂons an envlronmam:_,,
B as cllmate change. ozone demeﬁo"n. deforesteﬂon, marmo pollution and Ioes of biological dlversny‘ :
* require. ‘closer. and . more effective_ Intamatlonal cooperation: and ‘conereta - acton; :We as. -
_ Industrialized: countries: have an cbiigation to be leaders in meeting these challenges. We:agree -
- that, in the face of threats of ireversible environmental change, Jack: of’fut!}sclemlﬂc cerlaimy ls no =
excuse to postpone actlone which are justified In their own nght Vi i el

o Cllmate change ls of key lmponance ‘We are commrtted to undenake common eﬂons to Hmitv; .
: .emlssions of greenhouse: gases, such as carbon dioxide. We strongly. support the work of the .
: ‘»lmergovemmemal Panel on CHmate Change (IPCC) and look forward tothe release of ns full repon ;
in August : _ ;

... We walcome the amendment of the Montreal Protccol to phasa out the Gss of -
P chloroﬂuoroeerbons (CFCs) by the year 2000 and to extend coverage af the Protocol to other ozone-v» :
. ,dep!eting substances st '

energy e‘ﬁctency and to me development of altematwe energy sources

- . We ) detennined to take acuon to increase forests whlle protactmg extstmg on% and |
g recogn!zlng the sovenelgn rights of all cauntries to make use of: thmr natural resources . '

Cooperation between developed and developmg countries is essemia! to the resolution of global
envnronmental problems

o Excerpted from
THE HOUSTON ECONOMIC DECLARATION: -

Sngned by the Heads of State. anu Gevemment.f 1
: _of the. saven: major. industri democractes:
President of the CommissnonOf the European Comm

-vil-



EXECUTIVE SUMMARY

1. BACKGROUND AND PURPOSE

This report responds to the Fiscal Year 1990 Foreign Assistance Appropriations Act, which
requested the Agency for International Development (A.l.D.) to prepare a report that (1) examines the
potantial contributions of developing countries to future globul emissions of greenhouse gases under
different economic growth scer.drios, (2) estimates the relative contributions of those countries to global
greenhouse gas emissions, and (3) identifies specific key countries that stand to contribute significantly
to global greenhouse gas emissions, and in which actions to promote energy efficiency, reliance on
renewable resources, and conservation of forest resources could significantly reduce emissions of
greenhouse gases.

The report presents ongoing programs and ney initiatives being considered by A.L.D. to promote
sustained economic growth in developing countries while minimizing greenhouse gas emissions.
Estimates of present and projected emissions, includiag emissions from A.l.D.-designated "key countries,’
are based on the work of the Intergovernmental Panel on Climate Change (IPCC).

Despite the uncertainties regarding the timing, magnitude, and impacts of global climate change,
the issue has dramatized the daunting problems faced by developing countries in achieving sustained
economic and social development. Responding to the policy imperative of *'managing the global
commons" while accelerating development in individual countries is one of the significant challenges of

our time.

2. CONTRIBUTIONS OF DEVELOPED AND DEVELOPING COUNTRIES TO GREENHOUSE GAS

EMISSIONS

The OECD countries, the Soviet Union and Eastern Europe currently produce over 50 percent of
the greenhouse gas emissions, or five times as much per capita as the rest of the world. (These
estimates are basad on the concept of “global warming potential,* which is used to compare the potential
warming effects of different greenhouse gases.) Caroon dioxide accounts for about half of the *global
warming potential* of all greenhouse gases, and the energy sector produces about half of total emissions.
Carbon dioxide emissions from fossil fuel combustion and chlorofiuorocarbon (CFC) emissions are known
fairty accurately, while carbon dioxide emissions from deforestation and total methane emissions from the

different sources are not yet well quantified.

The industrialized countries are likely to account for a declining share of future emissions, while
the rapidly industrializing developing regions will contribute a substantially greater share over the next

NS
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three to five decades, because they must increase their per capita energy use to further their economic
growth.

In developing countries the buming of biomass associated with deforestation contributes
substantially to greenhouse gas emissions, but increases in commercial energy use will be the largest
future source of such emissions. In principle, forests can be transformed from carbon sources to carbon
sinks, if they don’t disappear be‘ore forest stabilization programs are instituted. The agricultural sector
is an important source of methane and nitrous oxide, principally resulting from rice production, domestic
animals, fertilizer use and biomass burning, but taken individually, these contributions appear to be small
in comparison with natural emissions; collectively, they represent about 60-70% of total CH, emissions.

Even though the concentration of greenhouse gases in the atmosphere is likely to grow over the
next few decades, the rate of growth will depend on the extent to which successtul policies to control
emissions can be implemented. Stabilization of greenhouse gas concentrations over the next century can
be brought about through rapid implementation of energy efficiency measures, major increases in non-
fossil energy supplies, reduced growth in fossil fuel emissions, and significant forest management and
conservation efforts. Successful introduction and diffusion of these measures will require significant
innovation on all fronts - technological, policy, financing, and institutional. No single innovative approach
or technology can adequately control greenhouse gas emissions, but by impleme:nting a balanced and
comprehensive strateqy over the next few decades, significant reductions in emissions can accompany
accelerated economic growth in the developing nations.

Yet, even with the most aggressive energy efficiency strategies in developing countries, total
energy use in these countries will continue to grow for many decades. Howaever, even in the highest
growth scenario developed by the IPCC, the per capita contributions of devsloping countries to
greenhouse gas emissions in the year 2025 are at most 10-20% of those of the OECD countries.

The rapid deployment of highly efficient energy sysiems will be central to sustainable development
strategies based on technological and industrial modernization for all countries and regioris. The use of
available technologies and practices, particularly for increasing end-use energy efficiency, can mitigate

greenhouse gas emissions.
3. A.1.D.’S OM-GOING PROGRAMS AND PROPOSED INITIATIVES IN ENERGY, FORESTRY, AND
AGRICULTURE

A.LD. is pursuing a strategy on global change that supports robust, sustalnable development
paths valid in the face of scientific uncertainty. This strategy is consistent with the "no-regrets* policy
enunciated recently by Secretary of State James Baker. Thus, investments in energy efficiency,

X



sustainable forest resource management, agricultural research and institutional strengthening, and
biological diversity are developmentally sound regardless of the pace and nature of climate change.

In Fiscal Year (FY) 1989, the Agency provided $185 million in support of global-warming-related
activities, defined as including all forestry, energy efficiency and renewable energy programs. Planned
funding levels for fiscal years 1990 and 1991 are $225 miilion and $248 million, respectively. The present
level of assistance supports activities in about 40 A.L.D. missions, as well as in additional countries,
through regional and centrally-funded programs.

On-Going Programs

A.D. is implementing a multifaceted strategy for improving energy sector performance in
developing countries. There is a major focus on policy reform, including pricing, least-cost planning,
private sector involvement, improved energy system and environmerital management, and clean energy
technology commercialization. A balanced program of supply- and demand-side technological innovation
stresses energy efficiency, renewables, and clean fossil options. The Agency Is also supporting several
initiatives in collaboration with the muttilateral development banks and other bilaterai donor agencies
through the Multi-Agency Group on Power Innovation (MAGPI) and other mechanisms. Key countries in
which such energy programs are underway include Brazil, India, Indonesia, Pakistan, the Philippines and
Costa Rica (included in the key region of Central America). There are also important energy programs
in the Dominican Republic, Egypt, Jordan, Thailand, and Morocco. The key countries of Mexico, Poland,
and Zaire are candidates for new programs.

A.1.D. support for forestry activities is growing rapidly. In FY 1988, $50.2 million was obligated for
90 active projects. By the following year, A..D.’s portfolio included 112 projects, and obligations had
increased to $76.8 million, a 53 percent growth rate. A.l.D. has launchad several noteworthy inftiatives.
In collaboration with the U.S. Environmental Protection Agency (EPA), A.l.D. has commissioned the
National Academy of Sciences to assess the potential of sustainable agriculture to reduce rates of
deforestation, to identify requirements for overcoming the constraints to adcption of sustainable
agricultural systems, and to recommend sites for implementation of susiainable agriculture projects.

In May 1988, A.l.D. announced a debt-for-development initiativa. Under the program, A.l.D.
supports the purchase - normally through non-governmental organizations (NGOs) - of discounted debt
owed by developing countries to foreign commercial banks. Forestry projects in the Philippines and
Madagascar have been supported under this initiative.

A.L.D. is providing financial support in Guatemala for the first project intended to offset the carbon
dioxide emissions of a new coal-fired pcwer plant in Connecticut. The project consists of a number of
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forestry Irterventions cesigned to sequester 15.5 million tons of CO, over 40 years, equivalent to the
carbon dioxide emitted by the coal plant.

Proposed Inkiatives

A Global Energy Efficiency Initiative (GEEI) has been launched by A.lD. with the active
collaboration of an ad hoc working group composed of repressntatives from EPA, DOE, national
laboratories, and NGOs. The goal of this effort Is to implement an intemational program of energy
efficiency. This is being carried out as a part of A.L.D.'s new set of Environmental Initiatives announced
by Administrator Ronald Roskens on June 28, 1690,

A.LD. is expanding its support for the transfer of existing technologles and practices, as well as
for joint venture energy technology development and commercialization. A.l.D., In collaboration with other
U.S. government agencies, will contribute tc export promotion, technology transfer, and training. New
training initiatives will address the needs of A.LD. and hest country govemments for authoritative
information on global climate change as well as on policy responses and technological options to reduce
greenhouse gas emissions while promoting economic growth. The international energy and environment
community is discussing mechanisms to foster a market-driven approach to energy technology
development and commercialization through support of joint ventures and consortia in developing and
developed countries.

A.l.D. is working with the U.S. Electric Power Research Institute (EPRI), and with electric utilities
in Westemn Europe, Japan, Canada, India, Taiwan, Korea, and other developing countries to explore the
formation of an international electric utility industry network to sponsor collaborative research and
technology development related to climate change.

Key climate-related initiatives in the forestry area will include:
. Collaborative efforts to strengthen international tropical forest research

and the institutional mechanisms to carry it out;

. Expanded technical services in forest management, agroforestry, buffer
zone development, conservation, and nature tourism;

. Research and analysis looking toward development and implementation
of policy packages to identify and address important, rcot causes of
tropical deforestation and degradation, including market failures and
policy distortions;

. Strengthening the institutional and human resource capabilities to con-
duct research and implement appropriate policies and programs.
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A.LD. is planning to implement in FY 1991 a Sustainable Agricultural Systems Collaborative
Research Support Program (CRSP) that will integrate agricultural, environmentai, and soclal sciences
within A.L.D.'s agricultural portfolio. In the agricultural sector, the establishment of a global network
will be explored to monitor stocks of organic carbon In soll at existing long-term research sites in
daveloped and developing countries, and to relate changes in stocks to land-use management practices.
Such a network could also monitor greenhouse gas emissions and relate these emissions to land-use
patterns. These efforts would be cost-effective since they draw on existing programs.
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CHAPTER 1

INTRODUCTION AND CVERVIEW

SUMMARY

Prepared as a response to the Congressional directive, this report analyzes current greenhouse
gas emissions data for developed and developing countries (including A.1.D.-designated “key* developing
countries) and postulates future levels of emissions under different economic growth scenarios. Key
developing countries, identified on the basis of subjective and objective factors, tace the triple-bind
problem of inadequate capital mobilization for energy deveicpment, deteriorating performance of electric
utilities, and severe environmental issues. This situation cails for unprecadented collaborative actions and
strategies bstween the industrialized and developing countries to accelerate economic growth while
minimizing greenhouse gas emissions.

11 GREENHOUSE GASES AND CLIMATE CHANGE

Human activities affect the Earth's climate through the release of *greenhouse gases® to the
atmosphere, and through changes in the physical properties of the surfaca by deforestation, agricuiture,
and the expansion of human settiements. The stmuspheric buildup of greenhouse gases due to human
activities appears to be the dominant anthropogenic force on global climate change. In terms of climate
impact, the most important gases released through human activities are carbon dioxide, methane, nitrous
oxides, halons, and chlorofluorocarbons or CFCs.

While the emissions of greenhouse gases and their contributions to changes in the thermal
propeorties of the atmosphere are documented by scientific evidence, there is not yet scientific consensus
on the likely climate impact of the atmospheric buildup of these gases. Concem for the consequences
of human-induced increases in the greenhouse gases has been well summarized in a recent World Bank
Discussion Paper:'

The emission of greenhouse gases is expected to induce an increase in the global mean
temperature which, in terms of either magnitude or rate of change, would be
unprecadented in mankind's entire history on earth. Present day global climate models
pradict a warming of 1.5°4.5°C for a CO, doubling within the next century. In contrast,
the earth's temperature has risen only 0.5-0.7°C in the last century, and probably has not
varied more than 1-2°C in the last ten thousand years, or 6-7°C in the last million years.

* 'Greenhouse’ gases include water vapor, carbon dioxide, methane, nitrous oxide, and certain
manmade chemicals that absorb and reradiate some of the heat radiated from the earth's surface. In a
rough sense, these gases trap soma of the heat that would normally escape as radiant energy into space;
hence, the analogy to a greenhouse. This interception of radiant energy contributes to overall heating
of the atmosphere.
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The development of the human soclal and cultural infrastructure over the last 7,000 years
has taken place entirely within an average global cliimate nelther 1° warmer nor colder
than the climate of today.

While there are apparent differences of opinion about the nature, extent, and speed of the
changes assoclated with this warming, the issue of giobal climate change has highlighied and dramatized
the serious problems that developing countries face in achieving sustained environmentally sound
economic and social development. Responding to these growing global concemns without hampering the
devalopment process in the world's lower- and middie-income countries is likely to be one of the
significant challenges of our time.

Despite the uncertainties about the timing and magnitude of any change, the potential for global
warming Is Increasingly accepted by the International community. The U.S. has been a leader in
coordinating an interational response to the threat of climate change through the Intergovemmentai
Panel on Climate Change (IPCC).

1.2 PURPOSE AMD FQCUS OF THE REPORT

This report has been prepared as a response to the Congressional directive and guidance
contained in Section 534(c)(1) of the Fiscal Year 1930 Foreign Assistance Appropriations Act (Public Law
101-167), which states that:

The Agency for International Development, in consultation with the Environmental
Protection Agency (EPA), the Department of Siate, and other appropriate agencies, shall
submit to Congress a report which (1) examines the potential contributions of developing
countries to future global emissions of greenhouse gases under different economic
growth scenarios, (2) estimates the relative contributions of those countries to global
greenhouse gas emissions, and (3) identifies specific key countries which stand to
contribute significantly to global greenhouse gas emissions, and in which actions to
promote energy efficiency, reliance on renewable energy resources, and conservation of
forest resources could significantly reduce emissions of greenhouse gases. This report
should utilize existing data, including the models and inethodologies already developed
by tha EPA for their repori to Congress on *Policy Options for Stabilizing Global Climate.*

This report to Congress does not attempt to review the science of climate change or the
controversies surrounding the subject. Many excellent discussions and summaries of this topic addressed
to both the scientific and policy communities have appeared over the past several years. Rather, this
report provides an overview of the physical sources of the various greenhouse gases, their geographic
distribution, and estimates of future emissions over the coming century. These estimates are based on
the work of specialized committees and participating national study teams of the Intergovernmental Panel
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on Climate Charigs’ (IPCC), which will issue its formal raport later this year. The present and projected
emissions from A.l.D.-designsted "key countries' are also presented. While this report summarizes some
of the technical- and policy-related aspects of controlling greenhouse gas amissions, the focus of the
report is on the nngoing programs and actions proposed by the Agency for International Development
to assist developing countries in achieving sustained economic growth while minimizing both local and
global environmental consequences with specific reference to controlling greeiihouse gas emissions.

1.3  CHALLENGES TO THE INDUSTRIALIZED AND DEVELOPING COUNTRIES FROM CLIMATE
CHANGE
Eventual stabilization of the atmospheric concentrations of greenhouse gases and the attendant
global climate change will require sustained implementation of a long-teim strategy. Addressing the
climate change problem requires an appreciation of the problems that developing countries face in man-
aging energy/power demand, forest resources, and agricuiture. Energy activities are the most significant,
however, contributing 60% of greenhouse gas emissions in terms of the potential for impacting climate.

The U.S. and other OECD countries are likely to account for a declining share of future
greenhouse gas emissions, while the rapidly industrializing developing regions wiil contribute a
substantially greater share over the coming three to five decades. This is principally because in virtually
all developing countries per capita commercial energy use is a small fraction of the per capita energy use
of even the poorest European countries. Even with the most aggressive energy efficiency strategies in
developing countries, total energy supply for fuels and electricity will continue to grow for many decades.
Clearly they will need to be a key part of the search for solutions, because they represant the largest
share of expected increases over the next century.

In the electric power sector, developing countries face the triple-bind problem of inadequate
capital mobilization for electric power development, deteriorating financial, institutional, and technical
performance of their electric utilities, and increasingly severs environmental constraints. Only about $10
billion of the projected $100 bil\. ;n per year required for developing country power systems development
will be avallable from all external sources, including both official bilateral and muttilateral development
assistance agencies as well as private creditors.

* The Intergovernmental Panel on Climate Change (IPCC) was established under the auspices of the
United Nations Environment Programme (UNEF) and the World Meteorological Organization (WMO). The
IPCC has established three working groups. Working Group #1 is assessing the state of scientific
knowledge on climate change and is chalred by the United Kingdom. Working Group #2 is assessing
the potcnitial social and economic impacts of climate change and is chaired by the Soviet Union. Working
Group #3 is examining potential response strategies to limit emissions and to adapt to climate change;
it is chalred by the United States.
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An effective response to the challenge of this triple bind must include innovative approaches on
all fronts. Neither policy reforms nor management improvements nor technological innovation alone ran
solve the problem of how to increase the per capita delivery of electrical services in the developing
countries under severe capital and environmental constraints. A multifaceted approach will be necessary,
posing a difficutt challenge for the intemational community.2 Whiie the environmental problems of the
developing countries were perceived as local in nature, they could be ignored by the larger intemational
community. The recegnition of the global environmental dimensions of development has accelerated the
search for new paths to economic development consistent with both local and global environmental
harmony. Many of the actions to address these problems are ky and large required independent of the
magnitude and timing of possible global climate change. This is, in effect, the *no regrets® policy that has
a broad international appeal.

. While scienﬂste reﬁne me state Of our knewiedga, we Shm.lid focus lmmediately on: pmdem'

~ steps that ere aiready justified on grounds ofher than climate change. Thesenclude reducing CFC
'emlssions. greater energy efﬁciency and reforestation

Whatever global solutions to global chmate change are considered, they should be as specific
- and cost-eﬂectweastheycanpossisbly be .

. Solutions will be most effective if they transcend the great fault line of cur times, the need to
= }reconcile ths transcendent requiramems fnr both economic deve!opmem and a sa‘e environment

The Hmorable James A. Baker m, Secretary of Stme N
before the Response agles Working Group,

Imergavemmemal Pariel on Climate Change

. Departmem of State -
_~January 30, 1989

Many developing countries are also facing major challenges to the sustalnability of both forest
resources and agricuiture. The need to malntain and expand tropical forest resources and habitat and
to hait deforestation, to minimize ecological disruption and desertification, to conserve biologicai diversity,
and to expand the basis for sustainable agricutture underiies many of A.1.D.’s programs. Success in these
areas also restrains growth in greenhouse gas emissions from deforestation and from reduction of land
clearing for non-sustainable agricutture.
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Eilective strategies and actions to accelerate economic growth in the developing world, while
minimizing the environmental burdens of this growth, require three essential elements:

1. Wealthier industrialized nations must take a global lead through
exemplary actions, including:

. establishing innovative institutional mechanisms to
support research, davelopment, technology
commercialization, and policy changes worldwide;

. establishing financial and institutional resources to
support these mechanisms;

. implemanting energy efficiency measures, both in supply
and demand (such measures, to be credible, must be
taken domestically as well as internationaliy); and

. assisting developing nations in implementing forest
conservation measures and developing alternative and
environmentally sound natural resource management
practices and policies that provide economic retums to
local populations.

2 Policies and actions expected of all nations in addressing greenhouse
gas emissions must be equitable in terms of the roles and contributions
of the wealthier and the developing countries.

3. Solutions that already exist as prototypes must be developed and
replicated on a large scale.

In this report key attention is given to energy strategies to reduce greenhouse gas emissions.
This focus is taken because (1) fossil fuel combustion is the major contributor to these emissions and (2)
the actions which should be taken in the energy sector are the best understood, and could, in principle,
be implemented on a reasonable time scale. Energy strategies ara more readily quantifiable as to impact
and cost than related strategies in the forestry and agriculture sectors.

1.4 A.l.D. KEY COUNTRIES

A.LD. has used two sets of criteria in its selection of the key countries: (1) data that describe the
present and potential contribution of each country to greenhouse gas emissions; and (2) assessments
that reflect the political and institutional aspects of U.S. assistance. Based on these criteria, the following
*key countries* and "key region* were selected:



Key Countries Key Countries Key Region

Brazil Pakistan Central America’
India Philippines

ndonesia Poland

Mexico Zaire

China was not considered for key country status because of current political problems. However,
A.L.D. recognizes that China should play an important role in any overall global warming policy initiative.
ALD. will work with EPA and DOE to develop possible collaboration with China in the event that
circumstances change and that country is reconsidered for key country status.

India Is expected to increase its use of indigenous coal reserves as part of the national plan to
expand installed power generation capacity by 100,000 megawatts (MW) over the next ten years. AlD.
has extensive experience in India and is supporting major Indo/U.S. projects involving forestry, energy
efficiency, technology innovation, and renewable energy. These projects include a mubti-
agency-sponsored power assessment and energy efficiency project, promotion of clean coal technologies,
and major technology development and commercialization efforts. These programs allow A.l.D. to expand
activities in India under A.l.D.’s Giobal Warming Initiative.

The rapid deforestation in the Amazon region and its associated significant CO, emissions has
led to designation of Brazil as a key country.

Central America was chosen because of the region's growing energy use, increasing rates of
deforestation, 2nd the opportunity for A.LD. to develop model programs in forestry, and in energy
efficiency and planning. The knowiedge and expertise A.LD. has gained in the region has allowed the
Agency to carry out long-term projects and gain specific awareness about the special needs of the region.
A.LD.’s regional Mission in Central America, the Regional Office for Central America and Panama
(ROCAP), prcvides an organizational mechanism for developing a regional response.

Designation of other xey countries reflected a combination of current and expected future
contributions to global warming, and a reliance on the subjective factors outlined above. For example,
Zaire was chosen over the fvory Coast and'Nigeria. which had higher rates of deforestation, because there
is very little forest resource left in the Ivory Coast, while Zaire's forest resources are still quite extensive

* Central Amarica includes Belize, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and
Panama. The ragion will be treated as a key country in this report.
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and merit additional efforts to preserve them.” Poland's carbon intensity is very high, indicating that the
country could benefit from implementation of energy efficiency programs.

NOTES AND REFERENCES

1. E. Amrhenius and T. W. Waltz. 1980. The Greenhouse Effect: Implications for Economic
Development. World Bank Discussion Papsr 78. World Bank, Washington DC.

2 Jhirad, D. 1990. Power Sector innovation in Developing Countries: Implementing Multi-Faceted
Solutions. Annual Review of Energy, Volume 15, pp. 365-398. Annual Review, Inc. Palo Alto,
California.

* A.LD. is considering broadening the Zalre key country designation to include the Central African
region which also includes the Central African Republic, Congo, Cameroon, and Gabon.
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CHAPTER 2

CURRENT CONTRIBUTIONS OF DEVELOPED AND DEVELOPING COUNTRIES
TO GREENHOUSZ GAS EMISSIONS ‘

SUMMARY

Carbon dioxide emissions are primarily due to fossil fuel combustion and deforestation, methane
and nitrous oxides are principally from agricultural practices, and CFCs are released exciusively as a result
of industrial processes. Together, the OECD countries, Eastern Europe, and the Soviet Union are
responsible for 54% of all greenhouse gas emissions in terms of their impact on the radiative properties
of the atmosphere. Worldwide, fossil fuel use accounts for half of emissions impacts. Developing
countries contribute a sizable fraction of the global emissions that include carbon dioxide releases from
deforestation and methane emissions from rice cultivation. The relative contributions of current
greenhouse gas emissions to global climate change are discussed below by gas, sector, and region.

2.1 INTRODUCTION

Greenhouss gases that affect the Earth’s climate are released to the atmosphere through human
activities. These activities, referred to as anthropogenic sources, include fossil fuel combustion,
deforestation, land-use change, agriculture, and various industrial processes. The developed countries
are presently the source of most greenhouse gas emissions, particularty carbon dioxide. In some cases,
including carbon dioxide releases from deforestation and methane emissions from rice cultivation,
developing countries contribute a sizable fraction of the global total. The relative contributions of present
greenhouse gas emissions to climate change, by gas, sector, and region, are illustrated in Figure 2-1.

This chapter summarizes our understanding of the present levels of greenhouse gas emissions
from developed and developing countries.” The following gases are included: carbon dioxide (CO,),
methane (CH,), nitrous oxide (N,0O), chlorofluorocarbons (CFCs), and halons. Tropospheric ozone, a
greenhouse gas that is not emitted directly by human activity but whose concentration is strongly
governed by trace gas emissions resulting from industrial activity and transportation, will not be discussed
here because its anthropogenic sources and its contribution to greenhouse warming are not well
quantified. Following an overview of the relative effect of different gases on climate warming and the
regional distribution of emissions, the human activities that release trace gases are discussd.

* *Present® in this chapter is defined as the year 1985, except where noted.
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FIGURE 2-1

RELATIVE CONTRIBUTION OF 1985 EMISS!ONS TO
RADIATIVE FORCING

By Gas By Sector

Commeroial
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Other (2%) R
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By Region

OECD (37%)

Mladle East (2%)

Africa (7%)

Latin America (12%)
S&E Asia (14%)

Sources: Marland et al. (1989);' Houghton et al. (1987);2 Cicerone and Oremland (1 989);3 IRRI
(1986);* Lemner et al. (1987);> Fung, pers. communication; Crutzen et al. (1979);% Bin-
gemer and Crutzen (1987); United Nations (1987);% Bolle et al. (1986);° FAO
(1987);'° U.S. EPA (1988);'! Shine et al. (1990).'
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22 THE CONCEPT OF "GLOBAL WARMING POTENTIAL®

The relative abllity of different greenhouse gas emissions to affect climate can be put on a
common basis. One approach, used by the IPCC, is the concept of the ‘Global Warming Potentlal®
(GWP). The GWP" accounts for ditferences in molecular structure and atmospheric lifetime of the various
greenhouse gases, and expresses thelr *radiative forcing*"" relative to that of CO,,

The GWP concept Is fairly new, and there is still disagreement in the policy community over the
most appropriate methodology for calculating GWPs. This report uses the GWPs deve'cped by consen-
sus within the Intergovernmental Panel on Climata Change (IPCC)‘2 as shown in Table 2-1. For example,
1 kilogram of methane emiited to the atmosphere is estimated to have 21 times the impact on radiative
forcing as does 1 kilogram of carbon dioxide. These GWPs will be used throughout the report to
convert greenhouse gas emissions to a CO,-equlvilent basis. (The use of the GWPs rather than the
*greenhouse index® recently introduced by the World Resources Institute is discussed in Note 13.'%)
Total and per capita emissions of the major greenhouse gases by region and key country, on a CO,-
equivalent basis, are presented in Table 2-2.

TABLE 2-1
GLOBAL WARMING POTENTIALS
Trace Gas Gwp?
co, 1
CH, 21
N,O 290
CFC-11 3,500
CFC-12 7,300

® Global Warming Potentials following the instantaneous injection of 1 kg
of each trace gas, relative to CO,, for a 100-year time horizon.

Source: Shine et al. (1990).'2

* Technically, the GWP is defined as the time-integrated commitment to climate forcing from the
instantaneous release of 1 kilogram of a greenhouse gas expressed relative to that from 1 kilogram of
carbon dioxide.

** *Radiative forcing® is defined as a change imposed on the climate system that modifies the radiative
balance of the climate system, i.e., that modifies the balance between incoming and outgoing radiation.
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TABLE 2-2
ANTHROPOGENIC GREENHOUSE GAS EMISSION3 BY REGION/KEY COUNTRY

1985
(MMT CO,, Equivalent)

Total Emissions

REGIONS CO,* CH,® N,0° CFCs® | Emissions | Percent | Per Capita
OECD 9487 1635 734 3,135 | 14,853 ar.1 18.3
Eastern Europe/USSR 5046 911 236 710 | 6,878 17.2 16.5
Poland 482 123 18 64 636 1.6 17.1
Centrally Planned Asia 2,775 1,284 224 90 | 4,369 10.9 3.8
China 2168 1,028 160 55 | 3410 8.5 33
Middle East 524 69 18 40 650 1.6 5.9
Africa 2005 635 180 200 | 3,020 7.5 5.3
Zaire 132 28 15 11 186 0.5 6.1
Latin America 3280 985 331 140 | 4,730 11.8 11.8
Brazil 1394 482 155 46 | 2077 5.2 15.7
Mexico agt 8 29 29 526 13 €.4
Rest of Central America 206 49 25 9 288 0.7 1.4
South and East Asia 2,832 2187 26 270 | 5572 13.9 4.0
Indla 495 1,011 56 39 | 1,602 4.0 2.1
Indonesia 789 294 93 58 1,234 3.1 75
Pakistan 50 81 7 34 171 0.4 1.8
Philippines 240 101 27 19 ag7 1.0 7.1
Thalland 394 227 44 18 683 17 13.2
WORLD 25949 7,707 2,020 4,580 | 40,270 100.0 8.3

NOTE: Because of rounding, sums of regional emissions may not exactly equal totals shown.

% Includes emissions from fossil fue! use, tropical and temperate deforestation and reforestation,
and cement production.

® Includes emissions from rice paddies, livestock, fossil fuel production, biomass buming, and
landfills.

¢ Includes emissions from fertilizer use, land clearing, biomass buming, and fossii fuel combustion.

9 Includes CFC-11, CFC-12, CFC-113, HCFC-22, Halon 1301, carbon tetractiioride, and methyi
chioroform.

Sources: Marland et al. (1989);' Houg gnon et al. (1987);2 Cicerone and Oremland (1989);2 IRRI
(1986)‘3 Lemer et al. (1988);” Fung and Matthews pers, commblnlcaﬁon Crutzen et al.
(1979): Blnqemer and Crutzen (11987) United Natlons (1987);° Bolle et al. (1986 h
FAO (1987), 0 u.s. EPA (1988);'" Shine et al. (1990);'2 Zachariah and Vu (1988);
FAO (1986).'5
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23 EMISSIONS OF THE MAJOR GREENHOUSE GASES
2.3.1 Carbon Dioxide

Carbon dioxide is the most abundant and the single most important greenhouse gas (other than
water vapor) in the aimosphere. Giobal anthropogenic emissions of CO, in 1985, resulting from fossil fuel
combustion, deforestation, and cement production, totaled 21,000-29,000 million metric tons
(MMT)."21812 The uncertainty in the estimate of total CO,, emissions is primarily due to large uncertain-
ties in the emissions due to deforestation. Of the total emissions, fossil fuel combustion was responsible
for 65-90%, cement production was responsible for 1.5-2%, and deforestation for 7-33% (Figure 2-2).'

Commercial fossil fuel consumption accounts for 65-80% of the total CO, emissions from
anthropogenic sources. The OECD accounts for almost one-half, and the A.l.D.-designated key countries
account for nearly 20% of giobal CO,, emissions from commercial energy use (see Table 2-3).

Deforestation from clearing of lands for agriculture, fuelwood, and other purposes is responsible
for approximately 7-33% of the anthropogenic CO, emissions. About 95% of the CO,, emissions from this
source result from deforestation in the tropics. Six countries were responsible for over half of the tropical
release in 1980: Brazil, Indonesia, Colombla, the Ivory Coast, Thailand, and Laos.2 Estimates of CO,
emissions from deforestation range from about 8% to 50% of CO, emissions from fossil fuel combustion.
This wide range Is due to uncertainties in the annual reglonal rates of deforestation, the amount of carbon
stored in different types of biomass, and the fate of the biomass cleared. Additional satellite mapping and
ground measurements will be required to decrease this uncertainty. Forests play a key role as a major
reservoir of carbon. While forests can act as a sink for carbon, increased cutting releases carbon which
contributes to greenhouse gas emissions. This is precisely why Brazil with its large forest base is listed

* The estimate of emissions resulting from deforestation is based on rates of land clearing for 1980.
Two recent studies conducted by FAO and WRI provide more conclusive data regarding the rates of
tropical deforestation. Preliminary results of the FAO "Forest Resources Assessment 1990° project show
that estimated 1981-1990 deforestation rates are 17.0 million ha/yr (42 milllon acresfyr). This estimate,
which is grounded on two base years (1980 and 1990), is approximately 50% higher than the original FAO
estimate of 11.3 million ha/yr (28 million acres/yr), which is predicated on the single base year of 1980.
The recently published WRI World Resources 1990-91 report gives a somewhat higher rate of tropical
deforestation of 20.4 million ha/yr (50 million acres/yr), which is based on recent data obtained from nine
selected countries (Brazil, Carneroon, Costa Rica, India, Indonesia, Myanmar, Philippines, Thailand, and
Viet Nam). These studies indicate that rates of tropical clearing have increased by as much as 50-90%
over the last decade, and therefore that current emissions of CO, from deforestation are much higher than
was estimated in 1980. WRI quotes a range of annual deforestation rates in Brazil's Amazon of 1.7-8.0
million hectares/yr, but usas 8 million hectares/yr as the most recent estimate. Recent Brazilian data
suggest a linear rate of deforestation of 25,000 kmzlyear (2.5 million ha/year) +20%.
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FIGURE 2-%
CURRENT CARBON DIOXIDE EMISSIONS
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NOTE: The deforestation bar outlined with a dashed line Illustrates the uncertainty in the estimate for
emissions from this source (see footnote on page 2-6).

Sources: Marand et al. (1989);' Houghton et al. (1987);2 Detwiler and Hail (1988).'®
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TABLE 2-3

COMMERCIAL ENERGY CONSUMPTION,
CO, EMISSIONS, AND CARBON INTENSITY

1985
Fossil Fuel Fossil Fuel
Primary Energy Co, Carbon CC, Emissions
Consumption (EJ)* Emissions Intensity Per Capita

REGIONS Oil Gas Coal Otheri (MMT CO,) | (MMT CO,/EJ) | (Tons CO,/cap)
OECD 68.50 29.08 34.17 2745 9,180 57.7 113
Eastern Europe/USSR  23.11 21.68 2570 5.04 4,860 64.3 11.7

Poland 0.90 040 4.00 0.00 440 83.0 1.2
Centrally Planned Asia  4.56 0.50 18.01 8.19 1,990 63.7 1.9

China 3.97 0.50 16.89 7.68 1,940 66.8 19
Middie East 5.28 222 010 0.35 490 61.6 4.4
Africa 3.69 115 333 6.31 610 453 1.6

Zaire 0.03 - 0.01 0.39 3 7.0 0.1
Latin America 8.80 263 077 6.94 810 42.3 2.0

Brazil 1.67 005 037 3.86 150 252 1.1

Mexico 279 090 0.14 0.65 250 55.8 3.0

Rest of Central America 0.18 - - 0.40 10 17.2 04
South and East Asia 7.56 126 4.37 845 980 453 0.7

India 1.62 0.14 262 3.74 360 44.3 0.5

Indonesia 0.96 021 004 0.61 80 44.0 0.5

Pakistan 0.32 032 0.05 0.54 40 32.5 0.4

Philippines 0.37 . 005 0.52 30 31.9 0.5

Thailand 0.45 0.10 0.06 0.02 40 63.5 0.8
WORLD 12149 5850 8644 61.72 18,900 57.6 3.9

* 1 EJ = 1 Exajoule = 10'° joules = 0.95 x 10'® Btus,

® Other includes nuclear, hydro, geothermal, commercial and non-commercial biomass, and solar.

Sources: Marland et al. (1989);' United Nations (1987);® Meyers and Leach (1989);' Zachariah and

Vu, (1988).14
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as an A.l.D.- designated key country and why the continued protection of Zaire's forest area is so
important.

2.3.2 Methane

Current emissions of methane are 8,400-13,440 MMT/yr on a CO,-equivalent basis; approximately
60-70% is anthropogenic.>'? Natural sources include wetlands, termites, oceans, and freshwaters;
anthropogenic sourcss include paddy rice cultivation, enteric fermentation in domestic animals, coal
mining, natural gas leakage, biomass buming, landfilling of organic wastes, and a small amzunt from
incomplete combustion of fossil fuels (Figure 2-3). Estimates of emissions from each sourcs are highly
uncertain due to lack of data (e.g., measurements of CH, emissions from Asian rice paddies, data on the
amount of leakage from natural gas distribution systems)

FIGURE 2-3
CURRENT METHANE EMISSIONS

8,400
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NOTE: The bars outlined with a dashed line illustrate the uncertainty in estimates of emissions from these
sources.

Source: Cicerone and Oremiand (1989);% Shine et al. (1990).'
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Anaerobic decomposition of organic material in flooded rice fields and enteric fermentation in
domestic animals are responsible for 20-50% and 20-35%, respectively, of the total anrual anthropogenic
CH, emissions. Over 90% of the global rice acreage and production occurs in Asia, primarily in the
developing countries of this region. In 1984, China, India, indonesia, Bangladesh, and Thailand together
accounted for about 75% of the harvested area and production.* Dom:estic animals that produce the bulk
of the CH, are (in decreasing order, based on amount of CH, produced) non-dairy cattle, dairy cows,
buffalo, goats, sheep, camels, pigs, and horses. Currently, approximately 57% of CH, from domestic
animals comes from non-dairy cattle and 19% from dairy cows. Domestic animals in six countries - India,
the USSR, Brazil, the U.S., China, and Argentina - produce over 50% of the global annual CH, emissions

from this source.’

2.3.3 Nitrous Oxide

Nitrous oxide emissions levels are uncertain. Current global emissions are estimated at 5,000-
7,750 MMT/yr on a CO,-equivalent basis.®'2'® Natural sources, which release about 60% of the emis-
slons, inciude soils and the oceans. Anthropogenic emissions resuit from land-use modification (biomass
buming and gain in cuitivated land), use of nitrogen fertilizers, and fossil fuel use (Figure 2-4). Aquifers
and surface waters, contaminated from fertilizers and animal and human wastes, may also release signifi-
cant amounts of N,0.°

FIGURE 24
CURRENT NITROUS OXIDE EMISSIONS
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NOTE: The bars outiined with a dashed line illustrate the uncertainty in estimates of emissions from these
sources.

Source: Bolle et al. (1986);% U.S. EFA (1990);' Shine et al. (1990).2
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Use of nitrogen fertilizers, the most abundant fertilizer nutrient consumed worldwide, contributes
10-30% of the total anthropogenic N,O emissions. Asia, Western Europs, Eastem Europe, and North
America together consumed about 85% of the world's nitrogen fertilizers in 1985/1986. The twelve largest
consumers (in decreasing order) are China, the USSR, the U.S.,, India, France, the United Kingdom, West
Germany, Indonesia, Poland, Mexico, Canada, andA Italy. Together, these countries account for almost
75% of the annual nitrogen fertilizer consumption.'®

2.3.4 CFCs and Halons

CFCs and halons are man-made chemicals that are produced and used almost entirely by the
OECD countries (Figure 2-5). CFCs are used to produce plastic foam, as aerosol propellants and refrig-
erants, in medical sterilization, and as solvents in the manufacture of electronic components. Halons are
used principally in fire extinguishers. CFC demand in the developing world is expected to grow in the
future as demand for refrigerators and air-conditioners grows.

Because of concemn about the effect of these chemicals on stratospheric ozone, an intemational
agreement to reduce their emissions (The Montreal Protocol on Substances the Deplete the Ozone
Layer," or the Montreal Protocol) was signed in 1587. Under this agreement, developing countries with
low levels of per capita use are permitted to delay their compliance for up to ten years. The Protocol was
recently strengthened in June 1890, when an intemnational agreement was reached to completely phase
out production of the major CFCs and halons by 2000, and production of carbon tetrachloride and methy!
chloroform by 2000 and 2005, respectively. Undar this new agreement, developing countries will be al-
lowed a 10-year grace period for compliance, and an international fund will be set up to assist them in
their transition to CFC-free technologies.

2-11
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FIGURE 2-5

CFC-11 AND CFC-12 PRODUCTION/USE
FOR VARIOUS COUNTRIES IN 1985
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CHAPTER 3

POTENTIAL CONTRIBUTIONS OF DEVELOPING COUNTRIES TO GREENHOUSE GAS EMISSIONS
ASSUMING NO POLICY ACTIONS

SUMMARY

The basis for examining the potential contributions of the developing countries to greenhouse gas
emissions are the emissions scenarios used by the IPCC. Designed to meet specific targets (doubling
of equivalent CO, concentrations) by certain future dates, variants of each scenario to reflect higher and
lower rates of economic growth are presented. A *business as usual' scenario, in which no major
greenhouse gas emission control policies are implemented, projects the share of greenhouse gas
emissions attributable to the developing countries from energy, forestry, agriculture, and industrial
activities at over 50% of global emissions by 2025. In most of the A.LD.-designated key developing
countries, assuming no policy response to climate change, greenhouse gas emissions rapidly increase
by 2025 with major contributions from energy activities, deforestation, agricultural activities, and CFC
usage.

3.1 INTRODUCTION

Future greenhouse gas emissions from Eastem Europe, the USSR, and the developing countries
will depend on future population growth, economic growth, the amount and types of energy consumed,
and the rates and scale of adoption of new policies and technologies. These in tum will be affected by
the extent of international financial and technological assistance. This study uses the greenhouse gas
emission scenarios developed by the IPCC." These scenarios were developed to evaluate the
consequerices of a wide range of future greenhouse gas emission projections. The scenarios were devel-
oped from two different sources:

» At an IPCC meeting held in Paris in April 1989, representatives of several
countries agreed to prepare a study of future energy use and greenhouse gas
emissions for their own countries, including an examination of potential policy
options to reduce emissions. The IPCC refers to this scenario as the "EIS/AFOS
Reference case".! According to the IPCC, these studies have not been
officially endorsed by the participating countries and, as a result, should be
viewed as preliminary assessments by country experts representing their "best
guess' on future energy and emission trends for their respective countries.
Some of the individual country assumptions in this reference case are
discussed on pp. 3-7 through 3-14.

" Scenarios developed by tha Enargy and Industry Subgroup (EIS) and the Agriculture, Forestry, and
Other Human Activities Subgroup (AFOS) of the Response Strategies Working Group (RSWG) of the
IPCC. '
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+ The Response Strategies Working Group (RSWG) of the IPCC formed an expert
group, consisting of representatives of the United States and the Netherlands,
to develop scenarlos of future emissions of greenhouse gases. Thesse initial
reference scenarios provided guidance for the various working groups of the
IPC(; they will be referred to as the "Task A* scenarios.?

The Task A scenarios describe a series of alternative greenhnuse gas emission trends that lead
to different rates of atmospheric buildup of greenhouse gases and hencs, differences in the rate and
magnitude of climate change. The scenarios specify specific targets of atmospheric concentrations by
certain future dates. They ara:

e 2030 Emissions Scenario: equivalent CO, concentrations reach a value double
that of pre-industrial atmospheric concentrations of CO, by 2030.

* 2060 Emissions Scenario: equivalent CO, concentrations reach a value double
that of pre-industrial atmospheric concentrations of CO, by 2060.

»  Control Policies Scenario: equivalent CO, concentrations reach a value double
that of pre-industrial atmospheric concentrations of CO, by 2090 and stabilize
thereatter.

» Accelerated Policles Scenario: e‘qulvalent CO, concentrations stabilize at a
level less than a doubling of pre-industrial atmospheric concentrations of CO,,.

For each of these scenarios, two cases were developed to reflect higher and lower rates of economic
growth. These variants are referred to as the Higher Growth and Lower Growth cases. Key assumptions
for each scenario are provided in Table 3-1.

Also included is the EIS/AFOS Reference case, which has the most rapid buildup of greenhouse
gas concentrations. The IPCC has developed the EIS/AFOS Reference case and the 2030 Emissions case
using baseline conditions that assume extrapolation of current trends and planned programs, while the
remaining cases of 2060 Emissions, Control Policies, and Accelerated Policies assume some policy
actions by the international community to reduce greenhouse gas emissions. The differences among these
cases can be illustrated best by comparing the global primary energy mix reflected in each scenario. As
shown in Figure 3-1, the two *business-as-usual' scenarios indicate very rapid increases in energy
demand, dominated primarily by the use of fossil fuels, particularly coal. Assuming that global policy
actions are taken to respond to climate change, however, global energy demand grows much more slowly
and is increasingly dominated by non-fossil fuels (Figure 3-2).
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TABLE 3-1
CHARACTERISTICS OF IPCC SCENARIOS

T o e @m—————_—_—_———_—_
Level of
Greenhnuse Gas
Energy Emission
SCENARIO ||Energy Supply®| Demand® Controls® | CFC Status® | Deforestation! | Agricutture®
EIS/AFOS Carbon- Business as Modest; Protocollow |Mcderate Current
Reference intensive usual business as compliance trends
Case® usual
2030 Carbon- Business as Modest; Protocol/low |Rapid/ Current
Emissions |l intensive usual business as compliance |Moderate trends
usual
2060 Major switch to {High degree of |Stringent Protocol/full | major Current
Emissions | natural gas energy compliance |reforestation |trends
efficiency

Control Major phase-in |High degree Stringent Total Major Declining
Policies of non-fossil of energy phaseout reforestation |factors

sources efficiency
Accelerated || Major phase-in [High degree Stringent Total Major Declining
Policies of non-fcssil of energy phaseout reforestation |factors

sources efficiency

® Because the EIS/AFOS scenario was constructed with the aid of experts from many countries, the assumptions as
defined here may not exactly match the specific descriptions provided below. However, the assumptions are
qualitatively very similar to these specific descriptions.

® For the Carbon-intensive cases, energy supgly is dominated by fossil fuel technologies. For the 2060 Emissions
case, fossil fuels continue to play a major role, but the natural gas share of the energy supply market is increased.
For the Control Policies case, non-fossil technologies become economic in the latter part of the next century and
supply most primary energy needs after 2075. For the Accelerated Policies case, non-fossil technologies play a much
larger role starting in the early part of the next century.

¢ In the Business as Usual cases, the annual rate of improvement in energy intensity (or primary energy use per dollar
of GNP) decreases from an initial value between 1.0% and 1.5% to an average value of 0.7% to 1.2% for the years
2075 to 2100. The average arinual rate of improvement in energy intensity for the years 1985 to 2100 ranges
between 0.8% and 1.3%. In the High Degree of Energy Efficiency cases, the annual rate of improvement in energy
intensity decreases from an initial value between 1.5% and 2.5% to an average value of 1.1% to 1.8% for the years
2075 to 2100. The average annual rate of improvement in energy intensity for the years 1985 to 2100 ranges
between 1.2% and 1.9%.

(Notes continue on following page)



NOTES FOR TABLE 3-1 (continued)

9 In the Modest Controls cases, current emission control technologies are assumed. In the Stringent Controls cases,
the following controls are assumed: more stringent NO, and CO controis on mobiie and stationary sources, including
all gas vehicles using three-way catalysts (in OECD countries by 2000 and in the rest of the world by 2025); from
2000 to 2025 conventional coal bumers used for electricity generation are retrofit with low NO, bumers, with 85%
retrofit in the developed countries and 40% in developing countries; stasting in 2000 all new combustors used for
electricity generation and all new industrial boilers require selective catalytic reduction in the developed countries and
low NO, bumers in the developing countries, and after 2025 all new combustors of these types require selective
catalytic reduction; other new industrial non-boiler combustors such as kiins and dryers require low NO, bumners after
2000,

® In the Protocol/fLow Compilance cases, the Montreal Protocol is assumed to come into force and apply through
2100, with 100% participation by the U.S. and developed countries and 85% participation by developing countries.
The assumptions are the same in the ProtocolFull Compliance cass except that all countries participate. In the
Phaseout cases, CFCs and halons are completely phased out by 2000, and production of CCl, and CH,CCl, are
frozen with 100% participation.

'Tropical deforestation increases gradually in the Moderate case, from 11 million ha/yr in 1985 to 15 million halyr by
about 2100. Tropical deforestation increases exponentially in the Rapid case, reaching 34 milllon ha/yr in about 2050,
with almost complete tropical forest deforestation by about 2075. In the Reforestation cases, deforestation stops by
2025, and about 1,000 million ha are reforested by 2100.

9 Levels of activity for the major agricuttural activities were not varied among scenarios, becauso population levels
were not varied. Emission factors, however, were changed arnong scenarios. Current estimates of average emission
factors were used in the Current Trends cases, while reduced factors (assuming technological and management
improvements) were used in the Declining Factors cases.
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FIGURE 3-1
GLOBAL PRIMARY ENERGY MIX: BASELINE CASES
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FIGURE 3-2
GLOBAL PRIMARY ENERGY MIX: TASK A SCENARIOS

(Avora_go for Higher and Lower Growth Cases)
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Projected emissions for all five scenarios and the resulting atmospheric concentrations are shown
in Figure 3-3. Figure 3-3(b) shows the year when the atmospheric concentration of CO, reaches twice
the pre-industrial level. This is an arbitrary level often used by climate experts. Its choice reflects a series
of reviews by the National Academy of Sciences®** that concluded that the sensitivity of the climate
system to a doubling of CO, s probably in the range of 1.5 to 4.5°C. The rate and magnitude of climate
change° associated with the cases in which few or no steps are taken to reduce emissions - the
EIS/AFOS Reference and 2030 Emissions cases - represent a significantly greater climate threat to the
global community than the policy cases — 2060 Emissions, Control Policies, and Accelerated Policies.

3.2 EMISSIONS ASSUMING NO RESPONSE TO CLIMATE CHANGE

Greenhouse gas emissions from non-OECD countries will continue to rise rapidly if no policy
actions are taken by the international community. The two base case scenarios - the EIS/AFOS Refer-
ence case and the 2030 Emissions case - illustrate this. A summary of the emissions from energy use,
deforestation, CFC use, and agricultural activities by region and key countries is shown in Table 3-2 for
1985 and 2025. For the base case, by 2025 the global shars of greenhouse gas emissions from develop-
ing countries increases from one-third to one-half. On a per capita basis, however, the deveioping
countries still produce substantially less than the industrialized countries, e.g., 3-15 times less per capita
than the U.S.

3.21 Emisslons from Energy
Energy Emissions by Region

The largest source o: greenhouse gas emissions is fossil fuels. In the IPCC scenarios, annual
global primary energy supply increases from about 306 exajoules (EJ) in 1985 to 473 EJ (2030 Emis-
sions/Lower Growth) and up to 737 EJ (EIS/AFOS Reference) by 202s." Historically, globa! energy
requirements have been met primarily with fossil tuels; in the IPCC scenarios presented here, where no
actions to respond to climate change are assumed, fossil fuels continue to be the dominant energy
source, supplying over 80% of total energy requirements through 2025. Energy consumption in the non-
OECD countries follows a similar pattam as their economies and populations continue to expand: their
percentage of global energy consumption increases from about 47% in 1985 to 53-66% by 2025 (Table
33).

* 1 Exajoule = 1 EJ = 10'® joules = 0.95 10'® Btus.
3.7



FIGURE 3-3

GREENHOUSE GAS EMISSIONS AND
RESULTING ATMOSPHERIC CONCENTRATIONS
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TABLE 3-2

EMISS!ONS FROM MAJOR GREENHOUSE-GAS-PRODUCING ACTIVITIES: BASELINE CASES

(million metric tons on CO,-Equivalent Basls)

CO,, from Energy® CO, from Deforestation CFCs® CH, from Rice CH, fiom Animals N.O from Fertilizer Total Tons Per Capita
1985 2025 1985 2025 1985 2025 1985 2025 1985 2025 1985 2025 1985 2025 1885 2025
Unlited States 5,100 6,200-7,700 - - 1,35 1,675 17 21 208 267 128 156 6,801 8,319-9,819 28 29-34
OECD Europe/Canada 2,900 4,000-5,100 - - 1,275 2,340 15 15 3n 397 136 268 4,637 7,020-8,120 1 14-17
OECD Pacific 1,100 1,500-2,200 - - 510 935 38 27 97 168 1 16 1,756 2,646-3,348 12 16-20
Eastern Europe/UGSR 5,100 8,400-10,300 - - 710 1,735 34 38 277 344 142 268 6,263 10-783-12,683 15 21-25
Poland 438 835 - - - - - - - - - -
Centrally Planned Asia 1,900 3,700-7,300 20 250-660 80 650 674 687 145 279 139 230 3,168 5,796-9,806 3 36
China 1,844 6,303 - - - - 561 57i 134 254 129 2i1
Middie East 400 1,800-2,600 - - 40 275 13 17 21 59 11 27 485 2,178-2,978 4 8-11
Africa 700 700-2,800 620 660-1,210 200 1,400 55 118 107 277 25 as 1,707 3,248-5,938 3 2-4
Zalre - - - - - - - - - - - -
Latin America 700 1,500-3,300 1,280 1,850-3,040 140 930 124 147 200 441 33 93 2477 5,121-8,011 8 7-11
Brazii 150 473 - - - - 88 78 57 x 8 14
Mexico 249 730 - - - - 2 4 23 63 13 48
Rest of Central America - - - - - - 34 63 59 178 12 28
South and East Asia 1,100 1,800-5,800 550 630-1690 270 1,890 1,331 2,058 212 384 29 427 3,562 7,187-12,347 2 35
India 359 2273 - - - - 653 1,084 111 189 53 144
Indonesia 81 517 - - - - 153 302 10 23 12 155
Pakistan - - - - - - 25 M 34 81 13 75
Philippines - - - - - - - - - - - -
Thalland - - - - - - - - - - - -
World 19,100 29,700-45,500 2,670 3,5008.600 4,580 11,890 2,297 3,124 1,576 2,617 723 1,580 30,946 52,411-77,311 8 6-9

NOTE: Several major emissions-preducing activities are accounted for, but many of the smaller source categories Identified In Table 2-2 are not Included. Estimates for 2025 are taken from the
2030 Emissions scenario, except for the CO, estimates from snergy, which also include the results from the EIS/AFOS Reference case. The emissions estimates for 1985 may differ slightly from
the 1885 estimates presented in Chapier 2 since the estimates used in this chapter derive from a series of individual modelling analyses rather than from a single source such as U.N. Energy

Statistics. The differences are generally very minor.

* The CO, emissions ltemized in this table do not Incl::de emiasions from cement production.

® Includes CFC-11, CFC-12, CFC-113, HOFC-22, CCl,, CH,CCl,, and Halon 1301.

Sources: U.S./Japan Expert Group Report (1990);' Task A Report (1990).2
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TABLE 3-3
ENERGY USE AND CO,, EMISSIONS IN THE BASELINE SCENARIOS

ENERGY USE (EJfyr) CO, EMISSIONS (MMT /yr)
2025 _2025
2030 Emissions 2030 Emissions"
EIS/AFOS Lower Higher EIS/AFOS Lower Higher Tons CO,/
REGIONS 1985 Reference Growth Growth| 1985 Reference Growth Growth Capita
United States 772 11 964 1112 | 5100 7,700 6200 7300 21-26

OECD Europe/CanadaH 62.9 103 771 91.7 | 2900 5,100 4,000 4,800 8-11

OECD Pacific 192 39 221 249 (1,100 2200 1500 1,500 913

Eastem Europe/USSR| 749 168 1286 1432 | 5100 10,300 8400 9900 17-19

Centrally Planned Asial 245 88 462 879 | 1,900 6600 3700 7,300 24

Middle East 77 43 286 344 | 400 2600 1,800 2200 69

Africa 87 46 128 316 | 700 2800 700 2200 052

Latin America 157 49 324 658 700 2200 1,500 3,300 23
82

South and East Asia | 15.1 286 664 | 1,100 5,900 1,800 4,400 0.7-24
TOTAL 305.9 737 4727 8571 |19,100 45500 29,700 42,900 4-6

Sources: U.S./Japan Expert Group Report (1990);' Task A Report (1990).2

As a result of major increases in fossi energy consumption, CO, emissions from energy activities
in non-OECD countries increase from 9,800 million metric tons (MMT) CO, in 1985 to 17,900-29,300 MMT
CO, by 2025. This increases the percentage of giobal CO, emissions attributable to energy activities in
non-CECD countries from just over 50% in 1985 to 60-58% by 2025, depending on the scenario. On a
per capita basis, however, the developed countries continue to produce much higher levels of CO,
emissions: 8-26 tans CO,/capita for the OECD countries; 17-19 tons CO,/capita for Eastem Europe and
the USSR; and 0.5-9 tons CO,/capita for the developing countries.

Energy Emissions by Country

The only study for which analyses of greenhouse gas emissions from individual countries was
provided was the EIS/AFOS Reference case. The study for China was prepared by government represen-
tatives on a preliminary basis, while the remaining country studies were prepared by independent experts
and submitted to the IPCC for consideration at its proceedings. Table 3-4 summarizes major parameters
for the key countries for which data were available.
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TABLE 34

SUMMARY RESULTS FROM THE EIS/AFOS REFERENCE CASE:

KEY COUNTRIES
Primary Energy CO, Emissions
{exajoules) (mlllion tons co,)
GDP Growth AAGR* ~ "AAGR®
(index) EIS/AFOS (%) EIS/AFOS (%)

Country 1985 2025 1985 2025 1985-2025 1985 2025 1985-2025
Brazil 100 358 6.0 15.2 2.7 150 473 29
China® 100 877 29.0 86.0 2.8 1,844 6,303 3.0
india 100 669 8.1 36.6 3.8 359 2,273 4.0
Indonasia 100 332 1.8 9.3 4.2 81 517 44
Mexico 100 396 45 12.0 2.5 249 730 2.5
Poland 100 296 5.3 11.4 1.9 436 935 1.9

% AAGR - average annual growth rate in percent/year.
b China is not an A.l.D.-designed "key country,” but Is included because of its size.

Source: U.S./Japan Expert Group Report (1990).

3.2.2 Emissions from Deforestation

The CO, emissions resulting from tropical deforestation are summarized in Table 3-5."
Deforestation from temperate regions is assumed to be balanced by reforestation. In both of the
scenarios developed by the IPCC, rates of deforestation were developed only for the broad regional
groupings of Latin America, Africa, and Asia; no country-specific estimates were presented.

3.2.3 Emissions from CFCs

CFCs are controlled under the terms of the Montreal Protocol, which requires significant
reductions in the use of these chemicals to reduce the threat to the stratospheric ozone layer. CFC
emissions are expected to be greatly reciuced in the future, although the amount in use will depend on

* The level of CO, emissions from deforestation is subject to considerable uncertainty because of
differing assumptions conceming the amount of carbon in the above-ground biomass and the use of the
land after it is deforested, among other factors. For these scenarios the IPCC used a lower ostimate of
carbon stored in the biomass. For the EIS/AFOS scenatio a mid-range estimate was used beginning with
1985 emissions of CO, from deforestation at ca. 6,200 10%t CO,. No regional estimates of deforestation

were provided.
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" BRAZIL | I ' BASE CASE SCENARIO (1985-2025)

Electrification is expected to reach 100% in citles and 50% in rural area households.
Based on historical trends, production levels for the industrial sector are held constant on
a per capita basis. Brazilian industries are assumed to maintain the fuel switching flexibility
instituted during the last few decades. Current irends in the mix of fuels are maintained,
including a decline in the use of fuelwood, a modest rise in the use of natural gas and
electricity, stabilization in the use of oil, and penetration of coal and charcoal in specific
industrial end uses. Current trends in efficlency improvements continue based on the best
technology available today in the Brazilian market. In the transport sector, the demand for
increased mobility is satisfied with increased ownership of motorcycles,

Residential energy use grows at the slowest rate, with its share of final energy
demand decreasing from 20% in 1985 to 12% by 2025, Transportation energy use grows
at the fastest rate, from 1.2 Ed in 1985 t0 3.8 EJ in-2025. Natural gas plays a much larger
role, with major increases in residential use, industrial use, and electricity generation,
Natural gas used for electricity generation grows from zero in 1985 to over 2 EJ In 2025
{34% of primary energy use for electricity generation). Hydro energy use increases from
1.8 EJ in 1985 to 3.4 EJ In 2025, atthough its share of electriclty generation drops from
92% to 57%. As a result of these increases in primary energy use, CO, emissions grow
from 150 MMT CO,, in 1985 t0 473 MMT CO,, in 2025. -

CHINA BASE CASE SCENARIO (1985-2025)

Population growth rate is 0.8%/yr. This assumes that the govemment's policy of
holding growth ta one child. per family wili succeed in the urban areas but not in the rural
areas. Income per capita reaches $2,000 (U.S.) by 2025. Energy demand is increasing
less rapidly than economic growth. The energy/GDP elasticity has been about 0.5 during
much of the 1980s. About one-third of the reduction in energy intensity was achieved
through a shift to production of less energy-intensive products. Despite these
improvements, the unit energy consumption of most production processes remains
inefficient. Steel production requires almost twice as much energy per unit of output as in
the U.S. Similar disparities exist for other industrial goads, for space heating, and cther
end uses, ‘

The base case scenario assumes that by 2025 China wilt achieve energy efficiencies
comparable to those of the OECD today.  Despite these improvements, domestic
resources appear inadequate to meet projected energy demand. Coal. production
increases to about 2.9 billion tonsfyear, close to the total coal mined in the world today.
QOil demand is sufficiently high o require oil imports and production of synthetic oil. The
combustion of fossil fuels at this level is assumed to fead to serious environmental and
capital availability problems. C('J2 emisslons grow from 1,844 MMT in 1985 to 6,303 in
2025, slightly faster than growth In primary energy use. Industrial energy use continues to
dominate final energy uses and increases its share of final energy use from 44% in 1985 to
50% in 2025. Transportation energy use increases at the fastest rate, from 1.3 EJ in 1985
to 8.4 EJ in 2025. Natural gas and nuclear energy increase their role by 2025, but coal
continues as the dominant fuel, increasing its share of primary energy use from 58% in
1885 to 69% in 2025. Use of biomass declines from 6.6 EJ in 1985 to 3.4 EJ in 2025.

3-12
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INDIA BASE CASE SCENARIO (1985-2025)

In the EIS/AFOS Reference scenario, GDP grows at an average annual rate of 4.9%
frorn 1985 to 2025. The population growth rate is assumed to be 1.4%/year. This
assumes that the govemment's policy of family planning will be moderately successful.
Income per capita reaches $1,7.00 (U.S.) by 2025. .

Recent history indicates that energy demand has increased somewhat faster than
econornic growth. Tnis has led to a 40% increase in the energy/GDP ratio betwsen 1970
and 1987, The increase was caused by substitution of biomass fuels by modem fuels and
by increased usa of oil for transportation and electricity for agricufture. The unit energy
consumption of mast production processes is much higher than that of the industrialized
countries. For example, steel production requires almost twic as much anergy per unit of
steel oulput as that in tha US. Similar differences sxist for cther industrial goods,
houschold appliances, and other end usss. The potential for improving efiiclency s
substantial. ‘ B

The scenario assumes thet with efficiency improvements the energy intensity of the
economy will decling to the same level as in 1884, Improvements In.energy offi .
reduce unit energy consumpticn to below the levels seen in the industrializad countries
today. Despite thesa improvements, the domestic resources of the country are inadequate
to meet projected energy demand. Coal production increases to about 780 millicn tons, of
about fiva times the amount mined in 1988. Ol demand &8 high ‘anough to requira’
increased oil imports, on the order of 5.8 million barrels of off per year. The combustion of
fossil fuels at this level is assumed to lead to serious environmental and caphal avaliability
problems. o e R '

Overall, primary energy grows at an :annual rate of 3.8%, from 8.1 Ed in 1986 t0 36.6 -
Ed in 2025, CO, emissions grow from 358 MMT CO, in 1985 to 2,273 MMT CO, in 2025.
Most of the growth in final energy use Is in the services, industrial, and transportation
sectors, with energy use in the transportztion sector growing from 0.9 £J In 1985 to 7.3 EJ
in 2025. The EIS/AFOS Referance case assumes only 15% improvement for the steel
industry in India by 2025. Coal use grows from 82% of primary energy use in 1985 t0 41% -
by 2025. Use of biomass, which accounts for 37% of primary enargy In 1585, ‘grows. . -

modestly through 2025 where it accounts for only 10% of primary energyuse. ~ =

INDONESIA | o 7,5"35'%35}3(3?‘%&%? "

in the EIS/AFOS Reference scenarfo, GDP-grows of an average
from 1986 to 2025, with primary energy growing @ an annus} st
peried. Uniike the other developing: courtiries, this rapresonte:
intensity due in large pant to a restructwing of the: economy
intensive industry.  This 8 due: to- an' axpiicit- strategy  of

development through exploltaticn of domestic & resourcis st basic for

export of products rather than raw materials, CO, emissions incresse from 81 MMT CQ in -+

1985 to 517 MMT CO, in 2025, In this time frame, use of blomess, while'incroasing, drops

from 27% of primary ¢ ergy in 168510 11% i 2025.. Loal Increase i
-energy from 2% in 1986 t0 10% in 2025. -7iw tigheet rato of Grow

~ Uanspantation sector, which consumes 0.3 £l in 1685 and
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.;:f;’::ZM:E)QCO - BASE CASE SCENARIO (1985-2025)

" GDP. grows atan average annual rate o 3 5% from 1985 to 2025. The popuiauon
il growth rate during this period Is 1.6% per year. The industrial sector is expected to shift
: .. towards non-energy-intensive manufactusing, although production levels per capita of
' -some energy-intensive:sectors continue ta increase. Scarcity of natural gas is assumed to
. require Increased use of fuet ofl,-except for power generation.  In this sector, increased uss
-+ of coal limits the contribution of local fossit fuels. Overall, pﬁmary energy grows at an

L has fallen Mm 241, giga}omans par ton Gy in ‘1978 1o 25 GJP recently. Costs of
- producing coal have been increasing, presenting the: nation with prospects of rising
. energy-cosis and energy shortages. Four sectors consums 80% of the energy used in the
[Industrial sector: iron and steel (31%), chemicals: (22%), food processing.(16%), and

© building materials and ceramics (12%).  Living space and automobile ownership is
o comparable to thatin other Eastem Eumpeancoumries.

. Asaresultof economlc growth that aveaagas 2596 t0.3,0% annually in the EIS/AFOS
- Reference scenario, primary energy use increases from 6.3 EJ in 1985 10 13.4 EJ in 2025,
‘with: growth In the building and transpoﬂatlon sectors slightly.faster than: in: the: industrial

985 to 935 MMT co2 in 2025,

‘and: hgnite. wagvef, '

. sector.  Primary use of olf grows faster than: coal or gas, lncreaslng its share:of primary
~-energy use-from 17% in 1885 to 24% In: 2025 002 emissions grow from 436 MMT 002 in
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TABLE 3-5

NET CO, EMISSIONS FROM TROPICAL DEFORESTATION
(MMT CO,/year)

Rapid Deforestation = Moderate Deforestation

REGION 1985 2000 2025 2000 2025
Latin America 1,280 2,160 3,040 1,720 1,950
Africa 620 840 1,210 660 660
Asia 770 1,250 2,350 850 880
TOTAL 2,670 4,250 6,600 3,260 3,500

Source: Task A Report (1990).2

the number of countries that sign the Protocol and the extent to which the s!3natories comply with its

provisions. The emissions levels used by the IPCC are summarized in Table 3-8. CFCs have been used

primarily by the industrialized nations. Under the terms of the Mortreal Protocol, developing countries
are entitled to increase their CFC usage to meet their industrial requirements. As a result, the share of
emissions attributable to the developing countries is expected to increase from less than 20% in 1985 to
nearly 50% by 2025 (on a CO,-equivalent basis).

3.24 Emissions from Agriculture’

Estimates for emissions from agricultural activities were developed by the Agriculture, Forestry,
and Other Human Activities Subgroup (AFOS) based on an I°CC-sponsored workshop held in December
1989 and subsequent discussions. Only one scenario that assumed no response to ciimate change was
identified. In this scenario, the rates of greenhouse gas emissinns per unit of agricultural activity (e.g.,
CH, emissions per hectare of land used for paddy rice cultivation) were assumed to remaln constant over
time. However, levels of agricultural activities (e.g., total area of land under paddy rice cultivation)
changed through time as population and economic growth occurred. The specific emissicn estimates
resulting from these assumptions are summarized in Table 3-7.
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TABLE 3-6
EMISSIONS FROM CFCs AND RELATED CHEMICALS: BAGELINE CASES

(MMT on a CO,-Equivalent Bacis)
CFC-11 CFC-12 Total CFCs
REGION 1985 2025 1985 2025 1985 2025
United States 170 65 790 520 1,350 1,675

OECD Europe/Canada 395 665 665 1,030 1,275 2340
OECD Pacific - 85 145 235 365 510 935

Eastemn Europe/USSR 120 275 520 1,110 710 1,735
Poland - - - - - -

Centrally Planned Asia 20 85 60 450 90 650
China S -
Middle East 10 275

Africa

55 40
290 115 840 200 1,400
Zaire - -

1 8

Latin America 40 205 80 590 140 930

Brazil -

Mexico -

Rest of Central America -

South and East Asia 75 355 165 1,185 270 1,900
India - - - - - -
Indonesia - - - - - -
Pakistan - - - - - -
Phillppines - - - - - -
Thalland - - - - - -

World 975 2140 2655 6260 4,580 11,890

NOTE: A dash (-) indicates information was not available.
Source: Task A Report (1990).2
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TABLE 3-7

EMISSIONS FROM MAJOR AGRICULTURAL ACTIVITIES: BASELINE CASES
(MMT on a CO,-Equlvalent Basls)

CH, from Rice CH, from Animals N.O from Fertilizer
REGION 1985 2025 1985 2025 1985 2025
United States 17 21 206 267 128 156
OECD Europe/Canada 15 15 311 397 136 268
OECD Pacific 38 27 97 168 11 16
Eastern Europe/USSR 34 38 277 344 142 266
Poland - - - - - -
Centrally Planned Asia 674 687 145 279 138 230
China 561 571 134 254 128 210
Middle East 13 17 21 59 1 27
Africa 55 116 107 277 25 95
Zaire - - - - - -
Latin America 124 147 200 441 33 93
Brazil 86 78 57 92 8 14
Mexico 2 4 23 63 13 46
Rest of Central America 34 63 59 176 12 28
South anu East Asia 1,331 2,056 212 384 99 428
India 653 1,084 111 189 53 144
Indonesia 153 302 10 23 12 155
Pakistan 25 34 34 61 13 75
Philippines - - - - - -
Thailand - - - - - -
World 2,297 3,123 1,579 2617 723

1,580

NOTE: A dash (-) indicates the information was not available,

Source; Task A Report (1990).2
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CHAPTER 4

ALTERNATIVE APPROACHES TO CONTROLLING GREENHOUSE GAS EMISSIONS
WHILE MAINTAINING VIGOROUS ECONOMIC GROWTH

SUMMARY

Significant potential exists for reducing greenhouse gas emissions in developing countries by
2025. The basis for the discussions on the potential reductions are three policy-driven scenarios — the
2060 Emissions case, the Control Policies case, and the Accelerated Policies case, Emissions from
energy-related activities would likely be reduced through a combination of energy efficiency measures,
a shift to non-fossil energy supplies, and greater reliance on less carbon-intensive fossil fuels.
Concurrently, tropical deforestation would be expected to stop through aggressive reforestation;
technological and management improvements in agricultural activities would significantly lower emissions,
and a reduction in CFC use is anticipated through full compliance with the Montreal Protocol and a total
phaseout of the major CFCs.

4.1 INTRODUCTION

This chapter discusses the potential reducticis in emissions that the intemational community,
particularly the developing countries, may be able to achieve while maintaining economic growth. The
basis for the discussion is the set of three policy-driven scenarios analyzed by the RSWG (Response
Strategies Working Group) of the IPCC in its Task A Report - the *2060 Emissions", "Control Policies*, and
*Accelerated Policies* cases.” In addition to these scenarios, policy studies on several developing
countries are included. These individual country studies have been developed by independent experts
for the IPCC as potential policy responses using the EIS/AFOS Reference scenario as a baseline. The
individual country studies presented here are preliminary and do not reflect official government positions.
They are presented to provide additional insight into the potential effect of alternative policy responses.

4.2 EMISSIONS ASSUMING POLICY RESPONSES TO CLIMATE CHANGE

Greenhouse gas emissions have been converted to a common (carbon dioxide) basis, and are
presented in Table 4-1 by region and activity for 1985 and 2025. Data for the year 2025 reflect

* The 2060 Emissions scenario is treated as a policy case in this discussion. The IPCC designed the
scenario to achieve a doubling of CO, by 2060 without specifying whether it was a policy case or not.
The IPCC did, however, indicate that the leve! of greenhouse gas emissions refiected in the scenario may
not be achievable without government intervention. Therefore, we treat this case as a policy scenario,
although it could also be viewed as a low emissions, business-as-usual case.
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TABLE 4-1

EMISSIONS FROM MAJOR EMISSIONS-PRODUCING ACTIVITIES:
POLICY CASES
(million metric tons on CO_-Equlvalent Bas!s)

CO, from Energy _ CO., from Deforsetation CFCs CH, from Rice CH, from Animals N,O from Fertillzer Total —  Tons Per Caplta
1965 2025 1985 2025 1985 2025 1985 2025 19685 2025 1985 2025 1985 2025 1985 2025
United States 5,100 2,933-4,767 - - 1350 1,5852,43% 17 19 208 218 128 121 6,801 4,884-7,558 28 20-32
OECD Europe/Canada 2,800 2,567-3,300 - - 1,275 420-1,385 15 13 311 330 138 220 4637 3,550-5,258 11 8-12
OECD Paclfic 1,100 733-1,100 - - 510 310670 33 23 97 136 11 13 1,758 1,215-1,942 12 813
Esstern Europe/USSR 5,100 3,667-8,233 - - 710 170-715 34 R an 281 142 218 6,263 4,368-7,479 15 11-18
Poland 436 - - - - - - - - - - -
Centrally-Planned Asia 1,900 3,667-5,133 220 -116 o« 20-80 674 561 145 235 139 188 3,168 4,555-6,091 3 45
China 1,844 - - - - - 561 408 134 214 129 172
Middie East 400 733-1,467 - - 40 10-40 13 13 27 43 1" 2 485 826-1,590 4 7-14
Africa 700 367-1,467 620 250 200 §5-210 55 o4 107 231 25 78 1,707 535-1,790 3 13
Zaire - - - - - - - - - - - -
Latin America 700 733-1,833 1,280 -1,100 140 40-145 124 120 200 363 33 76 2477 232-1,437 6 043
Brazil 150 - - - - - 88 63 57 76 8 1"
Mexico 249 - - - - - 2 2 23 52 13 38
Rest of Central America - - - - - - 34 52 59 145 12 23
South and Ezast Asla 1,100 1,833-2,833 550 -174 270 70280 1,331 1,682 212 338 99 350 3,562 4,097-5,407 2 34
Indla 359 - - - - - 853 888 111 168 53 118
indonesia 81 - - - - - 153 248 10 19 12 127
Pakistan - - - - - - 25 27 34 52 13 15
Phillppines - - - - - - - - - - - -
Thailand - - - - - - - - - - - -
World 19,100 17,233-28,233 2,670 -1,680 4,580 2,690-5975 2297 2554 1,576 2,178 723 818 30,858 24,262-38,552 6 58

NOTE: All estimates are taken from the 2060 Emissions, Control Policies, and Accelerated Policies cases in the Task A Report.

Source: Task A Report (1990).'



the range of projected emissions associated with the three policy scenarios. Figures 4-1 and 4-2 compare
the policy cases with the baseline cases on a regional basis. Figure 4-1 shows the regional changes in
emissions from the major greenhouse-gas-producing activities as a result of policy actions; Figure 4-2
shows the regional changes in per capita emissions.

4.2.1 Emissions from Energy Use
Energy Emissions Globally and by Region

Greenhouse gas emissions from energy-related activities can be reduced through a combination
of energy efficiency measures, shifts to non-fossil fuel energy supplies, and greater use of natural gas.
(See Table 4-1 and Figure 4-3). In the three policy scenarios, global primary energy supply increases
from 306 EJ in 1985 to a range of 374 EJ (2060 Emissions/Lower Growth) to 527 EJ (Accelerated
Policies/Higher Growth) in 2025. This compares with & range of 473-737 EJ by 2025 in the baseline
cases. While the percentage of energy requirements supplied by fossil fuels in the baseline cases was
over 80% in all cases, the percentage attributable to fossil fuels in the policy cases declines to as low as
53% by 2025 (Accelerated Policies/Higher Growth).

The overall impact on emissions of these policy actions to change energy use patterns is a
significant reduction in global CO, emissions compared to the baseline cases (Figure 4-4). In these policy
scenarios the portion attributable to non-OECD countries increases as in the baseline scenarios, but the
level of emissions are much lower: CO, emissions increase rom the 1985 level of 9,800 million metric
tons (MMT) CO, to a range of 11,4C0-18,700 MMT CO,, by 2025 compared to 17,900-29,300 MMT CO,,
in the baseline cases.

Energy Emissions in Key Countries

The key country summary presented here is taken from the individual country studies developed
for the IPCC. These studies have been developed by independent experts and do not reflect official
positions of the respective govemments. The policy options analyzed by the IPCC for these countries
focus primarily on structural economic changes, reductions in energy consumption, decreased conversion
losses when generating electricity, and shifts to less carbon-intensive fuals. Figure 4-5 shows the
changes in CO, emissions for the key countries as a result of policy actions. These policy options result
in a substantial reduction of CO, emissions in several key countries. In Poland and Brazil, emissions are
reduced by more than one-half and betwesn one-quarter and one-half in India, China, Indonesia, and
Mexico. Key county data are sumniarized below in the shaded boxes.
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FIGURE 4-1

COMPARISON OF EMISSIONS

FROM MAJOR GREENHOUSE GAS-PRODUCING ACTIVITIES:
BASELINE AND POL!CY CASES
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FIGURE 4-2

COMPARISON OF AVERAGE PER CAPITA EMISSIONS

FROM MAJOR GREENHOUSE GAS-PRODUCING ACTIVITIES:
BASELINE AND POLICY CASES

(Tons Per Capita on a CO2-Equivalent Basis)
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NOTE: The dotted portions represent the differences within the region, e.g., for 1985 in the OECD the
lower estimate of 11 tons/capita is for Westemn Europe/Canada; the upper end of the range is 28
tons/capita for the U.S. (see Table 4-1).

Source: Task A Report (1990)."
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FIGURE 4-3

GLOBAL PRIMARY ENERGY MIX: TASK A SCENARIOS

(Average for Higher and Lower Growth Cases)
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FIGURE 44

CO2 EMISSIONS FROM FOSSIL FUELS BY REGION
(Blillon Tons CO2/Year)
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FIGURE 4-5
CARBON DIOXIDE EMISSIONS
FROM ENERGY USE IN KEY COUNTRIES

(Million Tons CO2/Year)
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BRAZIL POLICY SCENARIO (1985-2025)

In the EIS/AFOS Reference scenario, primary energy use grows from 6.0 EJ in 1985 to
15.2 EJ in 2025, with CO, emissions growing irom 150 MMT CO, to 473 MMT CO,. The
IPCC study analyzed the potential to reduce growth in primary energy by 61%, resuiting in
energy use of 9.6 EJ in 2025, and to reduce growth in CO, emissions by 75% to 231 MMT
CO, in 2025," Specitically, energy efficiency and conservat/on are estimated to decrease
growth {7 tinal energy demeand by 65%. Technological efficiency is assumed to reach the
level of the best currently available in the world market. Increasing the size of appliances
offsets part of the efficiency improvement in households. Natural gas use is expected to
expand to heat production processes in all the sectors. Development of natural gas grids
in larger cities allows the substitution of gas for electricity and LPG in water heating and
cocking. Use of biomass (i.e., alcohol) for transportation is expected to increase beyond
current government plans. Growth in demand for electricity is estimated to be reduced by
60%, combined with increases in efficiency of electricity generation, this results in a 58%
decrease in the growth of energv used for electricity generation, most of which is in fossil
fuel use. Hydropower is estimated to provide 85% of the generation, an increase from
50% compared to the EIS/AFOS Reference scenario. Even at this higher share of total
generation, the total amount of hydropower required '/as less than in the EIS/AFOS
Reference scenario.

CHINA POLICY SCENARIO (1985-2025)

in the EIS/AFOS Reference scenario, primary energy use was assumed to increase

from 28 EJ in 1985 to 86 EJ in 2025, with CO, emissions increasing from 1,844 MMT CO,
to 6,303 MMT CO, during this same period. The policy objectives identified by the IPCC
are assumed to reduce the growth in primary energy use by 22%, resulting in energy use
of 73.2 EJ in 2025, and to reduce the growth in CO, emissions by 30%, resulting in
emissions of 4,987 MMT CO,, in 2025. Policies in China are aimed at reducing emissions
from energy use, including improved unit energy consumption and fue!l swilching.
Reductions in the growth in coal use are greater than total reductions in primary energy
use and occur in the industrial sector, for electricity generation, and for synfuels
production. These reductions in coal use are partially offset by increases in oil imponts,
nuclear energy, and hydro energy.

" The IPCC study participants did not evaluate specific policies, but analyzed the potential to achieve
reductions in emissions. The specific policies that would need to be adopted to achieve the objectives
evaluated by the IPCC require further analysis.

4-9



~INDIA o POLICY SGENARIO (1985-2025)

In the EIS/AFOS Reference scenario, primary energy use was estimated to increase -
from 8.1 EJ in 1985 to 36.6 EJ in 2025, with CO, emissions increasing from 358 MMT CO,
to 2,273 MMT CO, during this period. The pollcy objectives evaluated by the IPCC study
participants reduce the growth in primary energy use by 27%, resulting in energy use of
29.0 EJ in 2025, and also reduce the growth in CO, emissions by 27%, resufting in
emissions of 1, 76() MMT CO, in 2025, Key policy objectiv:s include improvements in unit
energy consumption and !uel switching. Additional improvements are assumed to be
possible in the industrial sector through policies that aadress some of the historical factors
that may have canstrained efficiency improvements, including goverment ownership of all
large infrastructure industries, the higher energy-consuming characteristics of imported
technology, and fundamental characteristics of inputs (e.g., rellance on iron ore rather than
scrap steel and the poorer-quality coais that are often utilized)., Additional improvements
are assumed to be possible through programs to promote the use ur more efficient stoves
in urban areas, which would then spread to rural areas. Decreases in demand for
electricity would reduce growth in energy use for electricity generation by 22%, mo.tly
through reductions in coalfired generation. Natural gas is assumed to be used more
extensively.

INDCNESIA POLICY SCENARIO (1985—2025)

In the EIS/AFOS Reference scenario, primary energy increased from 1.8 EJ in 1985 to‘
- 9.3 RJ in 2025, which increased CO,, emissions from 81 MMT CO, in 1985 to 517 MMT
CO, in 2025. In the policy case, pol:c:es are aimed at reducmg em:ssions and include
: Jmproved unit energy consumption and fuel switching. Growth in primary energy uss by
2025 is assumed to be reduced 21% and growth in CO, emissions by 25%. Half of the
reductions in energy use is in the transportation sector and a quarter is in the industrial
sector. Growth In coal and oil use is reduced 57% and 33%, respectively, while natural
gas is used more extensively.

MEXICO POLICY SCENARIO (1985-2025)

in the EIS/AFOS Reference scenario, primary er.3rgy was assumed to increase from
4.5 EJ in 1985 to 12.0 EJ in 2025; CO, emissions increased from 248 MMT CO,, in 1885t
730 MMT CO,, in 2026, The IPCC study participants identified policies that would reduce
growth in primaly energy use by 39% and growth in CO, emissions by 50%. Most of the
reductions were estumated to occur in the residential sector, where growth in final energy
use was reduced by 80%, primarily through the diffusion of efficlent lighting and solar
water heaters, and in the transportation sector, where reductions below 1985 levels were
asstmed to occur. Energy use in the industrial sector is affected very little. Hydro energy,
which grows from 0.2 EJ to 0.5 EJ in the EIS/AFOS Reference scenario, is used more
extensively, growing to 1.0 EJ in 2025. increases in coal use are n. Juced by 71%, and the
use of natural gas increases by 0.2 EJ in 2026 compared with the EIS/AFQOS Reference
scenario.
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_ POLAND POLICY SCENARIO (1985-2025)

The current energy saving potential has been estimated at 40% of current energy use.
Opportunities to improve energy efficiency in steel production include adoption of
continuous casting, continuous hot rolling and finishing !ines, replacement of open hearth
furmnaces by the basic oxygen fumaces, and proper use of electric arc furmaces. In
building materials production, opportunities include replacement of wet process cement
kilns with semi-dry and dry processes, broader use of enormous supplies of ash from
power stations as a cement additive, full recycling of glass scrap, and better management
of direct-fired processes in ceramics manufacture. In food processing, potentials include
switching from coal boilers to oit and gas, Major Improvements can be realiz.d by
improving the thermal performance of buildings.

Structural changes in the economy would likely yield major. reductions in energy
intensity and could be achieved at costs that are negative or zero. Such changes include
a structural shift towards less material-intensive sectors. and new energy price mechanisms
that stimulate technical energy efficiency improvements and eliminate some segments of
heavy, energy-intensive industry. Natural gas can be expected to play a larger role as
coal prices increase from elimination of price subsidies. Structural changes in the
economy alone are estimated to reduce the growth In CO, emissions by over 76%,
reducing CO, emissions in 2025 to 550 MMT COQ,, compared with 935 MMT.CO, in the
EIS/AFOS Reference case. Additionally, specxﬁc steps to reduce emissions, pnmanly'
energy efficiency policies, could leave emissions levels vitually constant at current levels
of 440 MMT CO, at minimal cost. Additional reductions in CO, emission levels by 2026, to
20% below current levels, could possibly be achieved through response measures that
include major shifts in fossit energy supply through interfuel. substitution and major
reductions in primary energy demand due to higher energy quallty and energy
conservation.

4.2.2 Emilssions From Deforestation

Although current deforestation is a source of CO,, emissions, in orinciple it is possible to reverse
this trend and transform the world's forests from a net source to a net sink of carbon if deforestation can
be stopped. The IPCC evaluated only one scenario that reverses current deforestation trends. Under
this scenario, tropical deforestation is assumed to stop by 2025, and about 1 billion hectares (ha) are
reforested by 2100." The reforestation scenario analyzed by the IPCC estimated reforestation for three
broad regional levels only - the tropical areas of Latin America, Africa, and Asia. The rates of reforestation
are presented in Table 4-2.

4.2.3 Emisslons from CFCs

Total CFC use is currently being reduced under the terms of the Montreal Protocol. In the
baseline cases it was assumed that there would be a relatively low level of compliance with the Protocol.

* The temperate regions of the world are assumed to by in balance; that is, carbon emissions from
deforestation are assumed to equal uptake of carbon from reforestation.
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TABLE 4-2

NET CO, EMISSIONS FROM TROPICAL DEFORESTATION AND REFORESTATION
(MMT CO_ /year)

Rapid Deforestation  Moderate Detorestation  Reforestation

REGION 1985 2000 2025 2000 2025 2000 2025
Latin America 1,280 2,160 3,040 1,720 1,950 -950 -1,100
Africa 620 84 1,210 660 660 40 290
Asia 770 1,250 2,350 880 880 70 -290
TOTAL 2,670 4,250 6,600 3,260 3,500 -840 -1,680

Scurce: Task A Report (1990)."

Inresponse to increased concern over stratospheric ozone dep!etion arid the greenhouse impact of CFCs,
the policy cases evaluated full compliance with the terms of the Montreal Protocoi and a total phaseout
of the major CFCs. The emissions resulting from these policy actions are summarized by region in Table
4-3. Total world CFC levels in 2025 could be reduced significantly from 1985 or might increase by as
much as 30%; in 1985 the OECD countries represented 68% of the world’s total CFC emissions.

4.24 Emlsslons From Agriculture

Only the Task A scenarios included an emissions scenario for agricultural activities that assumed
policy actions would be taken to reduce agriculture-ralated emissions. This scenario did not alter the
levels of agricultural activity discussed in the previous chapter; that is, the amount of land under paddy
rice cultivation, nitrogen fertilizer use, and meat and dalry production were assumed to remain constant.
However, technological and management improvements that were assumed lowered the rate of emissions
from agricultural activities. Table 4-4 summarizes the impact of these policies on emissions from
agricultural activities. It shows that policy actions by 2025 with respect to methane production from rice
might be effective in holding down the rate of increase of world methane preduction; similarly, policy
actions could reduce N,O production from fertilizers, but would be less effective in reducing methane
production from animals.
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EMISSIONS FROM MAJOR CFCS AND RELATED CHEMICALS:

TABLE 4-3

POLICY CASES
(MMT on a CO,-Equivalent Basls)

CFC-11 CFC-12 Total CFCs
REGION 1985 2028 198& 2025 1985 2025
United States 170 6-137 790 22606 1,350 1,595-2435
OECD Europe/Canada 395 15323 665 19-509 1,275 420-1,395
OECD Pacffic 85 3-70 235 7-180 510 310-670
Eastern Europe/USSR 120 4-96 520 15-400 710 170-715
Poland
Centrally Planned Asia 20 1-14 60 248 90 20-90
China :
Midd'e East 10 1-10 25 1-17 40 1040
Africa 60 249 115 3-89 200 55-210
Zalre
Latin America 40 2-34 80 2-63 140 40-145
Brazil
Mexico
Rest of Central America
South and East Asia 75 3-60 165 5-126 270 70-28C
India
Indonesia
Pakistan
Philippines
World 975 37-794 2655 742037 4580 2,69(-5975

NOTE: High end of the ranges in 2025 reflects full compliance with ttie Montreal Protocol; low
end assumes complete phaseout of major ozone-depleting chemicals.

Source: Task A Report (1980).!
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TABLE 44

EMISSIONS FROM AGRICULTURAL ACTIVITIES:

TASK A REPORT
(MMT/year on a CO,-equivalent basis)
CH, from Rice CH, from Animals N,O from Fertilizer
2025 2025 2025 2025 2025 2025

REGION 1885 Baseline Pollcy 1985 Bassline Policy 1885 Baseline Policy
United States 168 210 189 205.8 268.7 218.3 128.1 156.3 120.8
OECD Europe/Canada 14.7 14.7 12.6 310.8 395.9 329.7 125.8 268.0 219.6
OECD Paclfic 37.8 273 2341 98.6 168.0 138.5 10.9 16.4 13.2
Eastern Europe/USSR 338 378 31.5 12 344.4 2814 141.7 268.1 2178

Poland - - - - - - - - -
Centrally Planned Asia 674.1 686.7 560.7 1449 2793 2352 138.5 230.1 188.2

China §70.7 §71.2 466.2 1344 254.1 214.2 1285 2105 1723
Middle East 126 16.8 128 210 58.8 48.3 109 27.3 223
Africa 54.6 1155 84.5 107.1 1.2 231.0 248 95.2 779

Zaire - - - - - - - - -
Latin America 123.9 147.0 1197 199.5 441.0 363.3 333 834 7€5

Brazil 86.1 FONg 63.0 58.7 924 75.8 7.7 14.1 114

Mexico 21 42 21 23.1 63.0 525 12.8 46.0 37.8

rest of Central Amarica 33.6 63.0 52.5 58.8 176.4 1449 11.8 28.2 23.2
Sauth and East Asia 1,331.4 2,055.9 1.882.1 21241 384.3 338.0 99.0 4275 349.5

India 653.1 1,083.6 886.2 1113 189.0 1688.0 52.9 144.5 1185

Indonesia 153.3 302.4 245.7 10.5 23.1 18.2 123 155.4 1271

Pakistan 252 33.8 27.3 338 60.9 525 13.2 74.7 155

Philippines - - - - - - - - -
World 2,297 3,123 2,554 1,579 2,617 2,178 723 1,578 818

NOTE: A dash (-) Indicates that informatior v.as not available.

Source: Task A Roport (1990)."
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CHAPTER 5

STRATEGIC OPTIONS TO CONTROL GREENHOUSE GAS EMISSIONS
WHILE MAINTAINING ECONOMIC GROWTH

SUMMARY

The U.S. and other OECD countries are likely to account for a declining share of future
greenhouse gas emissions, while the rapidly industrializing developing regions will contribute a
substantially greater share over the next three to five decades. Thus, a major focus in developing
countries riust be promotion of demand-side measures that increase efficiency, and supply-side measures
that promote inter-fuel substitution by less carbon-intensive fuels together with increased efficiency in fuel
conversion.  Other strategic options include promotion of sustainable agricultural practices and
agroforestry, tropical forestry strategies such as natural forest management to improve the productivity
of existing natural forests and plantations, and a variety of agricultural management options to reduce
greenhouse gas emissions.

5.1 INTRODUCTION

Long-term stabilization of the atmospheric concentrations of greenhouse gases will require
sustained implementation of strategies that address four major areas of human activity: er.rgy production
and use, industry, agriculture, and the uso of forests. This section discusses the array of technical
options at our disposal for reducing the growth in greenhouse gas emissions and ultimately, making the
transition to energy and economic systems in which the impact of human activities on the climate system
is permanently limited to acceptable levels. The options focus on energy, forestry, and agriculture. A.l.D.
is not presently involved in the phaseout of CFCs and related compounds, although the ultimate role of
the Agency is under discussion.

5.2 ENERGY TECHNOLOGY OPTIONS
5.2.1 Introduction snd Overview

The U.S. and the other OECD countries are likely to account for a declining share of future
greenhouse gas emissions, while the rapidly industrializing developing regions will contribute a
substantially greater share over the coming three to five decades. In virtually all developing countries the
per capita commercial energy use is a small fraction of the per capita energy use in even the poorest
European countries. Even with the most aggressive energy efficiency strategies in developing countries,
total energy demand for fuels and electricity will continue to grow in these countries for many decades.

Controlling greenhouse gas emissions associated with energy use requires technologies that
(1) improve energy conversion, transport, and end-use efficiency, (2) use carbon-free or less carbon-
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intensive fuels, and (3) replace or reduce emissions of oti:er greenhouse gases. Policies to reduce
emissiciis must promote demand-side measures that increase efficiency, supply-side measures that
encourage the development and use of fuels that are less carbon-intensive, and increased efficiency in

fuel conversion.

Many technical changes that can slow the growth in greenhouse gas emissions appear feasible
at reasonable economic costs, although the widespread diffusion of such technologies will require
innovative institutional and financing initiatives throughout the developing world. No single technology
can adequately control greenhouse gas emissions, but by aggregating the effects of many technical
opportunities over the next 30-50 years significant reductions in greenhouse gas emissions can, in
principle, be achieved. The time required to stabilize atmospheric concentrations of greenhouse gases
and the levels at which these gases will stabilize will depend on the control pclicies and programs that
are developed and the speed and scale of their implementation worldwide. These will also depend on
the nature, rapidity, and extent of economic development, principally outside the OECD nations, over the
next half century.

Global climate change is a long-term problem. Reducing and ultimately stabilizing the
anthropogenic emissions of CO, and other greenhouse gases at acceptable levels may eventually require
the very large-scale use [at the equivalent rate of perhaps 10-30 TW(th)] of advanced renewable and
nuclear energy technologies for production of electricity and fuels. Both renewable energy and nuclear
energy systems appear to be more expensive currently than fossil fuel alternatives for most
applications. However, using present energy and technology prices as a basls for assessing long-
term technological and policy alternatives Is misleading since neither the present environmental
costs of fossll fuel pollution nor the future costs of climate change are reflected in present prices
of goods and services. The relative economics of altenative energy options will shift as the
environmental costs and benefits of these options are internalized in their prices.

The importance of market incentives to improve technologies and reduce costs has been
demonstrate J in the recent experience with CFCs. Development of substitutes for CFCs has proceeded
quickly once it became apparent that environmental regulation would require these substitutes; prior to
the Montreal Protocol, industry was arguing that there were few feasible options at any price.

Many of the control options summarized here are economically justified today, or nearly so. This
is especially true of measures to improve energy efficiency, where substantial opportunities for cost-saving
investments remain. However, the appearance of ecoriomic competitivenesé of these technologies with
established practices can be misleading; many technically proven and seemingly economic technologies
are oﬁen rejected for institutional and cultural reasons. Innovative programs, such as those discussed
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in Chapters 6 and 7, will almost certainly be necessary to catalyze the introduction and widespread
diffusion of both end-use and supply-side technologies that can address the twin goals of affordable,
sustainable economic development and environmental harrnony.1

5.22 Demand-Slde Measures and Efficlency Improvements for the Near Term

According to a recent U.S. AID study.z while *industrialized countries have made major strides
in using electricity more efficiently over the last decade, few achievements have been made in developing
countries in using electricity more efficiently. The opportunities for improvements are tremendous, and
the cost is only a fraction of the generation expansion option." Improvements Iin end-use energy
efficlency have the greatest potentiai for slowing the growth of CO, and other greenhouse gas
emissions In the near term over the next few decades, both in the heavlly Industrialized reglons and

In the developing regions.

in many developing countries there are distinct modem and traditional sectors. In ihe modem
sector, energy-use patterns are very similar to those in industrial economies. Commercially marketed
fossil fuels and electricity provide the energy input for a similar mix of energy services: space conditioning,
water heating, lighting, and appliances for cooking, refrigeration, entertainment, etc. This modem sector,
however, is often smaller than the traditional sector, which exhibits completely different energy-use
pattems.

A major energy source in the traditional sector is biomass, used primarily for cooking and for
space heating ir sorne colder or high-altitude regions of developing countries. Kerosene is widely used
for lighting. (In China, unlike most other developing countries, coal is also used for residential cooking
and space heating in the traditional sector.) The task of development projects in these poorer sectors
is to vastly increase the level of energy services available for residential and commercial applications. The
Important [ssue from a climate perspective Is to Increase energy services without increasing

greenhouse gas emisslons.

As the developing countries continue to increase their per capita energy production and use, the
implications in terms of energy use and greenhouse gas emissions are enormous. Emissions-reducing
strategies similar to those proposed vor industrialized countries can be promoted in the modem sectors
of the developing countries. Strategies suitable for the traditional, poorer sectors must be integrated into
ongoing development programs if they are to be accepted by the local population. Technical options for
reducing greenhouse gas emissions must not only be efficient, they must also be designed to increase
energy services to these poorer sectors. Achievable efficiency improvements in the industrial (including
agriculture), transportation, and residential and commercial sectors are discussed below.
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Industrial Sector

Industrial end uses account for the largest single component of energy use in the industrialized
countries -- almost 43% of the primary energy consumed in the OECD in 1985. In developing countries,
it agriculture is included as part of industry, then the industrial sector generally consumes an even higher
percentage of total commercial energy. In developing countries as a whole, industrial energy makes
up 50-60% of total moder: energy use.

In contrast to industrialized countries, developing countries are expanding energy- and rnaterial-
intensive industries to raise per capita income levels. In addition, industries in these countries use energy
far less efficiently than do similar industries in industrialized countries. In many cases this reflects energy
price sutsidies, lack of access to hard currency and to modem technologies, and lack of management
skills for dentifying and implementing efficiency options.

Technically proven cost-effective energy conservation techniques and processes can save
developing countries an estimated 10-30% of industrial sector energy aird 10-25% of power sector energy
consumption. In Pakistan alone, $9.7 million worth of energy savings has been identified through a series
of energy audits; $2.0 million has been captured to date. In Morocco, it has been estimated that the net
present value of a full-fiedged national energy demand management program through 1996 may exceed
$150 million. In India, a 10% reduction in industrial energy use would rescit in $1 billion in annual savings.
In the Philippines, the overall conservation potential is estimated to ba $500 million per year.

Emission controls: Low-cost control technologies are available to reduce CO from automotive and
industrial sources and NO, from power plants. Other technologies are available that remove larger
fractions of these poliutants but at higher costs. Emerging control technologies and combustion
technologies with inherently lower NO, emissions are being tested and could reduce NO, emissions
drastically at lower cost. In a few situations (i.e., enhanced oil recovery) CO, recovery from power plant
flue gas may be economic.

Methane emissions from coal seams, natural gas production, and landfills can be reduced.
Present minor emissions from coal production and landfills are projected to grow in the future. Natural
gas is sometimes vented and often flared in conjunction with oil production. Technologies exist for
econoraically recovering this methane and using it for energy production, thereby partially augmenting
natural gas supply.
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Transpontation Sector

To date A.L.D. has not initiated major programs dealing with transpont. Yet transportation energy
use is a serious concem in developing countries. The largest component of the dramatic Increases In
oll use in developing countries during the last decade has been in the transportation sector. Energy
use for transportation has been growing rapidly in recent years in developing countries, and this high rate
of growth is expected to continue in the future. From 1973 to 1986, oil use by developing countries
increased by 60%. During this same period, oil used by OECD countries declined by 13%. Recent
projections by the Department of Energy indicate that the overwhelming majority (80%) of growth in oil
consumption in the *free world* thrnugh the year 2010 could come from developing countries.” For
fiteen of the largest developing countries, about 50% of the growth in oil consumption in the 1970-1984
period has been in transportation.

The approaches that have slowed the growth of transportation energy use in the industrialized
countries over the past 15 years may not be as effective in many developing countries. Industrialized
countries have been able to signliﬁcamly reduce the average consumption of fuel per highway mile by
replacing existing vehicles with more efficient models and developing or expanding mass transit in urban
areas. The potentlal effectiveness of these approaches in most developing countrles Is much more
limited because of the slower turnover of vehicles and lack of capHal to invest In Infrastructure
improvements. Autornobiles with 50 mpg fuel efficiency are commercially available. Further
improvements could increase fuel efficiency to more than 80 miles per gallon without compromising safety,
comfort, or performance. Similarly, opportunities Yor implementing major fuel efficiency improvements in

diesel trucks, rail transport, and aircraft have been identified.

Residential and Commercial Sectors

Between 1980 and 1987, electricity consumption in residential and commercial buildings
significantly outpaced growth in total electricity consumption in many developing countries. It is expected
that rapid expansion of the residential and commercial building stock will occur in conjunction wii
economic development in the developing countries over the coming decades. Use of ths efficiency
options currentl; available in industrialized countries, adapted to local conditions and objectives, could
minimize the increases in energy use associated with this growth. Obviously, since the rate of
construction of new building space (and distribution of appliances, etc.) will be much higher in developing
countries, the importance and potential impact of efficiency measures will be proportionately greater as

well.

* The free world is defined by DOE to exclude the centrally planned economies of Eastern Europe,
the Soviet Union, China, Cuba, Kampuchea, North Korea, Mongolia, and Vietnam.
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Accelerated diffusion of improvements in building shells, lighting, space conditioning, and
appliances could reduce energy consumption per square foot by 75% below current levels by 2025 for
residences and at least 50% for commercial buildings. The residential energy efficiency goals are most
likely to be achieved in the OECD countries; the goals for commercial buildings can be attained worldwide
since large commercial tuildings can utilize the same climate-sensitive design and technology control
strategies worldwide.

Also, air conditioning requirements are ganerally heavier in tropical developing countries. Thus,
improvements in building shells and air conditioning equipment could be very effective in reducing
electricity use. Similarly, the air conditioning benefit (due to less waste heat) of improved lighting would
also be greater in developing countries.

A recent study identified cost-effective efficiency improvements that could reduce commercial
sector electricity use in Pakistan by over 30%.2 Based on commercially available improvements in lighting,
air conditioning and fans, and thermal insulation, the study projected national savings of 1,800 MW of
generating capacity and 18,200 GWh/year of electricity consumption. An analysis in Brazil indicated there
is technical potential to reduce electricity use for lighting by 60% in many commercial building« ?

Several recent studies have identiied significant potential for reductions in energy use in new
commercial buildings in developing countries. Careful use of daylighting afone has the potential to red:ce
energy use by roughly 20% relative to the current building stock in Singapore.4 Other imporiant
improvements include efficient lighting systems, external shading, and size and placement of windows.

However, in spite of all of these potentially attractive options, some of which are discussed below,
a majcr international effort to educate architects, engineers, and local building authorities, and incentives
to introduce the high-efficiency materials anc' products required to-achieve high-efficiency buildings, will
be required if any of this potential is to be realized. Experience in the U.S. and elsewhere in OECD has
shown that without the necessary leglslative requirement: for performance-based energy efficlency
in commerclal bulidings, the necessary investments In efficlent bulldings, attractivo as they may
appear on paper, will simply not be made. A.|.D. has supported a successful prototype educational and
training program in recent years in the ASEAN region; far greater and more sustained efforts of this kind
will be required to transfer the full technology of energy-efficient building design and operation to the

developing world.

Lighting. Improved lighting techniques offer some of the most cost-effective opportunities for
saving energy. Lighting accounts for about 20% of total U.S. electricity consumption, most of it in
residential and commercial buildings. It can consume a similar fraction of electricity production in
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developing countries. In India, about 17% of total electricity consumed is for lighting, with as much as
35% of peak power generating capacity used for lighting. One study has estimated that 40 large
(1,000 MW) power plants in the U.S. could be eliminated by implementing available, cost-effective lighting
efficiency improvements.®

In the traditional sectors of developing countries, lighting involves very inefficient combustion
technologies. In India some 80% of households use kerosene lamps. Providing the same level of
illumination with incandescent electric bulbs would be 200 times more efficient at the end use.® Even
it electricity production is only 30% efficient and is coal fired, the equivalent electric lighting would still
produce less net CO,. A recent study indicates that substitution of incandescent lamps by compact
fluorescent lamps in India would save the equivalent of 6,000-10,000 MW of installed generating
capacity.’

Appliances: After space conditioning and lighting, the remaining energy uses in residential and
commercial building are for large appliances. Opportunities for significant efficiency improvements are
well documented. U.S.-made refrigerators average 1,450 kWh per year, but the best currently commercial
model in the U.S. uses only half that much. A recent study indicates that efficient new refrigerator/freezers
that would consume less than one-sixth the electricity of current models could be economically
produced.8 Appliances could be produced in the 1990s that would be at least 50% more energy efficient

than the 1986 average for all major energy-using residential appliances.g

5.2.3 Supply-Side Options for the Near Term

Near-term reductions in greenhouse gas emissions per kWh produced are possible through
generation efficiency improvements and by switching from coal and oil to natural gas. Natural gas emits
just over half the carbon per unit of combustion energy as coal. Improved fossil fuel electricity generation
technology, such as advanced combustion turbines, combined cycle systems, and cogeneration, can
increase fuel efficiency by 25 percent or more.

Clean Coal Technologies and Repowering

As new power plants are constructed to meet increasing electricity needs, many of these plants
will be fossil fueled. The associated greenhouse gas emissions can be reduced by using the most
efficient conversion technologies. These technologies significantly reduce emissions of traditional air
pollutants such as sulfur dioxide and nitrogen dioxides. Some of these technologies improve fuel
efficiency by 10-25% relative to conventional coal combustion technologies, hence reducing the
associated CO, emissions.



Three of these advancec technologies currently in an advanced development phase are
atmospheric fluidized bed combustion (AFBC), pressurized fiuidized bed combustion (PFBC), and
Integrated Gasification Combined Cycle (IGCC). AFBC power plants (essentially commercial now) are very
similar in efficiency to conventional technology, and therefore minimally beneficial for reducing carbon
dioxide emiss: sns. PFBC and IGCC systems are projected to increase conversion efficiencies by as much
as 10-20%, with corresponding reductions in CO, emissions per unit of electricity produced.

Clean coal technologies can be used for both newly constructed power plants and to *repower*
existing power plants. In repowering, the combustion system is replaced with orie of the new
technologies. Other new componer*s, such as a gas-fired combined cycle turbine, may also be installed.
The result is a hybrid plant with perfformance very much like that of an efficient new unit.

Cogeneration

Cogeneration is the production of both steam and electricity from the same source, with the steam
used to meet on-site heating and process raquirements and the electricity used on-site or sold to
electricity customers. Cogeneration has been very popular with large industrial energy users as one
approach for reducing their overall energy costs. Most of the approximately 18 GW of currently operating
cogenaration projects in the U.S. and an additional 29 GW under active development fall into this
category.'®

Advanced Gas-Fired Combustion Technclogies

An option for incraasing natiral gas use is the construction of new gas-fired combined cycle or
combustion turbine power plarits. These ower plants cost significantly less to build than coal power
plants and are typically more energy efficient. They could also be part of a near-term solution since the
lead times for plant siting and construction average about 2-4 years versus 6-10 years for coal-fired power
plants.

Aeroderivative Combustion Turbines

Advances in jet engine turbir.e technology are being applied to turbines for generating electrical
power Present simple and combined cycle systems have efficiencies of about 32% and 42%.
Conventional coal power plants have efficiencies of about 31-32%. Recentimprovements in aeroderivative
(jet engine) techriology will significantly improve thess efficiencies. The steam-injected gas turbine (STIG)
has recently been commercialized. STIG units take steam not needed for process heat requirements and
inject it back into the combustor for added power and efficiency. In a simple cycle application the
efficiency of the turbine might be 33% with an output of 33 MW, while with full steam injection the
efficiency would increase to 40% with an output of 51 MW.
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With proposed improvements the single cycle efficiency would increase from 33% to 47% and the
rated turbine output cculd be increased from 33 MW to 110 MW, the estimated capital cost of STIG is
about $400/kW.'°

Non-Carbon-Based Energy Sources

Non-carbon-based energy sources could make an important contribution to reducing greenhouse
emissions in the medium term and could virtually eliminate many categories of emissions over the long
term. In the long term, it appears that large-scale displacement of fossil fuels by non-fossil atternatives
is necessary in order to achieve the stabilized greenhouse gas concentration levels. The relevant and
difficutt policy issue is whether or nct it will be necessary to achieve this level of stabilization in order to

limit climate change-induced problems to a generally acceptable level.

The principal non-fossil fuel primafy energy options are discussed very briefly here; extensive

information on these options is widely available elsewhere and will not be repeated in this report.11

Hydroeicciric power. Already making a significant contribution to global energy production,
hydroelectricity production in 1986 was 661 TWh in the developing world and 1,366 TWh in the
industrialized world.'® This corresponded to 413,000 MW in the industrialized countries and 154,000
MW in the developing countries. There is a major technical potential to expand this contributior.. One
World Bank scenario for future primary global energy use indicates the technical potential for increasing
by fourfold the production of electricity from hydropower in the developing world. However, as the World
Bank has carefully pointed out, environmental and social impacts of large-scale projects must be
considered carefully, and these potential impacts will limit hydropower development in many developing

regions.

Biomass energy. Advanced technologies for conversion of biomass 0 gaseous ar liquid fuels
and olectricity, especially the use of gas turbines for no'ver generation, combined with measures to
increase biological productivity, would allow biomass to provide a much larger share of global energy
services over the long term, particularly in developing countries. There is considerable discussirn
regarding the rates and scale of implementation of biomass-based energy and power generation

systems. '3

Geothermal energy resources are extensive and widely distributed. Over 7,000 MW of installed
generating capacity are in operation worldwide. With improved technology, it may be possible to expand
this energy source significantly in the future.


http:report.11
http:400/kW.10

Wind energy systems for grid-connected power generation are commercial and competitive with
some oil-based power generation, with over 1,500 MW of grid-connected wind electric power plants
installed and operating in California. Recent engineering advances and production scale economies have
resulted in reductions in cost and improvements in performance. As this trend continues, wind energy
has the potential to play a significant role in fut.ire energy production in those countries with major wind
energy resources. In the developing world, countries such as Egypt and India have the poteatial for
several GW of grid-coupled wind electricity. Global estimates for the upper level of production of

electricity from wind energy conversion are on the order of 1 TW.

Solar Thermal Electric Power Generation. Conversion of solar-generated heat to electricity has
been established as a commercial reality in California, with several hundred MW of grid-connected solar
power piants on line, and several hundred MW more coming on line by 1993. The commercial
development of this option, as with wind technology, was made possible through a combination of Federal
and Califomia state tax credits, and the very attractive power purchase vontracts implemented under
PURPA regulations in California.'®

Wi tie sts of electricity production from solar thermal electric power systems are still higher
(~$0.” ujixw4y; - .an for fossil-fuel power plants, this technology offers the potential for relatively near-
com;is’ i '@ power generation within a decade or so, provided production scales can reach several
hundred MW or more per year. A recent change in the provisions of PURPA eliminate the 80 MW
limitation on privately owned renewable energy power plants in the United States, clearing the way for
larger (~250 MW) solar power installations that are projected to have 20-30% lower capital and operating

costs than the best present systems.

Photovoitaic Power Systems. In 1986 approximately 35 MW of photovoltaic (PV) power systems
were produced and shipped as commercial products. Significant technological advances and rapidly
increasing production have lowered the costs of electricity production from PV systems from several
dollars per kWh to roughly $0.25-0.40 per kWh. In many parts of the developing world this is competitive
with the actual costs of electricity from small diesel units. While the present applications of PV systems
in the developing world focus on small-scale applications of electricity for water pumping, water
purification, rural lighting, health clinics, and communic.ations, widespread applications for irrigation and
rural electrification are expected to begin this decade with further reductions in PV system price. Already
India has equipped thousands of villages with PV lighting systems, and the goal of the Indian Government
is to provide some degree of PV-based rural electrification in as many as 100,000 villages over the coming

ten years.
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Nuclear power from fission is a global technology, growing in its contribution to global energy
supply due to the completion of power plants ordered during the 1970s. While nuclear power is often
thought of as an option for advanced industrialized countries, it is extensively used in a number of
developing countries and wider use in LDCs is expected over the coming several decades. In 1986 there
were 2,700 MW of nuclear power generation on line in China, 1,200 MW in India, 1,300 MW in Mexico,
626 MW in Brazil, and 125 MW in Pakistan.

High capital costs and nrational and international concerns about safety, nuclear weapons
proliferation, and radioactive waste management have brought new orders of nuclear power plants to a
hatt in most countries. It is technically feasible to expand the contribution of nuclear power on a global
scale if these problems are resolved by commercializing a new generation ¢. modular, inherently safer
reactor technology and by developing socially and politically acceptable methods for radioactive waste
management and control of proliferation. The U.S. and a number of OECD countries are actively working
to develop a new generation of inherently safer reactors; the future social and political reactions to the
availability of these options are not predictable.

Long-Term Use of Renewable Energy Technologies

The energy needs of modem societies are provided by electricity and high-quality liquid and
gaseous fuels as the secondary energy carriers. The long-term strategic roles of both nuclear energy and
renewable energy resources could be to provide electricity and chemical fuels on a sca.c of 10-30 TW(th).
In principle this can be achieved through the use of nuclear and renewable energy sources to split water
into hydrogen and oxygen, witn the hydrogen used as the universa! secondary energy carrier and energy
storage medium,

A hydrogen economy based on a mix of renewable and nuclear primary energy sources would
virtually eliminate civilization's energy-based emissions of qreenhouse gases.'®'® 3uch an energy
system would permit lorig-term stabilization of the atmnsphare with regard to greenhouse gases, and also
bypass many of the local and regional air poliution impacts of fossil fuel use. Transition to an energy
economy based on a hydrogen infrastructure would require over a century once the fundamental
technological building blocks were available in commercial fonm and could be produced on a strategic
scale.
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5.3 FOREST MANAGEMENT OPTIONS
5.3.1 Introduction

Since the turn of the century, more than half of the world's tropical forests has been lost. Recent
FAO estimates put the annual rate of deforestation during the decade of the 1980s at 17 milion
hectares, or approximately one percent of the 1990 stock. Perhaps more important is the fact that ihe
rate of ¢ ~“forestation is accelerating. Moreover, deforestation is only the most obvious aspect of what is
happening to the tropical forests. More insidious, and perhaps more important in the long term, is the
degradation of land still classified as forested. No estimates are yet available, but the problem could be

severe.

The causes of deforestation and forest degradation vary from place to place, making it difficult
to make valid generalizations about how best to reverse or at least slow the trend. For the most part, the
root causes lie outside the forestry sector itself, and have to do with rapid growth of economically
marginal, rural populations, failure of markets to reflect the value of goods and services (productive and
environmental) provided by forests, and palicies that encourage - or fail to discourage — uneconomic,
unsustainable conversion of forests to aternative uses.

5.3.2 Potential for Reducing Atmospheric CO, Concentrations via Forestry Inltlatives

There is no consensus as yet on this issue. Some have pointed out that forestry offers an
effective and relatively inexpensive means jor sequestering large amounts of carbon. For instance, under
one IPCC scenario tropical forests would absorb approximately 700 MMT of carbon per year by 2025,
enough to offset more than one-half of U.S. fossil fuel emissions at current levels. Achieving this resuft
would require halting tropical deforestatior: by that year, and reforesting or afforesting approximately
1 billlun hectares by the year 2100. Because estimates of degraded tropical lands capable of growing
tress range as high as 865 million hectares, some have concluded that a forestry initiative of this
dimension is feasible and would be cost-effective.

At the other en of the spectrum, others have observed that the existence of vast expanses of
degraded land does it necessarily mean that the land is unused and available for growing irees. Others
have emphasized thy difficulties of halting tropical deforestation in many tropical areas where fuelwood
is in short supply anc increasing population is likely to maintain, or even increase, pressure to convert
currently forested land to agriculture. Yet oihers have noted the practical difficulties of large-scale
afforestation programs n developirig ccuntries and point to relatively poor past experience with survival
rates of tree seedlings, lack of trained manpow/er, etc. '

* See footnte, page 2-6.
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Given that (1) tropical deforestation may account for as much as one-third of total global carbon
dioxide emissions, and (2) potential biomass increase rates in the iropics are considerably higher than
they are intemperate areas, there are signiiicant reasons to include tropical forestry initiatives as important
elements in an overall strategy for reducing net CO, emissions. Nevertheless, because of the
aforementioned uncertainties about the feasibility of achleving elther & dramatic reduction in
deforestation or a major increase i reforestation/afforestation activity, targets expressed In terms
of quantities of carbon emisslons reduced ur CO, sequestered should be modest.

These uncertainties, however, do not undermine the strong case for sound forestry initiatives.
Whether or not their impacts on atmospheric carbon concentrations worldwide are as substantial as the
more optimistic observers believe, such inltiatives can be ami.ly justified on the bagis of other bene’its
that accrue directly to the residents of the countries or regions In which they are undertaken -
protection of watersheds, soil stabilization, production ¢! a host of wood and non-wood products,
fiood control, and preservation of habltat for plant and animal specles (conservation of biodiversity).

Tropical forestry initiatives required to achieve reductiens in, or offsets to, carbon emissions from
human activity will of necessity involve a range of Aactivities focused much more on sustainable
management of existing forests than on creating new ones (although afforestation efforts can also make
a positive contribution). The elemeits of sensible approaches will vary widely from country to country,
and perhaps within countries as well. A.L.D. experiences in developing countries point to the need for
considering the following strategies:

Substitute More Stable, Sustainable Agricultural Practices

Swidden agricultural systems involving cutting ana buming of tropical forests are widespread.
Research suggests that substituting such sedentary practices as agroforestry - in which crops or animals
share plots of land with trees in production systems which are mutually beneficiai ~ could save 5-10
hectares of tropical forest for every hectare on which agreforestry practices are introduced. Potential
carbon storage has been roughly estimated to range from 0.1-4.7 ‘ons per hectare per year for different
agroforestry systems exclusive of cabon stored in soil and carbon savings from avoided deforestation,
both of which could be substantial. Since normal forest fallow may saquester more carbon than stable
agroforestry practices, the latter may make its greatest contribution by reducing deforestation.

From a technical perspective, agroforestry looks promising, although research to date has been
limited to a few techniques, species, and environments. Research priorities need to be informed by field
experiences; this approach is currently being pursued by various aid donor agencies, including A.i.D. For
example, at least in much of West Africa, increasing forestry biomass (as a rneans to sequester caroon)
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comes when smallholders change the way that they manage forestry resources; large, central schemes
have been less successful.

In this context, constraints to adoption of new practices are as much non-technical as technical,
Although many factors attributable to changes in management are site specific, we have found that
several conditions have been relatively common and that wider diffusion is more likely under the following
circumstances:

resource users have use rights to products of better management;

« financial risks are acceptable (due to access to credit, markets, labor, etc.);
e  cooperatives support enterprise;

» users have access to appropriate technologies; and

* users have observed practices and have access to technical knowledge.

It would follow that research should focus on the various policies, financial strategies, and
institutional reforms that have contributed to smaliholders managing forestry resources differently.

Increase Harvesting of Non-Timber Forest Products to Reduce Pressure for Forest Conversion

Nuts, medicines, fruits, oils, fodder, latex, bamboo and numerous other products are widely used
in the forest areas in which they are produced, but frequently are undervalued, or not valued at all. This
has put such uses at a comparative disadvantage with commercial timber harvesting which often receive
explicit or implicit subsidies because they generate foreign exchange eamings. One response has been
the establishment of *extractive reserves® - forest areas reserved for harvesting of products on a
sustainable basis. In Brazil, for instancs, reserves have been established for harvesting of nuts and
rubber. However, many questions must be answered before an estimate can be made of the potential
of using such reserves as part of a global climate change strategy, e.g., costs, extent of markets for
extracted products, and extent to which products can be harvested sustainably. Some private efforts are
underway to increase local incomes to harvest and market these products. Additional efforts are required
to further develop these approaches in a sustainable manner.

Use Natural Forest Management Techniques to Increase the Growth and Productivity of Existing Natural
Forests and Plantations and to Sustain Natural Forests.

Natural Forest Management (NFM) techniques involve cutting te promote natural seeding and
regeneration and to reduce damage to the remaining stand. They may be useful altematives to prevalent
tropical forest logging practices, which often damage many more trees than are actually harvested. While
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NFM is a promisiing strategy for slowing deforestation and forest degradation, resolution of the problems
associated with commercial logging also require attention to economic policy and institutional problems
that militate against sustainable forestry in the tropics (e.g., logging concessions that are too short to
encourage sustainable practices, explicit or implied subsidies, etc.). While there are no very reliable
estimates of the potential for using NFM techniques to sequester carbon, it would be difficult to bring a
sigrifficant portion of existing tropical forests under organized management schemes. Only a very small
fraction of forests in the tropics are cumently under management.

Again, as in agroforestry, West Africa has much to offer with respect to leaming about diffusing
natural forest management. Natural forest management has grown in Niger to cover from 5,000 ha in
1985 to over 200,000 in 1989 and the trend may continue, not only in Niger, but in other Sahelian
countries. The lessons from the U.S.A.I.D.-sponsored Forest Land-Use Planning (FLUP) project need to
be brought into focus. While technical improvements have contributed to the diffusion of the technology,
other factors such as usufruct policy, credit, market, tax structure, training, extension, and cooperative
development have been essential.

Besides management cf forestlands, a growing number of Nigerian farmers have also pioneered
natural regeneration of croplands with non-leguminous trees. This practice of maintaining field trees as
sources of wood, forage, and soil fertility/conservation could contribute substantial quantities of biomass
on land that is cumrently barren. The primary inputs are policy (localized changes in the forestry code)
and extension (taking farmers to see model farms).

Reduce Conversion of Forests to Cattle Ranching

Although cattle ranching is generally not sustained on convarted tropical forests for more than
a few years, estimates of such conversions range from 3 to 7 million hectares a year, generally by
burning. One study indicates that if the rate of conversions could be halved over a 25-year period, it
would avoid release of 40-200 million tons of carbon a year to the atmosphere, a 2-7% reduction in carbon
releases resulting from tropical deforestation at current estimated rates. While resistance to ~uch a
strategy should not be underestimated, Brazil's recent efforts to slow conversion of forests to pasture by
removing incentives suggests that it holds promise.

Expand Use of Efficient Fuelwood and Charcoal Stoves

Fuelwood demand accounts for significant deforestation in some tropical areas, particularly
semiarid, open forests. One study indicates that household biofuel cooking contributes 2-7% of total
anthropogenic emissions of greenihouse gases.

5-15



In theory, more efficient cookstoves and industrial technologies could reduce wood requirements
by 25-70% at very low cost. One study estimates that greenhouse gas emissions attributable to
cookstoves could be halved. Another puts the reduction at 80 million tons of carbon per year, or 3% of
greenhouse emissions from deforestation assuming that the stoves use 40% less fuelwood and that 175
million households use them. However, numerous past efforts to introduce improved stoves have not
lived up to expectations, possibly because they did not save fuel or labor, or because wood could be
gathered for free, and therefore was not highly valued, or because it was difficult to change present
cooking practices. More efficient charcoal stoves have met with more success. Tne effect of their use
is even greater when efficient charcoal production methods are used. Mass production and marketing
of improved stoves to lower unit costs wouid also be useful.

Increase Reforestation and Afforestation Practices

These terms encompass replacing harvested forests with plantations and establishing forest cover
on barren or denuded iands that may or may not have previously supported natural forests. Some
authorities are enthusiastic about the prospects for large-scale reforestation and afforestation in tropical
areas as a quick, cost-effective way to offset CO, emissions frc.:1 fossil fuel use - pointing out that growth
rates in these areas exceed those for temperate and boreal forests and that the cost of establishing
tropical plantations can be lower because of the low cost of labor and the availability of enormous
expanses of degraded land.

Estimates of land available for reforestation and afforestation in the tropics are as high as 865
million hectares, enough to sequester over 3 billion metric tons of carbon a year, assuming an average
carbon sequestration rate of 3.5 tons per hectare per year (a fairly conservative assumption). However,
others have seriously questioned these estimatss, pointing out that they grossly overestimate the
availability of land for establishment of tropical forests. in some areas the conversion of forests to pasture
has increased surface temperatures and decreased the soils water-holding capacity, making it more
difficult to reestablish forests. Reforestation on a large-scale, worldwide effort is likely to be difficult and
involve large investments. The cost-effectiveness of this app-oach should be compared to other means
to reduce greenhouse gases, such as those discussed elsewhere in this report. However, it may be
noted that reforestation can take place in unexpected places (as in farmers' fields). Again, decision-
makers should not discount the potential of large numbers of smaliholders to make a difference.

Social, economic, political, and ethical constraints to large-scale reforestation are even more
important. Because of poverty and population pressures in many developing countries, degraded lands
continue to be used (often further dagrading them) and can be made available for long term investment
in forests only if altemnative livelihoods and living space ‘:an be found for those who depend on them.
Absent such conditions, governmental institutions will likely prove inadequate to the task of ensuring that
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the forests are established and managed over the long term to actually achieve carbon sequestration
goals.

54  AGRICULTURAL MANAGEMENT OPTIONS"

Several specific actions can reduce greenhouse gas emissions from agricutture, atthough the
magnitudes of the agricultural sources and the potential effects of control measures are difficult to
quantify. Further research is required to produce credibie estimates. Major agricultural activities of
interest include the following:

o Methane emissions from livestock could be reduced by increasing the
productivity of livestack systems and the use of methanogenesis inhibltors for
beef cattle.

« Methane emissions from rice production may be reduced somewhat through
productivity increases and removal of crop residues. In the long term,
improvements in varieties of rice, soil amendments, and water management
practices could decrease methane emissions.

e Biomass buring associated with agriculture produces N,O, CO, and CH,,
Changes in agricultural practices - sustainable agriculture, utilization of crop
residues, etc. - are technically feasible and could substantially reduce this
source.

« N,O emissions from fertilizer use could probabiy be reduced through better
placement of fertilizer, nitrification inhibitors, and fertilizer coatings, which may
also reduce farming costs and agricultural runoff problems.

Future agricultural practices and policies can affect the levels of greenhouse gas emissions from
agricultural sources and contribute to stabilization of their atmospheric concentrations. However, reducing
emissions from one or two sources will not be sufficient. For example, in order to stabilize methane
concentrations, reductions in methane emissions from flooded rice fields, livestock systems, and biomass
buming, as well as from other anthro'pogenic sources, will be necessary. Similarly, modifications in
nitrogen fertilizer use, land-use conversion, and crcp systems will be necessary pars of muitisectoral
strategies to achieve the reductions to stabilize atmospheric concentrations of carbon dioxide and nitrous
oxide.

5.4.1 Near-Term Optiona

The opportunities for reducing greenhouse gas emissions in the nearer term, which appear to be
economically viable in their own right, consist of the following:

* The discussion in this section is drawn from the draft report of the IPCC Working Group il
(Response Strategies) Subgroup on Agriculture, Forestry, and Other Human Activities. The IPCC
discussion providas a framework for the A.LD. initiatives in the agriculture sector.
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» Biomass burning: Biemass burning might be reduced through fire control,
= ‘cation, and management programs, as well as through the introduction of
appiopriate alternative agricultural practices. Agricuttural systems dependent
on the removal of biomass by burning high-yield grain crops may be either
modified to provide oppcitunities for increasing soil organic matter, thus
reducing greenhouse gas emissions, or removed to provids use as an
alternative fuel source.”

»  Livestock Systems: Methane emissions can be reduced by managing livestock
waste, expanding supplernental feeding practices for livestock, and increasing
the use of production- and growth-enhancing agents with appropriate
safeguards for human health ana taking into account legitimate consumer
concemns.

» Fertilizer Use: Nitrous oxide emissions may be reduced by using improved
fertilizer formulations and application technologies, and through judicious use
of animal manure.

e  Sustainable Agricultural Practices: Where appropriate, minimum- or no-till
systems are recommended for those countries currently using tillage as a part
of the annual cropping sequence. Tillage systems may vield additional benefits
such as direct energy savings, improved soil tilth and increase of soil organic
matter.

*  Murginal Lands: Areas marginally suitable for annual cropping systems should
be shifted to paranrial cover crops for fodder or pastoral land uses of
woodlands, if soils are suitable. Such actions c.uld increase carbon uptake,
both in the vegetation and soil, and could yield other benefits such as reduced
soil erosion, improved water infiltration ard quality, and delayed stream flow.

5.4.2 Longer-Term Options Requlring Research and Demonstration

Seveial opportunities for reducing greenhouss gas emissions and enhancing carbon sinks have
been identified for the longer term. In gensral, these opportunities must be developed, demonstrated,
and assessed in terms of greenhouse gas reductions and the full range of potential costs and benefits.
These altematives must maintaln or enhance the productivity of the agricultural systems. This will require
substantial resoarch efforis focused on better understanding of the processes by which these gases are
emitted, further investigation of promising options, and better field measurement devices.

General longer-term opportunities for reducing emissions of greenhouse gases have been
identified:

* A comprehensive approach, including management of water regimss,
development of new cultivars, efficient use of fertilizers, and other management
practices, could lead to a 10-30% reduction in methane emissions from flooded
rice cultivation, although substantial research is necessary to develop and
demonstrate thase practices. A 10% reducticri in emissions from rice systems

* This latter option s activeiy being pursied by A.LD.
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might contribute about 15-20% of the total reduction required to stabilize
atmospheric concentrations of methane.

« Through a number of technologies it appears that methane emissions from
livestock systenis may be reduced by 'p to 25-75% per unit of product in dairy
and meat production. The net effect of such improvements depends upon the
extent to which such methods can be applied to domestic ruminant populations,
which will vary greatly from country to country. However, each 5% reduction
from animal systems could contribute 6-8% toward the reduction necessary to
stabilize methane in the atmosphere.

+ Fertilizer-derived amissions of nilrous oxide potentially can be reduced
(atthough to what extent is uncertain) through changes in practices such as
using controlled-release fertilizers, improving fertilizer-use efficiency, and
adopting alternative agriculture systems.

» Trace gas emissions from biomass burning, land conversion, and cropping
systems m3y be reduced through widespread adoption of improved agricultural
practices, optimal use of fertilizer and organic amendments, and improved
pasture management and grazing systems. These gains may be offset by
pressures of increasing population and increased demand for food and fiber
production.

« In addition, policies associated with production, processing, storage,
transportation, and marketing need to be examined to derive the optimum
effectiveness from research, technological developments, and land use
practices. Analyses are needed on economic incentives, taxes, pricing and
trade barriers, cultural practices, technology transfer measures, education and
information programs, and international financial assistance measures.

5.4.3 Greenhouse Gas Emigslons from Flooded Rice Cultivation Sources

Flooded rice helds are a major source of methane emissions on a globai scale, due to anaerobic
decay of organic matter. While uncertainty exists as to the exact contribution of \.~oded rice fields to
annual global methane emissions, it appears to be on the order of 25-170 MMT of CH, or 6-30% of annual
global methane emissions. In addition, methane emissions from rice cultivation may increase by as much
as 20% in the next decade, siice rice production must increase to meet the rice requirements of growing
human populations. Rice production is projected to increase from the current level of 458 mitlion tons to
over 550 million tons by the year 2000, and to some 760 million tons by the year 2020.

Measures and Palicy Options

Reductions in methane emissions from flooded rice fields should be obtained while maintaining
the productivity of the rice fields in all instances. In the long run, a comprehensive approach inclucing
management of water svstems, cultivar devsiopmant, efficient fertilizer (both organic and mineral) use, and
other management practices could achieve reducticns of 10-30%. However, current understanding of the
complex interaction between methane production and oxidation, and the flux between the atmosphere
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and the rice fields, is insufficient. Improving this understanding Is a prerequisite for determining potential
options for reducing methane emissions from flooded rice fields.

Improved understanding of the process contributing to methane emissions from flooded rice fields
can only be achieved by integrated, interdisciplinary projects that focus on process-related factors and
that will allow {or valid extrapolation. Research is needed on the following aspects of this source of
methane:

 the biogeochemistry of methanogenesis in flooded rice fields, including
methane production, methane oxidation, and methanogenesis regulation
factors;

» factors affecting methane fluxes from flooded rice fields, such as climate, soil
and water, cultivars, fertilizer application, and cultural practices, and variations
in fluxes spatially, seasonally, and diurnally;

» effects of techniques to reduce methane emissions of nitrous oxide; and

» field-level measurement techniques to assess spatial variability, and simulation
models to synthesize the process and field level data.

Technologies and practices for reducing emissions from flooded rice fields need to be developed,
demonstrated and assessed, and the costs and benefits evaluated. Furthermore, to realize the full
potential of the research, existing and possible agricuttural policies regarding rice production need to be
examined,

5.4.4 Tne Aol of Managed Livestock In the Global Methane Budget

Ruminant animals produce methane as part of the digestive procuss. Total methane emissions
from the digestive process of all domestic ruminant animals has been estimated to be between 60 anc!
100 MMT of CH,, per year, accounting for about 15% of global methane emissions, second only to flooded
rice field systems. These estinates suffer from several notable uncertainties, which may cause
overestimates of emissions in some areas and uncerestimates in cthers, resulting in an overall
underestimatior: of methane emissions, possibly by large amounts.

In addition, animal wastes from all sources are another potentially large source of methane
emissions. Under anaerobic waste management systems (animal wastes under aerobic conditions do
not produce methane), uncontrolled methane emissions from cattle wastes are likely to be of tho same
magnitude as methane emissions from the livestock digestive process. Preliminary analyses incicate that
emissions from this source may currently be on tha order of 25-35 million tons of CH, globally, or about
30-40% of the methane from livestock digestive processes. Emission estimates from livestock systemns
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should be refined, particularly in areas where interventions and methane control are most likely to be cost
effective.

Measures and Policy Options

Reducing emissions from livestock is a particularty attractive methane reduction option because
it is usually accompanied by improved animal productivity. While there are considerable differences in
feed conversion efficiency between extensively and intensively managed animals, several techniques are
available that might reduce emissions per unit of product (e.g., per kilo of meat or liter of milk) by as much
as 25-75%. Of course, the reductions actually achieved will depend on the extent to which and how
effectively the appropriate technologies can be deployed. Furthermore, it is recognized that emissions
reductions achievable with the best technologies, and the socioeconomic consequences of those
reductions, will vary within and among countries with variations in animal, management, and feeding
characteristics.

Near-Terr Options

Several technologies are available in the near term:

* Animal wastes. Indications are that methane recovery through management of
animal wastes can be economic in its own right under certain conditions.

» Supplemental feeding practices. Methane emissions can be substantially
reduced (perhaps by 60%) from livestock on poor diets by strategic
supplementation with lccally-produced feed additives. Experience in India
indicates that the supplementation system can be self-sustaining, economic
investments.

»  Production-enhancing agents. Current economic evaluations indicate that the
use of bovine somatotropin (BST) could improve feed conversion efficiency and
is economically feasible at this time, taking into account human concems of the
use of BST.

While currently available, these technologies and practices must be further developed,
demonstrated, and assessed in terms of the full range of cost reductions, other potential benefits, and
risks.

Longer-Term Options
Additional avenues exist for methane reduction in the longer term:

o Strategic supplementation of extensively managed cattle. Pastoral cattle
management can result in relatively low animal productivity in some cases.
Providing strategic supplementation of nutrients to these animals could reduce
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methane emissions by increasing efficiency and productivity per animal and
achieving production targets with smaller herds.

»  Diet modification for intensively managed animals. Current research indicates
that methane emissions vary under different dists. Increasing the food intake
of animals and modifying the composition of their Jiet can reduce emissions per
unit of product. Other feed inputs such as wholn cotton seeds or
polyunsaturated fats also appear to have promising impacts on methane
emissions levels. Modifying feeding practices could potentially reduce methane
emissions by large amounts in certain circumstances. However, the size and
locatior; of animal populations for which this is a promising alternative must be
identified.

»  Reduction of protozoa. Recent studies indicate that reduced protozoa in
ruminant digestive systems results in lower methane emissions and may
enhance animal productivity.

Further promising avenues consist of improvements in reproductive efficiency, which lead to
smaller brood herd requirements, and microbiological approaches to improved digestion processes.
Again, these technologies and practices must Ls further developed, demonstrated, and assessed in terms
of costs, reductions, and other potential benefits. Also, techniques for field level measurements of
methane from livestock need to be developed and standardized.
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CHAPTER 6

A.l.D. ONGOING INITIATIVES IN ENERGY, FORESTRY, AND
AGRICULTURE THAT ADDRESS CONCERNS ABOUT GREENHOUSE GAS EMISSIONS

SUMMARY

A.LD. is devoting increasing resources to forestry, agriculture, renewable energy, and energy
efficiency projects and programs in over 40 developing countries, including most of those designated as
'key* countries. A.L.D. energy initiatives include price reform, least cost planning in utilities, clean
combustion technologies, use of renewables and alternate energy sources, and private sector power
generation. Energy efficiency projects are being pursued in a number of countries, including *key"
countries such as Brazil, India, Pakistan, and Philippines. Assessmente of tropical forest and biological
resources have been underntaken in 45 A.l.D.-assisted countries. Key forestry programs include regional
projects that emphasize environment, natural resources and forest resource management and
conservation and specific key country initiatives in Zaire, Maxico and Brazil. Innovative programs to
reduce deforestation have been initiated. A.LD.'s agricultural research, training and institutional
strengthening, and policy programs directly or indirectly address climate issues. In FY 1989, the Agency
provided $185 million in support of global warming activities, and planned funding in FY 1990 and FY
1991 are $225 million and $248 million, respectively.

6.1 INTRODUCY..N

A.l.D. is supporting an array of activities in energy, forestry, and agriculture that, by their nature,
address issues related to reducing greenhouse gas emissions. For example, the Agency has
implemented energy programs that focus on increasing the technical and economic efficiency of the
electric power sector in developing countries, and on reducing the local and regional environmental
impacts of expanded power generation systems, A.l.D.'s growing forestry activities promote maintenance
of forest resources and biological diversity, sustainatie production from natural forests, management of
wildlands, and management of criticai watersheds.

A.LD. is the largest and most active U.S. government agency In funding activiies in developing
countries to address climate change.' In addition to substantial independent climate change efforts,
A.l.D. ceiiaborates with the Environmantal Protection Agency, the Departments of Agriculture, Energy, and
Imesior, and the National Science Foundation, as well as with non-governmental organizations. A.LD. will

' hany of A.l.D.'s activities in energy, forestry, agriculture, etc., as well as in training, institution
building, and disaster assistance, have components which increase developing country capabilities to
reduce greenhouse gas emissions and to deal with the potertial impacts of climate change. A fuller
description of these activities is in preparation.
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forge additional linkages and pursue closer coordination as the pace of research and operational activities

gathers momentum.

‘The A.L.D. climate change strategy wiil address specific concerns regarding both the causes and
the consequences of the greenhouse effect and its impact on potential global climate change. It forms
an integral part of the broader Agency program of environmental initiatives. Although concerns about
global climate change are new to A.LD., our active support for projects in the two areas of greatest
relevance -- energy and forestry - extends over many vears. Based on our experience with many
successful interventions, and our comparative advantage in these areas, energy- and forestry-related
efforts are «2xpacted to comprise ihe core of our ciimate change program in future years,

A.l.D.’s approach io climate change is to sufport those Initiatives that make development
sense regcrdless of whether the Initiative considers climate change specifically. Thus, investments
wiil be made in energy efficiency or sustainable management of forest resources that protect important
watershed areas only when such programs can be defended as eccnomically and financially sound. This
approach is the so-called *no-regrets* strategy for addressing the risk of global warming.

A.LD. defines global warming activities as all projects and programs related to forestry,
renewable energy, and energy efficlency. Within these vategories, particular attention will be given to
training and upgrading the skills of senior host country officials in the energy, forestry, and
economics/finance/planning/policy fields and in providing support for their participation in international
workshops and conferences organized around global climate change themes.

In FY 1989, the Agency provided $185 million in support of global warming activities, and planned
funding in FY 1990 and FY 1991 is $225 million and $248 million, respectively. Our present leve! of
assistance supports global warming projects or components of projects in approximately 40 bilateral
missions as well as in additional countries through regional or centrally funded programs.

To achieve greater impact will require maintaining these increases in future levels of assistance,
as well as a clear redirection of climate change resources. A large share of current resources — more
than 60% - is directed toward nations that are not *key countries® under any definition.

6.2 A.L.D. ENERGY ACTIVITIES AND CLIMATE CHANGE
6.2.1 Introduction

A.LD. is devoting increasing resources to the improvement of the energy sector in developing
natior:s, including most of those designated as "key* countries. The Agency implements its programs
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through its missions in A.L.D.- assisted countries, through its regional bureaus, and through its Office of
Energy in the Bureau of Science and Technology. Key countries in which relevant energy programs are
underway include Brazil, India, Pakistan, the Philippines, and Costa Rica (included in the Central Ainerica
*key country®). There are important energy programs in other A.l.D.-assisted countries not designated as
*key countries* but of major importance in the Agency's overall development program; these include the
Dominican Republic, Egypt, Jordan, Thailand, and Morocco.

The Agency supports a multi-dimensional approach toward helping developing countries to
improve technical, economic, and institutional performance in the energy/electric power sector. These
programs include supply-side technoiogy innovation (e.g., advanced coal combustion technologies,
renewable energy systems), improved transmission and distribution, and an array of energy and electricity
end-use efficiency measures in the industrial, commercial, agricultural, and residential sectors. In many
of these countries there is an important component that focuses on energy pricing and price reform, least-
cost planning, development of private-sector energy initiatives, and environmental management of the
energy sector. The Agency considers many of these country-specific programs to be pilot programs that
can be implemented in other A.l.D.-assisted countries over the next few years as experience is gained.

in collaboration with the multilateral development banks and other bilateral donor assistance
agencies, the Agency also supports a number of initiatives that address issues of concern in virtually all
developing countries. For example, for one program, being carried out jointly with the World Bank and
several other bilateral assistance agencies, we are assessing the performance of electric utilities in over
20 countries; in another, we are working with other mutltilateral and bilateral agencies to aevelop an
environmental guidebook for the electric power sector. The Office of Energy is working with muttilateral
and bilateral donors and A.l.D.'s Regional Economic Development Support Office for West and Central
Africa in organizing a workshop on power sector efficiency for sub-Saharan countries, which is scheduled
for the fall of 1990. The Agency is supporting a number of efforts that address pricing, private sector
participation, least-cost planning, and other policy issues. Some of these collaborative efforts are
described below.

Price Reform

Many LDCs haavily subsidize electricity prices, reducing the incentive to use energy efficiently.
A.L.D. is promoting price reform in an effort to rationalize energy pricing policies. A.l.D. will publish a guide
on successful price reform experiences and provide technical assistance and training on energy pricing

policy.
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The Bureau for Asia, the Near East, and Europe (ANE Bureau) is supporting the rationalization
of power tariffs for rural customers through rural electrification projects in the Philippines, Bangladesh, and
Pakistan. Also, placing conditions on energy sector grants in Egypt has resulted in a plan for reducing
subsidies in that country’s power sector.

Private Sector Participation

Lack of adequate capital and poor performance by public utilities is forcing many governments
to adopt policy changes that will attract the private sector into power generation, A.LD. has supported
this major reform with a $170 million program in Pakistan in collaboration with the World Bank. In addition,
the ANE Bureau Private Sector Power Initiative, in collaboration with the S&T Bureau Office of Energy, has
supported assessments, workshops, and technical assistance programs in India, Thailand, Indonesia, and
the Philippines. Expande:! activities are planned to promote the competitive, efficient private-sector
development of renewable and least-cost generation opportunities.

The Private Sector Energy Development Program (PSED) was established by the Office of Energy
in 1988 to assist the private sector in solving the power shortage problem in developing countries. The
PSED program provides a wide range of technical assistance, information dissemination, and project
development activities to governments, utilities, and the private sector in support of private power/energy.
Some of its recent activities include providing technical assistance to Indonesia and Guatemala for
establishing rules, regulations, and avoided-cost methodologies; providing funds for private power
feasibility studies in the Dominican Republic, Pakistan, Poland, and Turkey; and coordinating with the
World Bank, U.S. Trade and Davelopment Program, and the U.S. Department of Energy in conducting
seminars and conferences.

Least-Cost Planning

Traditional utility investment planning assumes certain rates of growth in demand and focuses only
on supply expansion. The Office of Energy is developing a comprehensive approach to least-cost
investment planning that includes a review of economical ways of increasing efficiencies in generation,
distribution, and end-use. The first applications of this approach are :eing pursued with the national utility
in Costa Rica and with the State Electricity Boards of Maharashtra and Gujarat and the Department of
Power of the Government of India (the latter effort is in collaboration with the World Bank).

Muiti-Agency Working Group on Power Sector Innovation (MAGPI)

A.lD. is expanding its collaboration with other bilateral and multilateral donors and lenders to
assist developing countries in establishing innovative approaches to expand and upgrade the electric
power sector. To facilitate this collaboration, the Office of Energy has established the Multi-Agency
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Working Group on [-ower Sector Innovation (MAGPI), together with the World Bank, the Inter-American
Deveiopment Bank, the Asian Development Bank, the African Development Bank, the Internationa! Finance
Corporation, and the United Nations. The MAGPI is made up of about 15 senior decision-makers with
operational responsibilities.

A.LD. works closely within the MAGPI framework to identify and develop practical and bankable
projects designed to catalyze innovation in the LDC electric power sector. In many of these activities, a
technical and financial partnership with R&D institutions and commercial organizations in the industrialized
countries will be required to catalyze bankable projects leading to the successful introduction and
diffusion of the needed technological capabilities.

Managerial Improvement

Also under the collaborative umbrella of MAGPI, A.1.D. is working with the World Bank, the United
Nations Development Programme, and several bilateral aid agencies to implement the Electric Power
Utility Efficiency Study. The project sends teams to LDCs to determine the potential management,
technical, and institutional improvements that can be made to isolated diesel power plants to improve
performance. Studies have beeri completed in Indonesia, the Philippines, Guatemala, and a dozen African
countries.

Training

To support these efforts, increased resources are being devoted to the training of host country
officials and experts on energy planning, renewable energy systems, environmental management in the
energy sector. energy efficiency, financing, etc. Training opportunities include formal course work,
internships with U.S. energy organizations, and visits to U.S. energy facilities, including utilities,
manufacturers, architect-engineers and private developers.

High-Efficiency Clean Combustion Technologies

The ANE Bureau, the Office of Energy, and the World Bank have initiated a project to accelerate
the use of more efficient and environmentally clean combined cycle technology (using both steam and
gas turbines to generate electricity). A technical report is being prepared in Egypt and Pakistan on gas
turbine and combined cycle technologies that will be used as models for application in other developing
countries.



Energy Efficiency in the Built Environment

The ANE Bureau funded the 3-year, $5 million ASEAN *Energy Conservation and Management"
project, which focuses on energy conservation in buildings and includes a training component in energy
management.

Energy and Transport

The ANE Bureau and the Office of Energy are cooperating with the U.S. Environmental Protection
Agency and a Washington-based NGO, the International Institute for Energy Conservation (IIEC), in
funding preparations for a regional conference on efficiency in the transport sector in Asia.

Renewable Energy and Alternate Energy Sources

A.LD. has been involved in over 200 renewable energy programs in Asia, Africa, Latin America,
and the Caribbean. These projects were intended to lead to a reduction in oil imports, augment domestic
fuelwood resources, and increase energy self-reliance in developing countries, including A.l.D.-designated
key countries such as India, Indonesia, Pakistan, the Philippines, Zaire, and the Central American region.
These projects have invoived the development and testing of solar, wind, biomass, biogas, and small
hydro systems for meeting rural and village energy needs. Following a reassessment of A.lD.'s
Renewable Energy activities in 1987, its new thrust in this area emphasizes private-sector development
and assistance programs to stimulate market-driven applications of renewable energy sources in
developing countries.

6.2.2 Country-Specific Energy Sector Programs
Brazil

In Brazil, a key country, A.l.D. is working in coordination with other donor agencies to create an
institute, to be operated by a non-governmental organization (NGO), that will work to increase awareness
and implementation of energy efficiency in the private sector and provide policy advice to the government.

Central America

In Central America a $24 million energy planning project, funded by the regional office for Central
America and Panama, has been assessing geothermal resources for electricity generation.

Costa Rica

Beginning in January 1990, A.l.D. began reviewing the status of the efficiency of the power sector
in Costa Rica, another key country, and the end use of e!sctricity in all concerned sectors. The objective
of this project is to demonstrate that *least-cost planning* can be a useful tool to developing countries in
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their efforts to increase energy efficiency. In the case of Costa Rica, it is expected that a full-blown least-
cost plan could reduce the new capital requirements of the currently contemplated electricity generation
plan by 25% between 1990 and 2000. Preliminary results of the field work, which took place between
January and June 1990, will be available by Fall 1930.

The Agency is also supporting an innovative program to make use of agricultural residues in the
sugar industry to fuel on-site private power generation. Part of an; 11-year, $12 million R&D and project
development program that focuses on power generation from biomass, the activities in Costa Rica have
led to pricing reform, the development of an interim govemment decree pemmitting private power hookups
and power sales to the national grid, as well as development of new privately owned biomass-fired power
generation units. The Agency is working closely with the Inter-American Development Bank in the
development of minihydro resources in the country. The Agency is aiso cooperating with the U.S. wind
technology industry and the Costa Rica electric utility in assessing the potential for commercial grid-
connected wind farms.

Dominican Republic

in the Dominican Republic, another key country, a2 ccmponent of the Mission's *Energy
Conservation and Resource Development® project has been working with the industrial sector to establish
2 capability to perform energy audits and implement appropriate conservation measures. A.LD. is working
with the government to help develop legislation that will support private power initiatives and create
incentives for more efficient operation of the electric power sector.

Egypt

Started in February 1989 and sponsored by the Government of Egypt and A.LD., the $50 million
Egypt Energy Conservation and Efficiency Project (ECEP) is intended to improve the productivity and
competitiveness of the Egyptian industry by improving the energy efticiency of its commercial processes
and practices in the public and private sector. The project will include demonstrations of conservation
technologies, training, marketing and promotion, and policy studies. As of June 1990, an energy
management system for an Egyptian hotel had been purchased; a cogeneration technical assistance and
training course was held that included a familiarization tour of U.S. cogeneration facilities for the Egyptian
directors of the public and private agencies involved in ECEP; and feasibility studies for combustion
efficiency improvement projects and cement and glass industry energy surveys were completed.

Also in Egypt, A.LD. has been assisting the Egyntian Office for Energy Planning (OEP) with a
major energy policy and planning project that includes two rounds of in-depth energy audits in the agro,

chemical, cement, and petroleum industries; these were conducted between 1987 and 1989. The
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purposes of these audits were to identify the energy conservation opportunities at the plants, calculate
the economic cost/benefits for the conservation measures, identify energy conservation-related policies
that OEP should pursue, and train OEP staff in energy auditing. The reports have beeri presented to each
plant management and the recommendations of the reports ara now under consideration or being
implemented.

The Renewable Energy Field Testing (REFT) project, a $25 million 8-year program is ending early
in 1991. The program concentrated on U.S./Egyptian ventures in establishing test and demonstration
facilities for wind energy conversion for power generation and solar thermal applications to industry. A
recently completed A.LD.-supported study has indicated major wind resources in Egypt and the U.S. wind
industry is exploring the potential for grid-connected wind farms along the Red Sea.

India

In India, another A.1.D.-designated key country, A.L.D. is involved in efforts to improve the efficiency
and productlvity of the power supply and end-use sectors. The on-going $20 million PACER (Program
for the Acceleration of Commercial Energy Research) project promotes development of goal-oriented and
market-responsive technological innovation in the energy sector through financial assistance to consortia
of manufacturers, research institutions, and end-users. Over 14 PACER projects in energy efficiency,
renewables, and environmentally sound power technologies are at various stages of implementation. The
$0.5 million Energy Efficiency component of the Atemative Energy Resources Development Project
supported collaborations in the conduct of several workshops and two U.S. study missions by Indiari
private sector in industrial energy efficiency and cogeneration.

The $15-20 million EMCAT (Energy Management, Consultation, and Training) project, currently
at an advanced design stage, wiil focus on policy, financing, and management innovations that aim to
increase productivity of energy supply and end use. EMCAT represents a unique collaboration between
key development financing institutions in the Indian electric power and industrial sectors, A.l.D., the World
Bank, the Asian Development Bank, and other bilaterals. A.LD. grant funds are expected to leverage
substantial multilateral development bank funds and will permit technical assistance and training in supply
and end-use energy efficiency loan portfclio designs, environmental assessments of power development
projects, pre-feasibility studies of major energy efficiency and cogeneration projects, and the

establishment of energy service companies in the private sector.

On the supply side, A.L.D. is assisting the Government of India in ‘assessing the technical and
economic feasibility of Integrated Gasification Combined Cycle (IGCC) technology as an alternative to
conventional pulverized coal (PC) power generation technology. IGCC has the dual advantages of much
higher energy efficiency (about 10-15% greater than PC) and virtually no emissions of particulates or sulfur
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dioxide. Efforts are underway to strengthen Indian technological capabilities in addressing the problem
of combustion of high-ash Indian coals through innovative systems such as Atmospheric Fiuidized Bed
Combustion (AFBC) and slagging combustors.

A.1.D., together with the World Bank, is designing a comprehensive program to assess the long-
term issues in the Indian power sector, including policy issues related to energy pricing, environmental
impacts of power development, and investment planning. The goal of this program is to identify
institutional, technical, and economic measures needed to address the relatively poor financial and
technical performance of India's rapidly growing electric power sector.

Jordan

Beginning in November 1988, A.LD.'s Offica of Energy, in conjunction with the Govemment of
Jordan's Industrial Energy Department of the Ministry of Energy and Mineral Resources (IED/MEMR), has
begun an industrial energy efficiency program. This program has five project components: 1) assessing
the Iccal energy conservation capability, 2) conducting management and technical training, 3) conducting
promotional activities, 4) providing technical assistance, and 5) studying incentives and regulations.

As of June 1990, $15,000 worth of energy audit instruments were nurchased and shipped to
Amman,; an energy ccnservation training manual for industrial plant managers was developed; a 10-day
training course on the principles of energy conservation was presented; technical brochures on energy
conservation in boilers and steam systems were printed; three technical studies in Jordanian industrial
establishments are being corducted; and terms of reference for six energy conservation policy studies
were prepared.

Morocco

Starting in May 1989, A.L.D. began a $5 million, 5-year program designed to develop, manage,
direct, and implement the Energy Demand Management (EDM) program for the country of Morocco. EDM
will focus on three key sectors: agro-industry, construction materials, and hotels. EDM will provide these
sectors with technical assistance, commodities, policy and technical studies, as well as training on energy
demand management issues designed to develop and implement the core of a national energy
management program for reducing energy waste and improving the efficiency of energy use.

As of June 1990, four cost-shared contracts for energy management services were signed with

private clients, each contributing between MDH30,000 to 50,000 (approximately $3,750 - $6,250) towards
audit costs. Three of these audits were successfully completed in food industries by the end of March,

6-8



and a cement plant has been targeted as the possible fifth cost-shared audit. in addition, a three-week
training prcgram on energy auditing was implemented.

Pakistan

Since 1986, A..D. has been involved in a 4'%-year project to assist another one of its key
countries, the Government of Pakistan (GOP), in developing and implementing a National Energy
Conservation Program by providing technical assistance to the newly-created National Energy
Conservation Centre (ENERCON). This technical assistance effort is aimed at improving the effi-lency
of energy use in all sectors of the economy (e.g., agriculture, industry, transportation, power generation,
buildings) and to allaviate some of the serious threats that energy shortages pose to Pakistan's continued
economic development,

In a little over four years, ENERCON has made impressive gairis in saving the nation both energy
and money. Over Rs 55 million (approximately $2.5 million) are being saved annually in factories and
buildings. In addition, Rs 131 million (approximatety $6 million) more in savings have been identified as
aresutt of energy 2udits and are in the process of being implemented.

Other specific achievements of ENERCON include preparing a National Energy Conservation Law
that was approved by the Pakistani cabinet; preparing a National Building Energy Code; implementing
what may be currently the largest building energy conservation research project in the world; and
conducting detailed energy audits of 42 industrial plants (identifying average energy savings of 22% per
plant). Other activities included tuning up 366 industrial boilers and furnaces for an average 6%
improvernent in efficiency; tuning up over 300 automobiles for an average reduction in fuel usage of 11%
(an unexpected bonus was an average reduction of hydrocarbons by 42%, and carbon monoxide reduc-
tion of 59%); retrofitting of 12 tubewells (agricuttural pumps) for an average 66% improvement in efficiency;
and tralning approximately 200 engineers Iin energy management.

The Energy Planning and Development Project ($105 million) started in 1983 has considerably
strengthened GOP's capability to examine options that aim at expanding the energy resource base,
energy efficiency and resource cornservation. The Rural Electrification (RE) project ($250 million) has
assisted the GOP in strengthening organizational and management capabilities of rural supply systems
and in providing reliable and efficient electricity services. Specifically, the project has initiated a major
energy loss and power transmission/distiribution network rehabilitation program at the Water and Power
Development Authority (WAPDA), GOP. [n addition, as of May 1989, the RE project has provided in-
country training for over 30,000 techrical personnel on efficlent power distribution. A private sector power
project, initiated in late 1988 and funded at over $170 million, has been making rapid progress in
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mobilizing private-sector resources to build, own, and operate power plants. Under review currently is
a $979 million oil-fired 1200 MW "Hab River Project.”

Philippines

In the Philippines, another key country, the A.l.D. Mission is carrying out the *Technology Transfer
for Energy Management* program, a 5-year, $5 million project begun in 1986. The project’s geal is to
accelerate the adoption of energy conservation technologies by consumers, especially thoce in the
industry and commercial buildings sectors. The project includes demonsirations of commercially available
technologies, studies, training, information dissemination, and assistance in establishing financing
mechanisms.

6.3 A.l.D. FORESTRY ACTIVITIES AND CLIMATE CHANGE

Sections 118 and 119 of the Foreign Assistance Act of 1961, as amended, require A.|.D. missions
to include in their country or regional development strategy an assessment of tropical forest and blo!ogica!
resources in that country (or region), and an ahalysis of required conservation measures. By the end of
1989, more than 45 A.LD. country missions and sub-regional field offices were working on, or had
completed these assessments - 19 in Latin America and the Caribbean region (i.e., all A..D. offices in
developing and advanced developing countries), and 13 each in Africa and the Asia and Ncar East
region.

A.1.D. support for forestry activities is growing rapidly. Ir: Y 1988 $50.2 million was obligated for
90 active projects. By the following year, A.LD.'s portfolio included 112 projects, and obligations had
increased to $76.8 million, a 53% growth rate. Moreover, as of the end of that fiscal year (September 30,
1989), an additional 23 tropical forestry projects were in the planning stage.

A.l.D. is expanding it forestry activities in all regions. Projects are described below, by region.

6.3.1 Latin America and the Carlbbean

In Latin America and the Caribbean (LAC), every A.l.D. mission has now included tropical forestry
and biological diversity sections in its country development strategy statement and action plan. In FY
1989, the LAC Bureau issued a document entitled *Environmental and Natural Resource Management in
Central America: A Strategy for A.L.D. Assistance." This rew strategy emphasizes sustainable agriculture,
production from natural forests, management of wildlands to protect biological diversity, managemsnt of
critical watersheds, as well as policy formulation, institutional stre: igthening, and environmental education.
To address the issues identified in the strategy, a 10-year, $46 million Regional Natural Resources
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Management Project was initiated in late FY 1989. This regional project will support A.LD. efforts in
individual Centra} American countries currently estimated at over $300 million during the next 5 years.

The Development Strategies for Fragile Lands (DESFIL) Project, jointly managed by A.LD.'s
Science and Technology and LAC Bureaus, is d%igned to improve national, regional, and international
strategies for fragile lands management in Latin America and the Caribbean. Recent activities conducted
under this project include preparation of a natural resource management strategy for El Salvador and
development of Tropical Forest Action Plans in a number of countries.

6.3.2 Africa

The Africa Bureau's Plan for Supporting Natural Resources Management in sub-Saharan Africa
establishes natural resources as a bureau priority and provides essential technical and programming
direction to the field missions. The Plan focuses on three priorities, tropical forest biological diversity,
vegetation loss, and soil fertllity decline, in three agro-ecological areas: (1) arid/semi-arid regions cf Africa,
(2) tropical highlands, and (3) Madagascar and other Indian Ocean Islands. A recent study supported
by A.L.D. analyzed current and future carbon ernissions frem land-use change and energy consumption
in sub-Saharan Africa.! The study concluded that three countries (vory Coast, Zaire, and Nigeria) alone
contribute over 50% of 1985 carbon emissions from land-1se change in sub-Saharan Africa.

In 1987, A.1.D.'s Bureau for Africa adopted the Plan for Natural Resource Management (PNRM)
and initiated the Plan by funding a $14.6 million Natural Resources Management Support project (NRMS)
to assist African governments in developing better approaches to managing their natural resources.
Under the PNRM, funding has been increased annuaily from $52 million in FY 1989 to an estimated $80
million in FY 1991. Several important natural resource management projects and prograins, which focus
on the FAA amendments 118 and 119 (Tropical Forestry and Biological Diversity), have been initiated by
the Africa Bureau in its Group | and Il countries. These include such natural resource management
activities as the following:

» development of an Environment Management and Protection Project for
Madagascar as a major component of the World Bank-coordinated
Environmental Action Plan,

»  coordination and sponsorship of a regional workshop on afromontane forest
management in Rwanda,

»  development of nature tourism in Rwanda,
»  development of a forestry land-use planning project in Niger,

. smallholder edification on tree, soil, and water conservation in Mali, and
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*  promotion of alley-cropping research to diminish the effects of slash-and-burn
agriculture practiced in many developing countries.

To date, NRMS assessments are planned or have been completed in 16 of the 23 Category |
countries (Cameroon, Ghana, Tanzania, Guinea, Kenya, Madagascar, Malawi, Mali, Senegal, Uganda,
Boiswana, Burundi, Gambia, Niger, Rwanda, and Zsire). Besides centralized funding of activities under
the NRMS project, 2 number of Missions are contributing to wider diffusion of forestry resources
management by smallholders:

»  Several efforts have assisted Niger:

~  The Majjia Valley Windbreak Project has helped to protect 5,000
hectares of cropland from soll erosion. Besides reducing damage
by wind and water, these windbreaks are harvested on a 4-year
rotation; consequently, they are often on the rapid portion of the
growth curve. Windbreaks are being diffused to other sites.

- The FLUP Project supported the development of two model
management sites that contributed to the extension of natural forest
management to over 200,000 hectares In Niger. Actions in other
Saheiian countries is increasing this number.

- TheAgricultural Sector Development Grant (ASDG) will be providing
assistance to local communities to manage forestry resources.

e  The Viiiage Reforestation Project in Mali has assisted a number of smaliholders
in establishing pole plantations and living hedges. Under a new phase, the
project is supporting studies that will lead to establishment of poiicy incentives
to increase the numbers of field trees.

o Grants from a reforestation project in Senegal are used to share the cost of
establishing field trees with smaliholdars.

In conjunction with other international donors, forestry sector reviews in preparation for Tropical
Forestry Action Plans have been conducted in the following 11 Category | African countries: Cameroon,
Ghana, Guinea, Kenya, Lesotho, Madagascar, Mali, Rwanda, Senegal, Togo, Zaire.

6.3.3 Asla and the Near East

A.l.D.'s Bureau for Asia and the Near East (ANE) has given priority to gathering the information
needed t» learn what actions are necessary in each country to achieve sustainable management of
tropical forests and to conserve biclogical diversity. Background assessmeits have been completed for
Morocco, Tunisia, Egypt, Nepal, Sri Lanka, Thalland, Bangladesh, the Philippines, Yemen, and Indonesia,
and assessments are underway iin Jordan, India, and the 10 nations of the South Pacific. Countries that
will be ccvered next year include Pakistan and Oman. In some instances, the process Is sufficiently
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advanced to permit major activities to go forward. In Thailand, for instance, a $44 million Management
of Natural Resources Project is underway. Major Forestry Develbpment Projects are in progress in
Pakistan, Nepal, and India, and new natural resources projects are planned to begin in 1990 and 1991
in Morocco, Sri Lanka, the Phillppines, Indonesia, and the South Pacitic.

Recognizing the need to place still greater emphasis on environmental and natural resource
management, the ANE Bureau is preparing a regional program strategy that strongly supports
conservation and management of tropical forests and biological diversity in the region. The strategy is
designed to promote the following: (1) reform of development policies that take full account of
environmental costs; (2) upgrading of environmental and natural resource management capabilities;
(3) strengthening of technical and managerial aptitudes of the private sector; and (4) increased
participation by NGOs, private organizations, and the public in resource development decisions. A inulti-
million-dollar Regional Environmenta! Activities Project will provide core funding for strategy
implementation. Innovative ways of collaborating with other donors are being examined as a means of
further support.

6.3.4 Agency Coordination

To manage its growing program and to leverage efforts by others, A.LD. is working ciosely with
an Increasing number of private voluntary and non-govemmental organizations, both in the United States
and abroad. The Agency also collaborates with the Peace Corps, the Department of Agriculture’s Forest
Service, the U.S. Environmental Protection Agency (EPA), intemational institutions (including the World
Bar:k, the Food and Agriculture Organization, the U.N. World Food Programme, the international Council
for Research in Agroforestry, the Intemational Food Policy Research Institute, the International Union of
Forestry Research Organizations, the Consultative Group on Biological Diversity, ‘and the Intemational
Institute for Tropical Agriculture), universities here and overseas, and the private sector.

6.3.5 Centrally-Supported Progrums

Several projects managed from A.LD.'s headquarters in Washington, D.C., provide technical
leadarship and assistance tc A.LD. field misslons in the area of natural resources management, including
management of forest resources:

»  The Forest Resources Management Project, with a present staff of 10 full-time
professional foresters, provides technical consultation to A.|.D.'s bureaus and
overseas missions, research suppor, forestry training and forestry program
studies, and technical reference sarvices. Additionally, It manages a roster of
2,500 expert consuitants in forestry and natural resources, maintains the
principal database for A.I.D.'s forestry activities, and providss technizal support
for forestry and natural resource management programs of the Peace Corps.
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* A $40 milllon Forestry/Fuelwood Research and Development Project (F/FRED)
supports collaborative research networks in Asia and Africa with the Inter-
national Council for Research in Agroforestry. The effort is aimed at developing
andimproving multipurpose trea species and encouraging their socio-economic
acceptance.

»  TheEnvironmental Planning and Management Project is designed to strengthen
the capabilities of developing country institutions to manage their natural
resources for sustainable development.

»  The Conservation of Biological Diversiiy Project provides technical assistance
to help define conservation priorities, prepare national and local conservation
strategies, and cesign activities. A small grants program is also being set up
to support research on such questicns as the effectiveness of buffer zones in
insuring the integrity of protected areas, and the economic cost-benefit analysis
of conservation investments.,

»  The Environmental and Natural Resources Policy and Training Project, now in
the design stage, will provide research, policy development, institutional
strengthening, and training services focusing on the effects of economic policy
on the environment and natural resources, and the potential for using policy
instruments to address deforestatiors and other environmental problems. It
should be noted that "key* countries, as that term is defined in Congress'
*global warming initiative® (Section 534(a) of the Foreign Assistance
Appropriations Act of FY 1990), will be eligible for assistance under this project.

6.3.6 Innovative Programs to Reduce Deforestation

A.L.D. staff resources and funds, both from Washington and from projects managed at field

missions, are being used for several innovative initiatives worthy of mention:

« A.D, in collaboration with EPA, has commissioned the National Academy of
Sciences to assemble a panel of experts to assess the potential of sustainable
agriculture to reduce rates of deforestation, to identify requirements for
overcoming the constraints to adoption of sustainable agricultural systems, and
to recommend sites for implementation of sustainable agriculture projects. Late
in 1990 a series of regional workshops will be held to solicit inputs from
developing countries, and an intemational symposium will be held sarty in 1991
to discuss the panel’s findings.

e In May 1988, A.L.D. announced a debt-for-development initiative. This new
machanism enables A.l.D. to leverage additional fiscai resources for its
development assistance efforts, incli:ding conservation. Under the program,
A.L.D. supports the purchase — normally through NGOs - of discounted debt
owed by developing countries to foreign commercial banks. Prior to the
purchase, the debtor govemments and NGOs work out arrangements to
convert the debt to local currency that will be invested i designated projects.
Resources made available under this initiative have b2en used for forestry
projects in the Philippines and Madagascar.

» AlLD. is providing financial support in Guatemala for the first-ever project

intended te offset the carbon dioxide emissions of a particular incustriai source
- a new coal-fired power plant in Connecticut. The project, which is being
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implemented by CARE in Guatemala, consists of a number of forestry
interventions, which in combination are designed to sequester 387,000 tons of
CO; per year for 40 years, or a total of 15.5 miliion tons, the projected
emissions of the power plant over its lifetime. A.i.D.'s involvement wiil be to
begin testing the potential of carbon sequestration forestry, an innovation which
many feel holds great promise.

»  A.lLD.'s recently promulgated “Initiative on the Ervironment® calls for analyzing
the possibility of (1) increasing funding for buffer zone management (without
decreasing support for parks and protected areas or natural forest
management); a component of this support would be funding for
interdisciplinary studies by ecological anthropologists, ecologists, and natural
resource economists, linked to direct interventions to help meet the material
needs of local populations on a sustainable basis; and (2) developing a
comprehensive program to support natural forest management, including policy
reform, in selected key countries; a minimum of 10% of A.L.D.'s total forestry
budget would be reoriented to fund this program beginning in FY 1991.

64 A.1.D. AGRICULTURAL ACTIVITIES AND CLIMATE CHANGE
6.4.1 Introduction

Although agricultural astivities are important contributors to greenhousss gas emissions, agriculture
Is especially significant as the sector most directly and immediately affscted by climate change. A.lLD.
programs that contribute to general agricultural development in developing countries, particularly to
enhanced institutional capaclty for research and development and to increased resilience of agricultural
systems, are important components of the global responss to ciimate change.

6.4.2 A.L.D.’s Approach to Programs and Projects

A.LD. has only recently begun to support activities directly addressing the climate change issue,
but many of the activities historically undertaken are directly or indirectly linked to the issue. The Agency
has often been cited for its unique contributions to agricultural research, policy development, institution
building, training, and productivity.

Training has been the comerstone of the Agency's agricultural development strategy. University
degrees and short-term training have provided many countries with the necessary human resources to
conduct research, develop agricultura policy guideiines, and introduce improved technologies to the
agricultural sector. Over 1300 degrees in agricultural disciplines have been awarded over the past
decade within the centrally funded Coliaborative Research Support Programs (CRSPs) that are conducted
in partnership with the Title Xl unwersities. Most centrally funded and country agricuitural sector
programs include short-term and degree training for developing country nationals. Such tralning Is
essential to enabie developing countries to adapt to climate change.
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The Agency has historically placed great emphasis on institutional support and development
because agricultural development cannot take place in the absence of institutions to provide support in
education, research, marketing, distribution and extension. A.l.D. is a major contributor to the Intemnational
Agricultural Research Centers. In addition, the Agency supports regional research and educational
institutions (e.g., CATIE in Central America), national agricultural universities (e.g., The National University
of the Cameroon), and national agricultural research services (e.g., the Ministry of Agriculture in
Indonesia). A.LD. also supports networking and technical coordination as a cost-effective means of
enabling scientists from developing countries to share information and experience. The portfalio of the
Office of Agriculture in the Bureaw for Science and Technology includes more than 500 scientists from
over 40 countries who reprasent at least 50 universities and research institutions.

6.4.3 Typlcal and Current Programs In Agriculture

Sound pcilicies are required to curtail emissions of greenhouse gases from agricultural systems
and to stabilize food supplies in the face of climate change. The Agricuttural Policy Analysis Project
(APAP) is an A.1.D.-funded worldwide project devoted to increasing knowledge and understanding of the
impact of key economic policies on agriculure and natural resource marnagement. During its first 5 years
of operation, APAP assisted 26 countries and all three regional bureaus in analyzing needs and options
for policy reform and in developing institutional sapacity for conducting agricultural policy analysis. The
project has also provided a strong base of applied research and appropriate methodologies to improve
policy analysis. !n its second 5-year phase the project added a capability to examine relationships
between agricultural policy and natural resource management.

A.1.D. developedthe International Benchmark Sites Network for Agrotechnology Trarnsfer (IBSNAT)
to provide decision-makers &t the riational and farm levels with easy access to crop model and computer
expert systems to evaluate various options for sustainability in agriculture. Through this prcject computer
models for predicting the outcomes of alternative agricultural strategies have been developed through the
collaborative efforts of several scientists and institutions in the U.S. and developing countries. The
IBSNAT models are being used in a joint EPA and A.I.D. project to predict the impact of climate change
on crop production. Twenty-three countries are collaborating in this effort.

Many of A.L.D.’s agricultural projects are devoted to development of sustainable alternatives to
shifting cultivation, especially "slash and bum*, which leads to increased emissions of greenhouse gases.
A.LD. and EPA are sponsoring a state-of-the-art study by the National Academy of Sciences (NAS) to
examine the rola of sustalnable agriculture in mitigation of deforestation in the humid tropics and to define
the requirements for implementing mitigative measures. The Soil Management CRSP has, through
research and development, produced sustainable technical altematives to shifting cuttivation. The Soil
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Management Support Services and Tropical Soil Moisture Management programs have focused on
improved mariagement of dryland agriculture which will likely be severely stressed by climate change.

Improvements in management of nitrogen within agricultural sy'stems are essential to reduce
emissions of oxides of nitrogen while maintaining adequate food production. The Nitrogen Fixation by
Tropical Agricultural Legumes project, Soil Managernent CRSP, and Intarnational Fertilizer Development
Center (IFDC) are conducting research activities to substitute biological nitrogen fixation for nitrogen

fertilizer and to increase efficiency in the use of nitrogen fertilizer.

A.LD.’s livestock and commodity programs contribute substantially, through research and devel-
opment, to stabilization of national and global food supplies. Activities include plant breeding, water and
soil management, insect and disease management, culural practices, food quality, post-harvest
management, and socioeconomic studies. The design and implementation of degree programs,
management of coi:aborative research activities, strengthening of institutions, and baseline data surveys

have been integral to these programs.

Sustainable agriculture has tremendous potential to increase the environmental compatibility of
agriculture and to provide stable alternatives to shifting cultivation, which is a cause of greenhouse gas
emissions. The Bureau for Science and Technology has begun planning a CRSP in Sustainable
Agriculture. A.LD. has contracted with NAS's National Research Council for assistance with the planning
process. NAS is convening a panel of experts to identify the technical scope of the CRSP and to
recommend managerial mechanisms to enhance interdisciplinary interaction among the agricultural,
ecological, and social sciences, which is essential to the development of sustainable agricultural systems.

NOTES AND REFERENCES

1. Graham, R.L. 1990. Greenhouse gas emissions in Sub-Saharan Africa. Oak Ridge National
Laboratory, Oak Ridge.
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CHAPTER 7
NEW A.LD. INITIATIVES TO REDUCE GREENHOUSE GAS EMISSIONS

SUMMARY

A significant number of new A.L.D. climate change efforts in the energy, forestry and agriculture
sectors are being planned. They form an integral part of broader new Agency environmental initiatives.”
A.LD. new efforts in energy include plans such as the Global Energy Efficiency Initiative, programs for
supporting collaborative energy technology development and commercialization, and promotion of
technology transfer in energy efficiency and clean energy technologies in developing countries. In
forestry, key actions include expanded programs of policy research, training and institution strengthening
focused on tropical deforestati) and degradation, as well as strengthening international, muiti-donor
efforts to support forestry research and in-country tropical forestry assistance programs. New forestry
initiatives are planned in key countries including the Philippines, Indonesia, Brazil, Mexico and Zaire, which
are projected to contribute large amounts of greenhouse gases as a result of destruction of forests. Key
initiatives being explored in agriculture include intemational collaborative programs for monitoring green-
house emissions and soil 6rganic carbon stocks.

7.1 INTRODUCTION

The Congressional guidance and directive contained in the Fiscal Year 1990 Foreign Assistance
Appropriations Act calls upon A.LD. to identify "specific key countries which stand to contribute
significantly to global greenhouse gas emissions, and in which actions to promote energy efficiency,
reliance on renewable energy resources, and conservation of forest resources, could significantly reduce
emissions of greenhouse gases."

Action pians, to be credible and successful, must involve consansus and collaboration among the
developed :and developing countries. This chapter discusses a combinaiion of new A.L.D. inltiatives, ideas,
and on-gjoing programs, recognizing that 'mew initiatives' have not been approvad by official
representstives of developing country governments, and therefore cannot yet be considered 'action plans’.

7.2  A.LD INITIATIVES IN THE ENERGY SECTOR
7.21 The Global Energy Efficlency Initlative

A Gilobal Energy Efficiency Initiati'e (GEEI) has been launched by A.LD. with the active
collaboration of an ad hoc working group composed of representatives from EPA, DOE, national

* See tha A.l.D. document, "Initiative on the Environment,® released June 28, 1990.
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laboratories and non-governmental organizations. The goal of this effort Is to develop, gain international
support for, and implement an intemnatiorial program of energy efficiency, in the context of a *no-regrets’
policy outlined by Secretary of State James Baker and by A.l.D. Administrator Ronald Roskens. This effort
I being carried out as a part of A.L.D.’s new set of Environmental Initiatives announced by Administrator
Roskens on Juna 28, 1990

To reach its goal, the GEE| would sponsor six major activities:

. Model Country Programs: Building international consensus and support
for energy efficiency programs through implementing successful and
replicable model programs in certain developing countries which
demonstrate the technical, economic, environmental, and social benefits
of energy efficiency. Country programs that can serve as models for
large-scale application are presently being solicted and reviewed.

. Institution Buliding: The GEE! would help strengthen the ability of
existing institutions to plan, promote and implement energy efficiency
programs. To accomplish this GEEI would organize an energy efficiency
consultant group that would serve as a focal point for institution-building
activities.

) Encrgy Efficlency Funding: Under GEEI A.l.D. will work with the World
Bank and other multilateral and bilateral institutions to provide support for
promoting energy afficiency investments in supply and end-use. These
efforts will include the large-scale implementation of energy conservation
and efficiency measures and projects, both for retrofit and in new
installations.

. Training: GEEI would help establish an intemational consortium for
training in energy efficiency to promote energy efficiency training
programs. GEEI will also support private sector training programs such
as those being established by the U.S; Energy Association and the U.S.
Export Council for Renewable Energy. These programs, modelled after
the successful U.S. Telecommunications Training Institute, will provide
training on energy technologies and management.

. information Networks: GEE| would develop a worldwide information
network to establish energy efficiency as a priority among key
decision-makers and energy users in developing nations and Eastern
Europe, and to increase intemational coordination and collabcration in
energy efficiency. The neiwork would enable access to data on energy
efficiency performance standards, system equipment and appliance
efficiencies, least-cost planning methodologies, energy policies and

*The us. Energy Associztion is the U.S. Member Committee of the World Energy Council, an 87-
nation non-governmental organization. its members include utilities, manufacturers, government agencies,
and service firms. The U.S. Export Council for Renewable Energy is a trade assoclation dedicated to
increasing sales cf all forms of renewable energy.
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regulations of various countries, and other items relevant to energy
conservation.

. Global Energy Efficlency Study: GEE: will conduct a major study of the
potential for and barriers to increasing energy efficiency in developing
nations. This study will help quantify the actual costs and benefits of
energy conservation, raise intemational awareness of its potential, and
develop support for implementation of comprehensive energy efficiency
programs in developing countries and Eastern Europe.

7.22 Collaborative Technology Development and Commercialization Programs Among

Industrialized and Developing Countries

Developing countries face massive, daunting problems in meeting their electric power needs for
economic development in ways that are financially and environmentally acceptable. Serious capital and
managerial constralnts complicate the task of introducing environmental protection measures, whether
local or global. Only about $10 billion of the projected requirements of $100 billion per year to support
electric power development will be available from external sources, and the decline in financial
performance of power utilities in developing countries will make internal capital mobilization very difficult.

In industrialized countries, the threat of giobal warming from greenhouse gas emissions, including
carbon dioxide production from fossil fuel combustion, has prompted a search for energy and industrial
strategies and policies that can ensure economic growth and, at the same time, substantially reduce
greenhouse gas emissions. In the developing countries, cutrent financing for technology development
and commercialization is insufficient to make a majorimpact. Furthermore, multilateral development banks
and international financing instititions are technologically risk averse. Yet, such institutions do not finance
techinology research, development, and commercialization, but do play an important role in emphasizing
efficiency, power systems management, and policy reform.

Innovative approaches on all fronts will be necessary. Neither policy reforms nor institutional
strengthening, nor technological innovation alone can solve the problem of increasing the per capita
delivery of electrical services in developing countries ten-fold under severe capital and environmental
constraints. A multifaceted approach will be necessary, posing a difficult challenge for the international
community.

Indian and U.S. participants in the April 1990 PACER (Program for Acceleration of
Commercialization Energy Research) Conference in New Delhi proposed establishment of a mechanism
to raise $1 billion per year to support the development and commercialization of innovative electric power
technologies for generation and end use that would support the economic goals of deveioping countries
and contribute to reducing greenhouse gas emissions. Conference participants suggested that the funds
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could be created from a global carbon user’s fee of about $0.02 per barre! of oil or $0.084 per ton of coal,
For India the national contribution would be about $24 million per year, for the U.S. it would be close to
$235 million dollars annually. The.concept of such a carbon emissions surcharge is still controversial;
however, it (as well as schemes for intemational trading of emissions rights) is now being discussed
extensively in the intemnational energy/environment community, and needs to be explored along with other
mechanisms. A.LD. has not taken a position on the desirability of this approach.

7.23 Formation of an International Electric Utility Industry Network

A.L.D. representatives have met with senior executives from the Electric Power Research Institute
(EPRY) in the U.S. and from utilities in Westem Europe, Japan, Canada, India, China and Brazil to explore
the possibility of forming an Intemational Electric Utility Industry Network to sponsor collaborative research
and techriclogy development related to climate change. EPRI has an intemational reputation for
sponsoring and managing research and development relevant to the needs of the U.S. electric utility
industry, for financing the commercialization of innovative electric power technology, and for providing
objective, independent, and high-quality technical documentation.

In developing and implementing its power sector assistance programs, A.l.D. has often drawn on
expert advice and assistance from the U.S. electric utility industry and from EPRI. EPRI's example in
sponsoring technology development and commercialization can guide others who are constructing a
global climate-sensitive energy research and development strategy.

Several of the developing countries that A.I.D. works with have relatively sophisticated and growing
electric power sectors. Soma of these countries face special challenges in implementing supply- and
demand-side efficiency measures. Many of the innovative approaches that will be required to address
LDC electric utility needs and problems in the future will require a new interational participatory network.

A.l.D. works clusely within the MAGP! framework to identify and develop practical projects
designed to catalyze innovation in the LDC electric power sector. For many of these activities, a technical
and financial partnership with R&D institutions and commercial organizations in the industrialized countries
will be required to catalyze bankable projects leading to the successful introduction and diffusion of the
needed technological capabilities. As part of its assistance to countries such as India, Pakistan, Thailand,
and Egypt, the Agency is increasingly called upon to play the role of an intemational EPRI.

Many government and donor agencies have recognized that significant indigenous innovation will
be required to increase the technical performance and financial viability of LDC electric utilities, in part
through pricing reform, initiative changes, management improvements, increases in power plant efficiency

7-4



and capactty factors, reduced transmission and distribution losses, and significantly increased end-use
efficiency in all sectors.

Areas of primary concem that strongly suggest the usefulness of an Intemnational Electric Utility
Industry Network include the following:

. The need to disseminate information about successful experiences with
integrated or least-cost power sector planning, ie., comprehensive
planning that puts energy efficiency and conservation on an equal footing
with power generation; '

. Research, technology development, and commercialization Jf more
environmentally so'*nd energy technology, including the rehabilitation of
existing power plants, clean fossil technology, efficiency, and renewable
power generation systems;

. Training programs in least-cost planning, energy efficiency, and
renewables, involving U.S. utilities, EPRI, and the Edison Electric Institute,
as well as the utilities of OECD countiies;

) Access to software tools for environmental management, power sector
planning, and systems operation; and

. Access to media materials (films, videotapes, slides, graphics) providing
authoritative technical, economic, and environmental information on
electric power systems technology.

7.24 Promoting U.S. Exports of Clean Energy Technologles

Increased promotion of U.S. exports of er.c-gy efficient and renewabile energy technologies wouid
help developing countries meet their growing energy needs, contributs to reductions in the U.S. trade
deficit, and may help limit the economic burden, for both the U.S. and developing countries, of meeting
future greenhouse gas emission reduction requirements. it would support the adoption of energy efficient
and rerewable energy techrologies in developing countries by combining the technical leadership of the
U.S. industry, ALD.'s close working relationship with developing countries, and additional technical
resources from other agencies, such as DOE and EPA. While tha developing countries would benefit from
the transfer of tochnologies, financial investment, and technical services to meet their growing energy
demand, the U.S. would benefit by gaining a greater competitive edge in intemational markets and
reducing its trade deficit. In the longer term, all countries would benafit from a safer environment and
lower energy prices, as increased sales reduce the costs of these technologies.

The rapid growth in demand for energy in a number of developing countries has put tremendous
pressures on their financial, institutional, and natural resources. In some countries this growing demand
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Is leading to significant shortfalls in electricity-generating capacity; for example, Pakistan is currently
confroﬁtlng a shortfall of mors than 30%. Additionally, to meet the demand for petroleum in their
transportation sectors, countries have had to commit significant portions of thsir foreign exchange
eamings. The increased use of traditional fuels, particularly wood and charcoal, Is a major factor in
deforestation. As energy use has risen, air and water qualty in many locations has been severely
degraded. In addition, continued growth in demand will soon make several courtries (e.g., China, Brazil,
and India) significant contributors to global warming, with a number of others not far behind.

This situation warrants a mc:e aggressive policy to support the development and adoption of
altemative energy options. The U.S., as a leader In energy efficiency and renewable energy products,
services, and know-how, can make a significant contribution to helping developing countries meet their
needs for reliable, clean energy. A.LD. can contribute to the development of a more focused U.S. strategy
that combines export promotion, technology transfer, and training to assist developing countries in this
effort. These countries would benefit in the near term by having quicker access to and support in the use
of advanced technologies, and over the long run by having improved opportunities for joint ventures that
would encourage more local manufacturing of energy system componefits.

Increasing exports would benefit U.S. firms who would raalize higher sales and benefit from a -

stronger market base. The nation, in tumn, would benefit from lower trade deficits. A significant effort to
penetrate developing country markets now would also put U.S. industry in a better position to benefit from
increased demand for clean energy technologias, which could occur as a result of future limitations on
greenhouse gas emissions. To the benefit of both developing countries and the U.S., additional sales of
energy-efficient and renewable energy technologies would eventually lead to lower energy costs, a
particularly important benefit if it reduces the burden of greenhouse gas emission reductions. Energy
costs would be reduced if manufacturars took advantage of increased economies of scale in their
production processes and passed on the savings.

To take advantage of these or-ortunities, U.S. firms must be able to compete in international
markets against foreign firms, which often receive direct government support in the form of aid programs,
subsidized loans, protected markets, and other assistance. The U.S. has resisted participating in these
unfair trade practices, yet it does fund a number of programs to support U.S. industry. A.LD. is exploring
ways in which the Agency could significantly expand its participation in and support for these programs
as a means of giving developing countries greater access to U.S. technology and know-how and helping
U.S. industry compete overseas.
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7.3 A.L.D. INITIATIVES IN THE FORESTRY SECTOR

Both Congress and A.1.D. have recognized the need to address problems posed by unwarranted
deforestation in tropical areas. Section 118 of the Foreign Assistance Act authorizes A.l.D. to increase
its tropical forest deveiopment and conservation activities. A.LD.'s April 1988 policy paper entitied
*Environment and Natural Resources* recognized tropical forests as a special concern and declared it to
be A.l.D. policy to:

(a) engage in policy dialogues that stress (1) the importance of conserving
and managing forest resources for long-term benefit, (2) the importance
of appropriate economic incentives and tenure policies, 3) local
participation in sustainable management structures, and (4) the key role
of the private sector, including farmers, NGOs and private business, in
sustaining forestry programs;

(b) promote the management of existing forests for sustainable yields . . .
(c) provide alternatives to forest destruction . . .

(d) conserve natural forests and support the conservation of forested
watersheds, establishment of forest reserves managed for research on
natural forest processes, and designation of biosphere reserves that
protest ecosystems representative of particular forest types; and

(e) restore forest resources and support efforts to expand tree planting . . .

On June 28, 1990, A.LD. issued its "Initiatives on the Environment* which inter alia set forth
technical and policy areas of intervention in response to major environmental issues. Tropical forestry is
prominent among tiiese because “deforestation and unsustainable use and degradation of tropical forests
result in enormous and often unrecoverable economic and social costs." Environmentally sound
agriculture is also addressed, in part because in many regions of the world unsustainable agricultural
production systems contribute to deforestation.

7.3.1 Collaborative Program to Improve Management of Natural Tropical Forests and Reduce
Deforestation Rates
A.LD. proposes to expand policy development, research, technical assistance, technology
development and difiusion, institutional strengthening, and training programs designed to reduce tropical
deforestation and to encourage sustainable management of natural tropical forests.

Tropical deforestation is occurring at an alarming, and probably accelerating, rate — approximately
1% of the present stock, or 17 million hectares of forest, Is lost each year, according to recent FAO

estimates. Moreover, the quality of the remaining stock is being degraded, reducing lts capacity to
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perform a muttiplicity of essential functions. Tropical forests provide wood for industry and local use,
fruits, nuts, medicinal and other products, soil and watershed protection, climate control and other
environmental services, and also serve as habitat for more than half df the world's plant and animal
species. At current estimated rates, tropical deforestation may account for as much as one-third of total
global carbon dioxide emissions. But despite the economic and environmental benefits that forests offer,
pressures of growing populations of poor people and the foreign exchange requirements of international
debt are leading to their unsustainable use and conversion in many developing countries. Moreover,
market failures and misguided land development, land tenure, tax and investment policies, inappropriate
incentives, and other policy distortions seriously exacerbate the problem.

The time is right for an expanded program of policy research, technical assistance, technology
development and diffusion, institutional strengthening, and training focused on the tropical deforestation
and degradation problem, both as a response to the threat of global climate change and to the need to
use a valuable, indeed ireplaceable, resource for development purposes. More specifically, these
initiatives by A.L.D. will include:

. Collaborative efforts to strengthen International tropical forest
research and the Institution.] mechanlisms to carry it out. These
eiforts will involve strengthening existing national and regional programs,
international research institutions, and forestry research networks, and
examining options for additional mechanisms that may be required.
A.LD. will play an active role within the bilateral and muitilateral donor
community to promote this agenda. Institutions presently involved in this
effort include the Consultative Group for International Agricultural
Research and its international research centers, the International Union
of Forestry Research Organizations, the International Council of Research
in Agroforestry, forestry and other research institutions in developing
countries, forestry research networks such as the Asian Network on Multi-
Purpose Free Resezrh supported by A.LD. (the F/FRED project), and
others,

. Strengthening worldwlide In-country Implementation oftropicalforestry
aselstance. Significant attention will be given to reforming, restructuring,
and improving the Tropical Forestry Actior: Plan (TFAF), and working with
other donors, FAO, the developing countries, and the NGO community.

. Expanded technical services in forest management, agroforestry, buffer
zone development, conservation, and nature tourism.

. Research and analysls geared toward development and implementation
of sustainable resource management options and policy packages to
identify and address important causes of tropical deforestation and
degradation, market failures, and policy distortions.



» Strengthening the Institutional and human recource capabliities which
are needed in developing countries to carry out research and develop
and implement appropriate policies and proyrams on a continuing basis.

7.3.7 Expanded Program to Conserve and Sustainably Manage Tropicel Forests in *Key* Countries

New torestry initiatives are going forward on those *key" countries where deforestation is a major
source of greenhouse gas emissions. Significant examples include:

Philippines

A major new environment and natural resource project beginning in FY 1990 includes support for
forestry policy and managemsent as well as a debt-for-nature swap. Planned obligations for FY 1990 are
$24 miltion.

Indonesia

A new $18.5 million Environment and Natural Resources project is under preparation. It will
address both environmental policy issues and sustainable management of Indonesia’s extensive tropical
forests. An interesting feature of this project is expected to be its focus on policy de.elopment through
an applied research program that links the government's forestry research agency with a private-sector
forest concessionaire. The private sector is the key direct manager of forest resources, but it is not yet
adequately involved in identifying and addressing constraints to sustainable forest sector management.

Brazil

The primaiy focus of the program will be on promoting sustainable forest use, inter alia by
synthesizing existing information and developing new knowledge about what works, what doesn't work,
and why - in terms of sustainable land-use systems in the ecologically diverse Amazon region. Proposed
activities include support jor rasearch and workshops involving Brazilian and U.S. experts on naturai
resource econoniics, ecology, forestry, agroforestry and related fields, as well as support for existing
consortia of NGOs and government institutions that are developing and promoting the sustainable use
of Amazonian resources. Activities of these consortia inciude: policy analysis, research, evaluation and
dissemination of information on sustainable forestry and agroforestry, training, ecotourism, and the
ectablishment of parks and extractive reserves.

Mexico

A.L.D. plans to place major emphasis on promoting the conservation and rationai management
of Mexico's forest resources, particularly in the tropical and subtropical forests of southermn Mexico (i.e.,
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in areas contiguous with Central America, which has also been identified as a "key" region). Activities will
include a workshop on global climate change to increase public awareness of the problem, its
implications, and what can be done about it: operational support (equipment, supplies, technical
assistance, and training) for completing and implementing management plans for eight priority protected
areas in southern Mexico; socioeconomic studies oriented toward buffer zone management needs in
these same protected areas, development of income-generation techniques and alternatives to
deforestation; community development pilot projects in buffer zones to test alternative forest use
approaches, such as natural forest management and extractive reserves; assistance for micro-enterprics
development and community watershed protection; and training and environmental education for local
inhabitants.

Zaire

A.LD. has proposed a new $2 million global climate change initiative in Zaire, which has been
incorporated into the country action plan. U.S.A.l.D./Zaire has amended its Small Project Support Project
(SPSP) to provide additional funding for small-scale community development projacts in the Shaba and
Bandundu regions. The SPSP also has extended its funding reach beyond these regions to fund a
proposed project in the lturi Forest, Africa’s largest remaining tropical forest. The mission is also
interested in collaborating with other international donors on a debt-for-nature exchange to leverage more
funding for conservation/development projects to address natural resource management and energy-use
issues. Medium- and long-term activities to address global climate change will be developed in the near
future.

74 A.L.D. INITIATIVES IN THE AGRICULTURE SECTOR

7.4.1 International Coliaborative Program for Monitoring and Increasing Stocks of Carbon in Soll
Organic Matter
The establishment of a global network will be explored to monitor stocks of carbon in soil organic
matter at existing long-term research sites in developed and developing countries and to relate changes
in stocks to land-use management. The program would be cost effective as it would draw on existing
programs.,

Soil organic matter is the largest terrestrial stock of carbon, and increases in this stock have
tremendous potential to reduce the net increase in atmospheric carbon dioxide. The IPCC Workshop on
Greenhouse Gas Emissions from Agricuttural Systems identified this potential, but also pointed out that
there is little knowledge concerning the relationship between rates of carbon additions to or loss from the
soil stock and land-use management. Soil organic matter is a'so a source of carbon dioxide emissions,
especially when there are changes in land-use. Cultivation of soils, buming of grassiands, and
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deforestation typically expose soil organic matter to oxidation which results in emission of carbon dioxide.
The IPCC workshop noted that there is a dearth of information on stocks of carbon in soils, rates of
gaseous emissions, and the dynamics of the carbon cycles within various land-use management
practices.

A.lD. is in a unique position to increase information on stocks and changes in stocks of soil
organic carbon. A.LD. coilaborates with universities and national and intemational research institutions
who manage hundreds of research sites in developed and developing countries. These sites represent
arange of ecological zones, soil types and management practices, and frequently have well-documented
histories of land-use management. Modest investment of additional funds in these existing sites and
programs would be an extremely cost-effective means of filling these critical gaps in our knowledge. A.l.D.
will explore this possibility.

7.4.2 international Collaborative Network for Monitoring Greenhouse Gas Emlssions from
Terrestrlal Ecosystems
A global network to monitor greenhouse gas emissions could be established at existing long-term
research sites in developed and developing countries which would also relate emissions to land-use
management. The effort would be extremely cost effective as it capitalizes upon existing programs.

The IPCC Workshop on Greenhouse Gas Emissions from Agricultural Systems concluded that
agricultural systems are significant sources of greenhouse gases, that there is little information on rates
of emissions and that there is practically no information on the relationships between emissions and land-
use management.

Nitrous oxide, methane and carbon dioxide emissions result from the disruption of nitrogen and
carbon cycles in terrestrial ecosystems. Knowledge of these cycles, which is currently very limited, is
essential to management for reducing emissions from terrestrial ecosystems.

A.LD. is in a unique position to increase information on gaseous emissions from terrestrial
ecosystems and to relaie such emissions to land-use management. A.LD. collaborates with universities
and national and international research institutions who manage hundreds of research sites, both in
developed and developing countries, that represent a range of ecological zones, solil types and
management practices. Because these sites frequently have well-documented historias of land-use
management, a modest investment of additional funds to conduct research at these existing sites and
programs would be an extremely cost-effective means of filling these critical gaps in our knowiedge. A.l.D.
will explore this possibility.
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7.4.3 Sustainable Agricultural Systems Collaborative Research Support Program

A.1.D. has begunthe planning process toimplement in FY 1991 a Sustainable Agricultural Systems
Collaborative Research Support Program (CRSP) that will integrate agricultural, environmental and social
sciences within A.L.D.'s agricultural portfolio.

Promotion of sustainable agriculture is a logical way for A.LD. to respond to the challenges of
environmental degradation in the rural landscapes of developing countries. Over 30% of A.LD.'s portfolio
is in agricutture and rural development. Agricultural systems, especially paddy rice, animals, and
grasslands which are bumed, are significant contributors to atmospheric greenhouse gases. In addition,
slash-and-burn agriculture is the major contributor to deforestation. Major environmental problems within
rural landscapes (e.g., deforestation, desertification, erosion, and soil degradation) also lead to
greenhouse gas emissions.

A research program in sustainable agriculture offers opportunities to make reduction of
greenhouse gases an explicit goal within agricultural systems. Alleviation of the major environmental
problems referenced above through development of sustainable attematives, including altemative
technologies which could significantly decrease forest destruction to increase land available for
agriculture, will also reduce greenhouse gas emissions from agricultural systems.

A.L.D. has contracted with the National Research Council of the National Academy of Sciences
to direct the planning process for the Sustainable Agricultural Systems Collaborative Research Support
Program (CRSP). The Academy's final report, scheduled for submission in February 1991, will contain
recommendations for the technical scope-of-work, appropriate recearch sites in developing countries, and
criteria for selecting grantees to conduct the CRSP. The CRSP will be awarded in FY 1991 through a
compestitive bidding process.
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CHAPTER 1
INTRODUCTION

1.1 OVERVIEW

This background document supports the data and methodology presented in the U.S. Agency
for international Development report, *Greenhouse Gas Emissions and Developing Countries: Strategic
Options and the U.S.A.L.D. Response." Chapter 2 of this backgrdund document provides additional
material on population and economic growth as well as greerihouse gas emissions by source and region
for Chapter 2 of the main report on contributions of developed and developing countries to greenhouse
gas emissions. Chapter 3 of this background document presents a more detailed discussion of the
potential greenhouse gas emission scenarios developed by the Energy and Industry Subgroup (EIS) and
the Agriculture, Forestry, and Other Human Activities Subgroup (AFOS) of the Response Strategies
Working Group (RSWG) of the intergovernmental Panel on Climate Change (IPCC), discussed in Chapter
3 of the main report. Chapter 4 of this documeit provides background information on the discussion in
Chapter 4 of the main report on the potential reductions in emissions the intemational community may
be able to échieve while maintaining economic growth.



CHAPTER 2

BACKGROUND DOCUMENTATION ON CURRENT CONTRIBUTIONS OF
DEVELOPED AND DEVELOPING COUNTRIES TO GREENHOUSE GAS EMISSIONS

2.1 INTRODUCTION

This chapter provides background material for Chapter 2 of the main report, which described
current emissions of greenhouse gases and their contribution to climate warming. Estimates of emissions
were presented on a CO,-equivalant basis in Chapter 2 of the main report; here, emission estimates are
preserted in the more conventional untts, i.e., CO, in teragrams of carbon (Tg C), CH, in teragrams CH,
(Tg CH,), N,O in teragrams of nitrogen (Tg N), and CFCs in gigagrams of each chemical (Gg based on
full molecular weight).®®

2.2 POPULATION AND ECONOMIC GROWTH

Table 2-1 presents current statistics on population and economic growth, two key factors which
in part are responsible for regional variations in greenhouse gas emissions. Developing countries, with
the highest population growth rates in the world, have the lowest absolute lavels of GDP as well as
GDP/capita.

23 GREENHOUSE GAS EMISSIONS

Table 2-2 presents estimates of current emissions of the major gases by source and by region
that were used to generate Figure 2-1 of Chapter 2 of the main report. Regional estimates were available
from the scientific literature for CO,, from fossil fuels, deforestation, and cement, and for CH, from livestock
and animal wastes.®'234 Regional estimates of the other gases were derived from global (or broad
regional) estimates using regional statistics on the human activities that affect emissions. Global estimates
of methane emissions from rice cultivation, biomass buming, and fossil fuel production were
disaggregated into country-specific emissions using data on harvested rice area, tropical deforestation,
and coal mining and natural gas production.>®278 Regional estimates of CH, emissions from landfills

1 Tg = 10'? grams = 108 t = 1 million metric tons.

b1 Gg = 16° grams = 10° t.

¢ Recent data indicates that animal wastes are a significant source of methane. Therefore, we have
incorporated these emission estimates into the regional disaggregation of emissions. Animal waste

emissions are not included in Figure 2-3 since no one has yet incorporated these estimates into a
published comprehensive CH, budget.
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were disaggregated based on country-specific GNP/capita and population data.®'° Global estimates of
nitrous oxide emissions from fertilizer use, biomass buming, gain in cultivated land, and fossil fuel
combustion were disaggregated Into country-specific emissions based on data on nitrogen fertilizer
consumption, tropica! deforestation, and fossil fuel consumption.'!"'21328 Regional estimates of CFC
emissions were based on regional production estimates; these were disaggregated into country-specific

emissions based on population,12?

2-2

I



TABLE 2-1

RECENT POPULATION AND ECONOMIC INDICATORS

Average
Annual Average
1985 Population | 1085 GDP Annual GDP | 1985 GDP
Population Growth (%) ( (billions  Growth (%) per capita
(millions)  1980-1985 | of dollars) 1980-1985 | ($1,000/cap)
Low- and middle income economies® 3,705 20 2,496 3.4 0.67
Low-income economies 2,709 20 815 5.9 0.30
Middle-income economies 996 22 1,681 2.2 1.69
Sub-Saharan Africa 415 3.1 185 0.5 0.45
Zaire 31 3.0 5 1.0 0.16
East Asia 1,465 1.5 629 7.8 0.43
China 1,040 1.2 266 9.8 0.26
Indonesia 162 2.1 86 3.5 0.53
Philippines 55 25 33 0.5 0.60
South Asia 1,033 23 277 5.4 0.27
India 765 22 176 5.2 0.23
Pakistan 96 3.1 28 6.0 0.29
Europe, Middle East,
and North Africa 374 2.0 470 2.3 1.26
Poland 37 0.9 70 0.5 1.89
Latin America and
the Caribbean 387 22 682 0.5 1.76
Brazil 136 2.3 188 1.3 1.38
Mexico 79 26 177 0.8 224
Rest of Central America 25 1.0-3.5 29 -1.8-24 1.16
17 highly indebted countries 556 24 826 0.2 1.49
High-income economies® 867 0.7 8,933 23 11.65
OECD members 738 0.6 8,693 24 11.78
Total reporting economies 4,472 1.8 11,431 26 2.56

® This regional classification system is based on per capita income. Low-income economies are those that
had a GNP per capita of $480 or less in 1987, middle-incorne economies are those that had 8 GNP per
capita of more than $480 but less than $6,000 in 1987, and high-income economies are those; that had a

GNP per capital of $6,000 or more in 1987.

Sources; Reglonal data from World Bank (1989);2 Key country data from World Bank (1987).'
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Latin America 220 083 o7 oS 83 1’7 ‘13 23 47 0.04 o7 - 0.7 12 1 1 2 3 20

Brax] 41 330 28 380 e 75 0.1 12 2 0.01 0.3 03 4 4 <1 1 1 7

Mexdco (.} 3 29 104 <1 1.5 0.4 2 4 0.01 0.03 e1 3 2 <1 <1 1 4

Rest of Central America 4 82 0.4 313 <1 0.4 0.0 2 2 0.003 a1 0.1 1 1 <1 <1 <1 1
South and East Asla 2008 482 129 7 a3.2 1533 27 21 104 0.1 0.3 0.7 21 b~ 2 4 [} 38

Indla 08 3 48 133 318 10.2 1.8 8 48 0.07 0.1 0.1 2 4 «1 1 1 5

Indonesla 2 182 1.4 218 7.2 a4 0.3 8 14 0.02 0.2 0.2 5 8 <1 1 1 8

Pakdstan 12 1 07 14 1.5 1.8 0.1 1 4 0.01 0.004 0.02 3 3 <1 1 1 8

Philippines 8 57 0.4 ] 28 0.2 0.01 2 -} 0.002 0.1 0.1 2 2 <1 4 <1 3

Thalland 12 s 1.1 108 72 as 0.03 3 n" 0.003 0.1 o1 2 1 <1 <1 <t 3
World 5,183 1,702 130 r.om7 100.4 78.7 824 120 37 1.8 29 43 278 84 74 151 87 813

'mmmmmmmwm

® Other includes bk buming, land clearing, and fossll fusl combustion.

‘Munh-bnuﬂmlhlamhlgh'yumuwu MmbﬁmgWmewmddewwmmmm

Sources: Martand et al. (1888);* Houghton et al. (1967);* FAO (1966);'® Cicerone and Oremiand (1069);® IRF1 (1068);* Lemer ot al. (1683); Fung and Matthews pers.
communication; Crutzen et al. (1876);'* Bingemer and Crutzen (1867);'® Unitsd Nations (1567);® Bolie et al. (1086);!! FAO (1967);'® U.S. EPA (1900).12

24




NOTES AND REFERENCES

10.

11.

12.

13.

14,

15.

16.

Marland, G., T.A. Boden, R.C. Griffin, S.F. Huang, P. Kanciruk, and T.R. Nelson. 1989. Estimates
of CO, Emissions From Fossil Fuel Burning and Cement Manufacturing, Based on the United
Nations Energy Statistics and the U.S. Bureau of Mines Cement Manufacturing Data. Carbon
Dioxide Information Analysis Center, U.S. Department of Energy, Oak Ridge, TN.

Houghton, R.A., R.D. Boone, J.R. Fruci, J.E. Hobbie, J.M. Melillo, C.A. Paim, B.J. Peterson, G.R.
Shaver, G.M. Woodwell, B. Moore, D.L. Skole, and N. Myers. 1987. The flux of carbon from
terrestrial ecosystems to the atmosphere in 1980 due to changes in land use: Geographic
distribution of the global flux. Tellus 39B:122-139. '

Lerner, J.E. Matthews, and |. Fung. 1988. Methane emission from animals: A global high-
resolution database. Global Biogeochemical Cycles 2:139-156.

Casada, M.E. and L.M. Safley, Jr. 1990. Global Methane Emissions from Livestock and Poultry
Manure. Drait Report prepared for the Office of Air and Radiation, U.S. EPA, Washington, D.C.

Cicerone, H.J., and R.S. Oreniland. 1989. Biogeochemical aspects of atmospheric methane.
Global Biogeochemical Cycles 2:299-327.

IRRI (International Rice Research Institute). 1986. World Rice Statistics 1985. IRRI, Manila.

ICF Resources Incorporated. 19980. Methane Emissions to the Atmosphere from Coal Mining.
Report prepared for Office of Air and Radiation, U.S. EPA, Washington, D.C.

United Nations. 1987. 1985 Yearbook of World Energy Statistics. United Nations, New York.
World Bank. 1987. World Development Report 1987. Oxford University Press, New York.

Bingemer, H.G., and P.J. Crutzen. 1987. The production of methane from solid wastes. Journal
¢f Geophysical Research 92:2181-2187.

Bolle, H.J., W. Seller, and B. Bolin. 1986. Other greenhouse gases and aerosols: Assessing their
role for atmospheric radiative transfer. In Bolin, B., B.R. D8%s, J. Jager, and RA. Warrick, eds.
The Gresnhouse Effect, Climate Change, and Ecosystems. Scope 29. John Wiley and Sons,
Chichester. pp. 157-203.

U.S. EPA (U.S. Environmental Protection Agency). 1990. Policy Options for Stabilizing Global
Climate. Draft Report to Congress. U.S. EPA, Washington, D.C.

FAO (Food and Agriculture Organization of the United Nations). 1987. 1986 FAO Fertilizer
Yearbook, Vol. 36. FAO, Rome.

World Bank. 1989. World Development Report 1989. Oxford University Press, New York.

FAO (Food and Agricutture Organization of the United Nations). 1986. 1985 Production Yearbook.
Vol. 39, FAO, Rome.

Crutzen, P.J., LE. Heidt, J.P. Krasnec, W.H. Pollock, and W. Seiler. 1979, Biomass burning as
a source of atmospheric gases CO, H,, N,O, NO, CH,Cl, and COS. Nature 282:253-256.



CHAPTER 3

BACKGROUND DOCUMENTATICN ON THE POTENTIAL CONTRIBUTIONS OF
DEVELOPING COUNTRIES TO GREENHOUSE QAS EMISSIONS ASSUMING NO POLICY ACTIONS

This study relies on the grsenhouse gas emission scenarios developed by the Energy and
Industry Subgroup (EIS) and the Agriculture, Forestry, and Other Human Activities Subgroup (AFOS) of
the Response Strategies Working Group (RSWG) of the Intergovernmental Panel on Climate Change
(IPCC). Key components of these scenarios are discussed below. -

3.1 POPULATION GRCWTH

Two approaches were used to devslop the population estimates for the IPCC. For the EIS/AFOS
Reference case, population esti.uates were provided by each of the participating countries. In order to
compile a complete global popuiation estimate, World Bank population projections for countries not
participating in the davelopmert of the EIS/AFOS Reference Case were used.

For the Task A scenarios, the World Bank population estimates were used and were not varied
among scenarioz. The ‘World Bank assumed that population growth rates in developing countries will
begin to uzcline markedly after 2000, achieving a net reproduction rate of unity in every country by 2040,
(A net reproduction rate ot unity indicates that people of child-bearing age have children at a replacement
rate; it eventually leads to a stable population level.) These estimates project a global population of 8.2
billion by 2025.* Detailed population estimates for these two approaches, including estimates for the key
countries, are summarized in Table 3-1.

3.2 ECONOMIC GROWTH

For the EIS/AFOS Reference case, the economic growth estimates were provided by the individual
country participants based on their best estimate of moderate economic growth for their countries. If a
country was not participating in the development of the EIS/AFOS Reference case, information provided
by the Interrational Energy Agency2 was used to develop economic growth estimates.® In the Task A
scenarios, rates of economic growth were derived from estimates from the World Bank to reflect a “ange
of economic activity, i.e., rates that were higher and lower than recent historical experience were
developed.4 The economic growth estimates from these various approaches are summarized through
the year 2025 in Table 3-2.

® Under other scenarios ransidered plausible by many experts, global population could grow to about
14 billion by 2050.
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TABLE 3-1

GLOBAL POPULATION LEVELS THROUGH 2025
{mlillons)

EIS/AFOS Reference

Task A Report

REGION 1985 2000 2025 1985 2000 2025
United States 239 270 298 239 267 289
OECD Europe/Canada 430 456 477 430 459 483
OECD Pacific 144 159 17 144 158 166
Eastern Europe/USSR 416 472 551 416 454 500
Poland 37 40 43 37 41 . 45
Centrally Planned Asia 1,145 1,292 1,563 1,140 1,408 1,728
China 1,045 1,172 1,420 1,040 1,274 1,537
Middle East 111 172 277 111 171 277
Africa 570 871 1,498 570 872 1,498
Zaire NA NA NA 31 47 80
Latin America 402 512 711 402 530 715
Brazil 132 159 214 136 178 236
Mexico 83 105 155 79 110 154
Rest of C. America NA NA NA 25 36 54
South and East Asia 1,405 1,758 2,434 1,417 1,868 2,534
India 751 926 1,315 765 996 1,312
Indonesia 165 198 267 162 212 283
Pakistan NA NA NA 96 146 242
Philippines NA NA  NA 55 75 105
World 4,862 5963 7,979 4870 6,176 8,190

Sources: U.S./Japan Expert Group Report (1990);® Zachariah and Vu (1988).!



TABLE 3-2

ECONOMIC GROWTH RATE ASSUMPTIONS
(average annual growth rates in GDP)

(%/year)
Task A Report
_EIS/AFOS Reference Lower Growth  Higher Growth
1985- 2000- 1985- 1985- 2000- 1985- 2000-
2000 2025 2025 2000 2025 2000 2025
GLOBAL AVERAGE 3.2 29 3.0
Nortk America 2.6 2,0 22 2.0 1.5 3.0 25
Western Europe 2.6 21 2.3 20 1.5 3.0 25
OECD East 3.9 27 3.1 25 1.5 3.5 25
Eastern Europe/USSR 3.3 3.1 3.2 2.6 21 4.6 4.1
Poland 2.5 29 28 26 21 4.6 4.1
Africa 28 4.7 4.0 3.0 2.6 4.5 4.0
Zaire NA NA NA 22 1.7 42 3.7
Cent Plan Asla 5.2 54 5.3 3.5 3.0 5.5 5.0
China 5.6 5.8 5.6 3.6 3.1 5.6 5.1
Latin America 28 3.5 3.3 2.7 22 4.7 4.2
Brazil 3.2 3.2 3.2 29 24 4.9 4.4
Mexico 3.5 3.5 3.5 26 21 4.6 4.1
Rest of C. America NA NA NA 26 21 4.6 3.1
Middie East 54 4.6 4.9 3.3 28 4.1 4.6
South & East Asla 4.5 4.6 4.6 3.3 28 53 4.8
India 49 4.9 4.9 3.6 3.1 5.6 5.1
Indonesia 3.0 3.0 3.0 3.6 31 5.6 5.1
Pakistan NA NA NA 3.6 3.1 5.6 5.1
Philippines NA NA NA 26 21 4.6 4.1

Sources: U.S./Japan Expert Group Report (1990);° Task A Report (1980).*



33 EMISSION SCENARIOS ASSUMING NO RESPONSE TO CLIMATE CHANGE

This section summarizes emissions under various economic growth assumptions when no policy
actions are assumed to be taken by the international communtty to reduce greenhouse gas emissions.

3.3.1 Emisslons from Energy

The largest source of greenhouse gas emissions is the use of fossil fuels. In the IPCC scenarios,
annual global primary energy supply increases from about 306 exajoules (EJ) in 1985 to 473 EJ (2030
Emissions/Lower Growthj - 737 EJ (EIS/AFOS Reference) by 2025.¢ Tabie 3-3 summarizes fuel use by
type. Table 34 summarizes the regional differences in energy use and CO, emissions.

Key Countries

The only study for which analyses of greenhouse gas emissions from individual countries was
provided was the EIS/AFOS Reference case. The study for China was prepared by government
representatives on a preliminary basis, while the remaining country studies were prepared by independent
experts and submitted to the IPCC for consideration in its proceedings. Table 3-5 summarizes major
parameters for the key countries for which data were available.

TABLE 3-3

GLOBAL PRIMARY ENERGY SUPPLY IN BASELINE SCENARIOS
(Exajoules/year)

. 2025
EIS/AFOS '2030 Emissions Case"
1985 Reference Lower Growth  Higher Growth

Coal 86 238 159.1 276.8
oll 121 223 142.8 153.7
Gas 59 173 90.3 105.5
Hydro 19 57 43.5 48,7
Other 21 46 36.6 72.3
TOTAL 306 737 472.3 657.0

Sources: U.S./Japan Expert Group Report (1990);2
Task A Report (1990).4

® 1 Exajoule = 1 EJ = 10'® joules; 1 Exajoule = 0.95 quadrillion Btus
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TABLE 34

ENERGY AND CO,, RESULTS FROM THE BASELINE SCENARIOS

Energy Use in 2025 CO, Emissicns in 2025
Exajoules (Pg C)

2030 _Emissions* "2030 Emissions®

EIS/AFOS Lower Higher EIS/AFOS Lower Higher

REGIONS 1985 Reference Growth Growth 1985 Reference Growth Growth
United States 77.2 111 96.4 111.2 1.4 2.1 1.7 2.0
OECD Europe/Canada 62.9 103 771 91.7 0.8 1.4 1.1 1.3
OECD Pacific 19.2 39 221 24.9 0.3 0.6 0.4 0.4
Eastern Europe/USSR 749 166 128.5 143.2 1.4 28 23 27
Centrally Planned Asia 24,5 88 46.2 87.9 0.5 1.8 1.0 20
Middle East 7.7 43 28.6 34.4 0.1 0.7 0.5 0.6
Africa 8.7 46 12.8 31.6 0.2 0.8 0.2 0.6
Latin America 15.7 49 324 65.8 0.2 0.6 0.4 0.9
South and East Asia 15.1 92 28.6 66.4 0.3 1.6 0.5 1.2
TOTAL 305.9 737 472.7  657.1 5.2 124 8.1 11.7

Sources: U.S./Japan Expert Group Report (1990);® Task A Report (1990).4

TARLE 3-5

SUMMARY RESULTS FROM EIS/AFOS REFERENCE CASE: KEY COUNTRIES

Primary Energy CO, Emissions
(exajoules) {million tons C)
GDP Growth AAGR* AAGR"
(index) EIS/AFOS (%) EIS/AFOS (%)
Country 1985 2025 1985 2025 1985-2025 1985 2025 1985-2025

Brazil 100 358 6.0 15.2 27 41 129 29
China 100 877 29.0 86.0 28 503 1,719 3.0
India 100 669 8.1 36.6 3.8 98 620 4.0
Indonesia 100 332 1.8 9.3 4.2 22 141 44
Mexico 100 396 4.5 12.0 2.5 68 199 25
Poland 100 296 5.3 11.4 1.9 119 255 1.9

® AAGR - average annual growth rate in percent/year.

Source: U.S./Japan Expert Group Report (1990).3
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Other Energy Studies

Other organizations also produce forecasts of global energy use, using diverse methodologies
in order to address various concerns. These estimates provide additional comparisons to the scenarios
develcped by the IPCC. Three studies provide a range of forecasts:

. The Intemational Energy Agency forecast used ln constructing the
EIS/AFOS Reference case extends to the year 2005;2 ‘

. The Commission of the European Communities gives a global energy
forecast to the year 2010;% and

. The 14% World Energy Conference provides a range of global energy -
perspectives in the year 2020.%

These estimates contain sufficient detail on primary energy supplies to construct CO, emission estimates.
The same emission coefficients that were used in interpolating and/or extrapc.ating CO, emission results
in tha IPCC scenarios were applied to energy éonsumption estimates for the OECD as well as global
totals. In order to conform to the IPCC scenarios, only commercial energy use was accounted for, e.g.,
traditional biofuels were excluded from the calculations. The results are displayed on Figure 3-1 and
Table 3-6. Both the IEA and CEC emission estimates are higher than the EIS/AFOS Reference case,
atthough the differences are minor. The calculated emissions under both WEC scenarios remain below
those of the EIS/AFOS Reference case. The emissions in the EIS/AFCS Reference case exceed all of the
Task A emission scenarios. |

The findings of these studies tend to reinforce each other, especially when accounting for the fact
that emission estimates tend to diverge as forecast horizons lengthen. Absent changes in energy policies,
CO, emissions from the OECD will cor]tinue to rise, albeit slowly, over the next several decades.
Emissions growth in the rest of the world will be more rapid, and global CO, emissions will continue to
cause CO, concentrations to increase for the foreseeable future.

3-6

W



FIGURE 3-1

CO2 EMISSION COMPARISON
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TABLE 3-6

COMPARISON OF CO, EMISSIONS IN THE EIS/AFOS REFERENCE CASE
WITH ALTERNATIVE ENERGY FORECASTS
(blllion tons of carbon)

Study/Forecast 1985 1987 1990 1995 2000 2005 2010 2020
EIS/AFOS Reference Case 5.23 587 648 724 805 892 11.00
International Energy Agency 5.64 6.71 8.52
Commission of the European
Communities 5.35 609 681 753 827 901
14™ World Energy Conference
Moderate Scenario (M) 5.02 6.57 8.45
Limited Scenario (L) 5.02 ' 6.01 7.10

Sources: U.S./JJapan Expert Group Report (1990);% IEA (1989);2 CEC (1989);® WEC (1989).6
3.2.2 Emissions from Deforestation

The CO, emissions resulting from tropical deforestation for the various IPCC scenarios are
summarized in Table 3-7. Deforestation from temperate regions is assumed to be balanced by
reforestation.® Two rates of tropical deforestation were evaluated for the Task A Report:

. Rapid Deforestation. The rate of deforestation is assumed to increase
exponentially, based on population growth in each of the three tropical
regions (Latin America, Africa, Asia), from 11 million hectares per year
(ha/yr) in 1980 to 34 million ha/yr in about 2050, when the available area
of forests in Asia is exhausted.? The rate of establishment of tree
plantations in the tropics is assumed to be zero. These assumptions
result in an increase in net carbon emissions from 0.7 Pg C/yr to more
than 2 Pg C/yr in about 2050 before the Asian forests are exhausted.
Latin American and African forests are exhausted by 2075, reducing
emissions drastically. The total net release of carbon between 1980 and
2100 is about 140 Pg C.,

° The level of CO, emissions from deforestation is subject to considerable uncertainty due to differing
assumptions concerning the amount of carbon in the above-ground biomass, the use of the land after
it is deforested, among other factors. For these scenarios the IPCC used a lower estimate of carbon
stored in the biomass. The EIS/AFOS Reference scenario began with 1985 emissions of CO, from
deforestation at ca. 1.7 Pg C globally; no regional breakout was provided.

d4 hectare = 2,461 acres.



TABLE 3.7

NET CO, EMISSIONS FROM TROPICAL DEFORESTATION
(Pg Clyear)

Rapid Deforestaion Moderate Deforestation

REGION 1985 2000 2025 2000 2025
Latin America 0.35 0.59 0.83 0.47 0.53
Africa 0.17 0.23 0.33 .18 0.18
Asia 0.21 0.34 0.64 0.24 0.24
TOTAL 0.73 1.16 1.80 0.89 0.96

Source: Task A Report (1990).4

. Moderate Deforestation. Tropical deforestation increases gradually,
reaching 15 million ha/yr by about 2100. The rate of establishment of
tree plantations in the tropics again is assumed to be zero. These
assumptions result in emissions that total almost the same amount as in
the Rapid Deforestation case, although they are spread out over a longer
period. Annual emissions are close to 1 Pg C/yr from 2000 to 2100, The
total net release of carbon between 1980 and 2100 is about 120 Pg C.

3.3.3 Emissions from CFCs
Table 3-8 summarizes the emissions from the major CFCs for the 2030 Emissions case.
3.3.4 Emissions from Agriculture

Emissions from agricultural activities were developed by the Agricutture, Forestry, and Other
Human Activities Subgroup (AFOS) based on an IPCC-sponsored workshop held in December 1989 and
subsequent discussions. Without a response to climate change, the rates of greenhouse gas emissions
per unit of agricuiiural activity (e.g., CH, emissions per hectare of land used for paddy rice cultivation)
were assumed to remain constant over time. However, lsvels of agricultural activities (e.g., total area of
land under paddy rice cuttivation) changed through time as population and economic growth occurred.
The key activity levels are shown by region in Figure 3-2. The specific emission estimates resulting from
these assumptions are summarized in Table 3-9.

3-9
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TABLE 3-8

EMISSIONS FROM THE MAJOR CFCS: 2030 EMISSIONS SCENARIO

(10° tons)
CFC-11 CFC-12 _HCFC-22 CFC-113 CH,CClL, ccl, Halon 1301
REGION 1985 2025 185 2025 1985 2025 1985 2025 1885 2025 1085 2025 1985 2025
Unlted States 0048 0019 0108 0071 0047 0421 0058 005 0394 1835 0023 0013 00009  0.0033
OECD Europe/Canada 0.113 0.180 0.091 0.141 0.010 0.140 0.034 0.070 0.180 0.806 0.027 0.036 0.0005 0.0018
OECD Paclfic 0025 0041 0032 005 0009 0037 0039 0079 0049 0218 0008 0010 00001  0.0004
Eastern Europe/USSR 0034 0078 0072 0.152 0004 009 0009 0020 0088 0517 0014 0028 00002  0.0011
Poland NA NA NA NA “NA NA NA NA NA NA NA NA NA NA
Centrally-Planned Asla  0.005 0024 0009 0062 0001° 0018 0001 0018 0012 0035 0002 0010 <00001  0.0001
China NA NA NA NA NA NA NA NA NA NA NA NA NA NA
iMiddle East 0.003 0.018 0.003 0.022 <0.001 0.008 0.001 0.007 0.001 0.044 0.001 0.004 <0.0001 0.6001
Alrica 0.017 0.082 0.018 0.115 0.001 0.038 0.003 0.038 0.029 0.227 0.004 0.023 0.0001 0.0008
Zalre NA NA NA NA NA NA NA NA NA NA NA NA NA NA
{.atin America 0.012 0.058 0.011 0.081 0.001 0.028 0.002 0.027 0.020 0.160 0.003 0.018 0.0001 0.0004
Brazii NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Mexico NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Rest of Central America NA NA NA NA NA NA NA NA NA NA NA NA NA NA
South and East Asla 0021 0102 002 0162 0002 0052 0004 0050 0038 0299 0008 0030 00001 00007
indla NA NA NA NA NA NA NA NA NA NA NA NA NA NA
indonesia NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Pakistan NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Philippines NA NA NA NA NA NA NA NA NA NA NA NA NA NA
World 0.278 0.611 0.364 0.857 0.074 0.831 0.015 0.372 0.813 4.200 0.087 0.168 0.0620 0.0084
Worid (CO,-Equivalent
Basls; Tg CO,) 974 2139 2655 6,258 11 1,248 632 1,561 81 420 13 219 12 49
Source: Task A Report (1990).*
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TABLE 3-8

EMISSIONS FROM AGRICULTURAL ACTIVITIES:
2030 EMISSIONS SCENARIO

CH, from Rice (Tg) CH, from Animals (Tq)  N,O from Fertilizer (Tg N)

REGION 1985 2025 1885 2025 1985 2025
United States 0.8 1.0 9.8 127 0.281 0.343
OECD Europe/Canada 0.7 0.7 148 189 0298  0.588
OECD Pacific 1.8 1.3 4.6 8.0 0.024  0.036
Eastern Europe/USSR 1.6 1.8 132 164 0.311 0.584
Poland NA NA NA NA NA NA
Centrally-Planned Asia 32.1 327 69 133 0304 0505
China 26.7 27.2 6.4 121 0.282 0.462
Middle East 0.6 0.8 1.0 28 0.024  0.060
Africa 26 5.5 5.1 13.2 0.054  0.209
Zaire NA NA NA NA NA NA
Latin America 5.9 7.0 95 210 0.073  0.205
Brazil 4.1 3.7 27 4.4 0.017 0.031
Mexico 0.1 0.2 1.1 3.0 0.028 0.101
Rest of Central America 1.6 3.0 28 8.4 0.026  0.062
South and East Asia 63.4 97.9 101 18.3 0.217 0.938
India 31.1 51.6 53 9.0 0.116 0317
indonesia 73 14.4 0.5 1.1 0.027  0.341
Pakistan 1.2 1.6 1.6 28 0.029 0.164
Philippines NA NA NA NA NA NA
World 1094 1487 752 124.6 1.586 3.468

World (CO,-Equivalent
Basis; Tg CO,) 2297 3,123 1,579 2,617 460 1,006

Source: Task A Report (1990).*
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CHAPTER 4

BACKGROUND DOCUMENTATION FOR THE ALTERNATIVE APPROACHES TO CONTROLLING
GREENHOUSE GAS EMISSIONS WHILE MAINTAINING VIGOROUS ECONOMIC GROWTH

4.1 INTRODUCTION

This chapter provides key background material for the analysis presented in Chapter 4 of the main
report, which discussed the potential reductions in emissions that the international community may be
able to achieve while maintaining economic growth. The emission estimates were presented in Chapter
4 on a CO,-equivalent basis; in this chapter emission estimates are expressed in the more conventional
units prior to conversion to a CO,-equivalent basis. The policy scenarios evaluated in Chapter 4 of the
main report include three scenarios by the RSWG Expert Group in the Task A Report, including 2060
Emissions, Control Policies, and Accelerated Policies scenarios.! In addition to these scenarios, poticy
studies on several developing countries are included. These individual country studies have been
developed by independent experts for the IPCC as potential policy responses for the Energy and industry
Subgroup (EIS) and the Agriculture, Forestry, and Othet Human Activities Subgroup (AFOS) of the IPCC.2
As discussed in Chapter 3, EIS/AFOS developed a global Reference case, but they did not develop a
complete global policy case. The individual country studies presented here are preliminary and do not
reflect official government positions. They are presented to provide additional insight into the potential
effect of alternative policy responses.

None of the policy scenarios presented here address the specific actions that would be required
to achieve the level of emission reductions assumed, nor do they attempt to estimate the costs of
implementing the scenarios. The scenarios have been dasigned to evaluate what could hanpen i the
modified emission levels were achieved.

4.2 EMISSIONS ASSUMING POLICY RESPONSES TO CLIMATE CHANGE
The following sectioris surnmarize emissions from the major emission-producing activities.
4.2.1 Emisslons From Energy Use

In the policy scenarios, greenhouse gas emissions from energy-related activities are reduced
through a combination of energy efficiency measures, a shift to non-fossii energy supplies, and greater
reliance on less carbon-intensive fossil fuels (e.g., the substitution of natural gas for coal). For exampio,
in the Task A Report policy scenarios, global primary energy supply increases from about 306 EJ in 1985
to a range of 374 EJ (2060 Emissions/Lower Growth) to 527 EJ (Accelerated Policies/Higher Growth) in
2025 (see Tabla 4-1). This is compared to a range of 473-737 EJ by 2025 in the non-policy cases. The
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overall impact of these changes in energy use pattems on emissions is a significant reduction in global
CO, emissions compared to the non-policy cases (Table 4-2 and Figure 4-1

TABLE 4-1

GLOBAL PRIMARY ENERGY SUPPLY: POLICY SCENARIOS
(Exajoules//ear)

2025
*2060* *Control Policies® *Accelerated Policies"
Lower Higher Lower Higher Lower  Higher
1985 Growth Growth Growth "-Growth Growth  Growth

Coal 86 978 1315 1050 1328 85.3 101.1
Oil 121 1170 1224 1173 1224 118.8 117.0
Gas 59 916 1040 81.3 83.4 61.5 59.9
Hydro 19 412 . 487 41.1 53.3 439 53.4
Other 21 25.9 411 29.3 63.9 76.1 1947
TOTAL 306 3735 4477 3740 4558 385.6 526.1

Average Annual
Growth Rate 0.5 1.0 0.5 1.0 0.6 1.4

Source: Task A Report (1990)."

TABLE 4-2

GLOBAL PRIMARY ENERGY CONSUMPTION
(Exajoules/Year)

2025
*2060° *‘Control Policies® ‘Accelerated Policies"
Lower Higher Lower Higher Lower  Higher
1985 Growth Growth Growth Growth Growth Growth

United States 772 760 66.3 76.2 67.9 7.4 715
OECD Europe/Canada 629 65.1 56.6 65.3 58.0 62.3 62.7
OECD Pacific 192 1741 18.5 16.8 19.3 17.8 19.5
Eastern Europe/USSR. 749 94.8 99.3 95.3 101.5 84.5 924
Centrally Planned Asia 245 407 65.1 40.5 65.2 53.4 89.6
Middle East 7.7 21.7 26.4 21.6 26.6 11.0 24.0
Africa 8.7 9.8 20.5 9.7 21.2 15.0 33.5
Latin America 15.7 24.6 46.4 24.5 48.0 33.7 65.0
South and East Asia 15.1 24.0 47.5 241 48.8 37.2 68.4
TOTAL 3059 3738 446.6 3740 4565 386.3 526.6

Source: Task A Report (1990).!
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Key Countries

Table 4-3 summarizes the results of the studies for the key countries. Figure 4-2 shows the
changes in CO, emissions for the key countries as a result of policy actions,

Table 4-3

SUMMARY RESULTS FROM THE EIS/AFOS CASES FOR KEY COUNTRIES

Primary Eneray Use CO, Emissions
Average Annual Emissions ~ Average
(EJvn) Annua! Growth (Ta Chin) Annual Growth
2025 2025 (%fyr) 2025 2025 (%fyr)

1985 Reference Policy Reference Policy 1985 Reference Policy Reference Policy
Brazil 60 152 9.6 27 1.2 4 129 63 29 1.1
China 29.0 86.0 73.2 2.8 23 503 1,719 1,360 3.0 24
India 8.1 36.6 29.0 3.8 32 98 620 480 4.0 3.4
Indonesia 1.8 9.3 7.7 4.2 3.7 22 141 111 4.4 3.8
Mexico 4.5 12.0 9.1 2.5 1.8 68 199 133 25 1.5
Poland 5.3 114 5.7 19 02 119 255 100 1.9 0.4

Source: U.S./Japan Expert Group (1 990).2
4.2.2 Emisslons from Dcforestation

The IPCC evaluated only one scenario that reverses current deforestation trends. Under this
scenario, tropical deforestation is assumed to stop by 2025, while about 1 billion hectares (ha) are
reforested by 2100.* Only land that once supported forests and is not intensively cultivated was
assumed to be available for reforestation. Of the reforested land, 380 million ha are assumed to be in
plantations; as a resut, the remaining land absorbs carbon at a much slower rate but evantually reaches
a much higher level of biomass. The blosphere becomes a sink for carbon by 2000 and reaches its peak
absorption of 0.7 Pg C/yr before 2025. The size of the sirk gradually declines after 2025 as forests reach
their maximum size and extent. The reforestation scenario analyzed by the IPCC estimated reforestation
for three broad regional levels only — the tropical areas of Latin America, Africa, and Asia; no further
regional breakout was provided. The rates of reforestation are presented in Table 4-4.

® The temperate regions of the world are assumed to be in balance, I. e,, carbon emissions from
deforestation are assumed to equal uptake of carbon from reforestation.
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TABLE 4-4

NET CC)2 EMISSIONS FROM TROPICAL DEFORESTATION
(Pg C/year)

Rapid Deforestation  Moderate Deforestation  Reforestation

REGION 1985 2000 2025 2000 2025 2000 2025
Latin Ainerica  0.35 0.59 0.83 - 0.47 0.53 0268 -0.30
Africa 0.17 0.23 0.33 0.18 0.18 0.01 -0.08
Asia 0.21 0.34 0.64 0.24 0.24 002 -0.08
TOTAL 0.73 1.16 1.80 089 0.96 022 -0.46

Source: Task A Repo:! (1990).!
4.23 Emissions from CFCs

Table 4-5 summarizes the emissions from CFC use in the IPCC policy cases. The 2060 Emissions
Ccase assumed full compliance with the terms of the Montreal Protocol; the Control Policies and
Accelerated Polices cases assumed a phaseout of the major ozone-depleting chemicals.

4.2.4 Emissions fror: Agriculture

Only the scenarios developed for the Task A Report included an altermnative emissions scenario
for agricultural activities that assumed |':>oncy actions would be taken to reduce agriculture-related
emissions. This scenario did not alter the levels of agricultural activity discussed In the previous chapter.
The amount of land under paddy rice cultivation, nitrogen fertilizer use, and meat and dairy production
were assumed to remaln constant. However, technological and management improvements were
assumed that lowered the rate of emissicns from agricuttural activities. For example, methane emissions
from domestic animals were assumed to increase at half the rate of herd size between 1985 and 2050
due to productivity increases, changes in meat and dairy production techniques (such as the use of
additives like methane-inhibiting ionophores and diet changes), and alterations in animal waste
ma.agement methods. Methzne emissions from rice were assumed to decrease on a per hectare basis
by 0.5%/yr as a result of changes in cultivation techniques and cultivars. Emissions per unit of nitrogen
applied were assumed to decrease by 0.5%/yr due to changes in types of fertilizers and method of
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TABLE 4-5

EMISSIONS OF CFCS AND RELATED CHEMICALS: POLICY SCENARIOS®

(10° tons)

CFC-11 CFC-12 HCFC-22 CFC-113 CH,CCl, cCl, Halon 1301
REGION 1985 2025 1985 2025 1985 2025 1985 2025 1985 2025 1985 2025 1985 2025
United States 0.048 0.002-0.039 0.108 0.003-0.063 0.047 0.859-0.995 0.058 0-0.045 0394 0.321-0.891 0.023 0.029-0080 0.0009 0.003-3.600
OECD Europe/Canada 0.113 0.004-0.082 0.081 0.003-0070 0.010 0.1880.217 0.034 0-0.026 0.180 0.147-0.407 0027 0.0340.092 0.0005 0.002-2.000
OECD Pacific 0025 0.001-0020 0.032 00010025 0.009 0.164-0.190 0.039 0-0.030 0.049 0.0400.111 0.008 0.0100026 00091 <0.001-0.400
Eastern Europs/USSR  0.034 0.001-0.028 0.072 0.002-0.055 0.004 0.088-0.079 0008 00.007 0088 0.072-0.199 0014 00180049 00002 0.001-0.800
Poland NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Centrally-Planned Asia  0.005 <0.001-0.004 0.009 <0.001-0.007 0.001 00090011 0001 0-0.001 0012 00100026 0002 0.002-0.006 <03 <0.001-0.065
China NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Middle East 0.003 <0.001-0.003  0.003 <0.001-0.002 <0.001 0.004-0.005 0.001 0-<0.001 0.001 0.0050.013 0.001 0.001-0.003 <0.0001 <0.001-0.073
Africa 0.017 0.001-0.014 0.016<0.001-0.0i2 0001 0.0220.028 0003 00.002 0029 00230065 0004 00050015 0.0001 <0.001-0.372
Zalre NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Latin America 0.012 0.001-0.010 0.011<0.001-0.009 0.001 00160.018 0002 00002 C.020 001680046 0.003 0.004-0.010 9.0001 <0.001-0.263
Brazi NA NA NA NA NA NA NA NA NA NA NA MNA NA NA
Mexico NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Rest of Centra! Amaerica NA NA NA NA NA NA NA NA NA NA NA . NA NA NA
South and EsstAsla  0.021 0010017 0.022 0.001-0.017 0002 00290.034 0.004 00.003 0.038 0.031-0.085 0006 0.007-0.020 0.0001 <0.001-0.427
India NA NA NA NA NA NA HA NA NA NA NA NA NA NA
Indonesia NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Pakistan NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Philippines NA NA NA NA NA NA NA NA NA NA NA NA NA NA
World 0278 00110227 0364 00100279 0074 1.357-1.572 0015 00.117 0.813 0.664-1.841 0087 0.110-0.300 0.0020 0.007-8.000
World (CO,-Equivalent
Basls; Tg CO,) 974 37793 2655 74-2,037 111 2,036-2,358 632 0490 81 66-184 113 143-390 12 42-46,400

* The ranges indicated for 2025 reflect the estimated differences between full compliance with the Montreal Protocol and a complete phaseout of the majer CFCs.

Source: Task A Report (1990).!
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application. (itis possible that policies could also encourage the development of fertilizers that would alter

the total quantity of fertilizer required; however, this possibility was not evaluater by the IPCC,) Table
4-6 summarizes the impact of these policies on emissions from agricultural activities.



EMISSIONS FROM AGRICULTURAL ACTIVITIES:
TASK A REPORT

TABLE 4-6

N,O from
0] m Ric CH, from Animals (TQ) Fertilizer (Tg N)
2025 2025 2025 2025 2025 2025
REGION 1985 Referenco Policy 1985 Reference Policy 1985 Reference Policy
United States 0.8 1.0 0.9 9.8 12.7 103 0281 0343 0."°S5
OECD Europe/Canada 0.7 0.7 06 148 18.9 167 0298 0.588 0.482
OECD Pacific 1.8 1.3 1.1 4.6 8.0 85 0024 0036 0.029
Easten Europe/USSR 1.6 1.8 1.5 132 16.4 134 0311 0584 0478
Poland NA NA NA NA NA NA NA NA NA
Centrally-Planned Asia  32.1 32,7 26.7 6.9 13.3 112 0304 0.505 0.413
China 267 27.2 222 6.4 121 102 0282 0462 0378
Middle East 0.6 0.8 0.6 1.0 28 23 0024 0.060 0.049
Africa 26 5.5 4.5 5.1 13.2 11.0 0054 0209 0.171
Zaire NA NA NA NA NA MA NA NA NA
Latin America 5.9 7.0 5.7 9.5 21.0 173 0073 0205 0.168
Brazil 4.1 3.7 3.0 2.7 4.4 3.6 0.017 0.031 0.025
Mexico 0.1 0.2 0.1 1.1 3.0 25 0028 0.101 0.083
Rest of Central America 1.6 3.0 25 2.8 8.4 69 0026 0.062 0.051
South and East Asia 63.4 979 801 101 183 16.0 0217 0938 0.767
India 31.1 51.6 422 5.3 9.0 80 0116 0317 0.260
Indonesia 7.3 14.4 11.7 0.5 1.1 09 0027 0341 0279
Pakistan 1.2 1.6 1.3 1.6 29 25 0029 0.164 0034
Philippines NA NA NA NA NA NA NA NA NA
World 1094 1487 1216 752 1246 103.7 1.586 3468 2822
World (CO,-Equivalent
Basis; Tg 502) 2297 3,128 2554 1579 2617 2178 460 1,006 818
Source: Task A Report (1990).!
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