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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 which 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 estimate 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 also 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 we learn more about

climate change--in terms of the science, policy, institutional
 
and other aspects--our strategy will evolve further.
 

R natly 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 Forcinq (also called '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 include: 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/m2) or the equilibrium change in surface temperature in the absence of 
feedbacks (oC). 

General CIrculatlon 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 cabon dioxide emissions to unit primary energy consumption (106 tons C02 divided 
by total energy consumption measured in exajoules). 

Global Warming Potential (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 CO2. 

*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. 

-V. 



STATEMENT OF THE SEVEN MAJOR INDUSTRIAL DEMOCRACIES
 

:One of our m 
whose heatlbeauty, ad economic potential are not threatened. Envlronmental challengessuch 
as: climate change, ozone depletion, deorestation, marine pollution, and loss of biological diversity 
Srequlr closet.and mom effective International cooperation: and: concretaactlon. We as 
Industrializedcountries have an obligation to be leaders in meeting these challenges. Weagree 
that In the face of thrv of irreversible environmental change,; lacksof full sclentfc certainty is no 
excuse to postpone actions which are jUstified In their own right... 

... Important responsiblitles is to pass on tofuture generations an environment 

Climate change is of key importance. We are committed to undertake common efforts to limit 
emissions of greenhouse gases, such as carbon dioxide. We strongly support the work of the 
intergovernmental Panel on Climate Change (IPCC) and look forward to the release of its full report 
in August... 

. We welcome tile amendment of the Montreal Protocol to phase out the usG of 
chlorofluorocarbons (CFCs) by the year 2000 and to extend coverage of the Protocol to other ozone 
depleting substances.. 

To cope with energy-related envionmental damage, prioritymusAt be gqVen to Improvements in 
energy efficiency arid to the developmentof alternative energy sources ... 

... We are determined to.take action to increase forests, while protecting: existing ones and 
recognizing the sovereign rights of all countries to make use of:ther natural resources... 

...Cooperation between developed and developing countries is essential to the resolution of global 
environmental problems... 

Excerpted from 
THE HOUSTON ECONOMIC DECLARATION 

Signed by.the Heads of-State and Government 
of the seven m~ajor:industrial democracies 

and the President of the Commission of the European Communfties 

Juy11, 1990 

-VII­



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.I.D.) to prepare a report that (1) examines the 

potantial 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 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 new initiatives being considered by A.I.D. to promote 

sustained economic growth in developing countries while minimizing greenhouse gas emissions. 

Estimates of present and projected emissions, including 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 tie 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 based on the concept of Oglobal warming potential,' which is used to compare the potential 

warming effects of different greenhouse gases.) Carbon 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 chlorofluorocarbon (CFC) emissions are known 

fairly 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 
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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 burning 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 before 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 4 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 successful 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~lting a balanced and 

comprehensive strategy 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. However, even in the highest 

growth scenario developed by the IPCC, the per capita contributions of developing 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 systems will be central to sustainable development 

strategies based on technological and industrial modernization for all countries and regions. The use of 

available technologies and practices, particularly for increasing end-use energy efficiency, can mitigate 

greenhouse gas emissions. 

3. 	 A.I.D.'S ON-GOING PROGRAMS AND PROPOSED INITIATIVES IN ENERGY, FORESTRY, AND 

AGRICULTURE 

A.I.D. is pursuing a strategy on global change that supports robust, sustainable development 

paths valid in the face of scientific uncertainty. This strategy is consistent with the Ono-regrets' policy 

enunciated recently by Secretary of State James Baker. Thus, investments in energy efficiency, 
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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 million and $248 million, respectively. The present 
level of assistance supports activities in about 40 A.I.D. missions, as well as in additional countries, 

through regional and centrally-funded programs. 

On-Going Programs 

A.I.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 environmental 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 multilateral development banks and other bilateral 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.I.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.I.D. has launched several noteworthy initiatives. 

In collaboration with the U.S. Environmental Protection Agency (EPA), A.I.D. has commissioned the 
National Academy of Sciences to assess the potential of sustainable agriculture to reduce ratos of 
deforestation, to idantify requirements for overcoming the constraints to adcption of sustainable 

agricultural systems, and to recommend sites for implementation of sustainable agriculture projects. 

In May 1988, A.I.D. announced a debt-for-development initiative. Under the program, A.I.D. 
supports the purchase - normally through non-govemmental 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.I.D. is providing financial support in Guatemala for the first project Intended to offset the carbon 
dioxide emissions of a new coal-fired power plant in Connecticut. The project consists of a number of 
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forestry Interventions designed to sequester 15.5 million tons of CO2 over 40 years, equivalent to the 

carbon dioxide emitted by the coal plant. 

Proposed Initiatives 

A Global Energy Efficiency Initiative (GEEI) has been launched by A.I.D. with the active 

collaboration of an ad hoc working group composed of represmatlves from EPA, DOE, national 

laboratories, and NGOs. The goal of this effort Is to Implement an international program of energy 

efficiency. This is being carried out as apart of A.D.'s new set of Environmental Initiatives announced 

by Administrator Ronald Roskens on June 28, 1990. 

A.I.D. Is expanding its support for the transfer of existing technologies and practices, as well as 

for joint venture energy technology development and commercialization. A.I.D., Incollaboration with other 

U.S. government agencies, will contribute to export promotion, technology transfer, and training. New 

training Initiatives will address the needs of A.I.D. and host country governments 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.I.D. is working with the U.S. Electric Power Research Institute (EPRI), and with electric utilities 

inWestern 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 itout; 

Expanded technical services Inforest 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, rct 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.I.D. Is planning to implement in FY 1991 a Sustainable Agricultural Systems Collaborative 

Research Support Program (CRSP) that will Integrate agricultural, environmental, and social scencos 

within A.I.D.'s agricultural portfolio. Inthe agricultural sector, the establishment of a global network 

will be explored to monitor stocks of organic carbon In soil at existing long-term research sites In 

developed and developing countries, and to relate changes instocks 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 sin.e they draw on existing programs. 
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CHAPTER 1
 

INTRODUCTION AND OVERVIEW
 

SUMMARY
 

Prepared as a response to the Congressional directive, this report analyzes current greenhouse 

gas emissions data for deveoped and developing countries (including A.I.D.-deslgnated '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, face the triple-bind 

problem of Inadequate capital mobilization for energy development, deteriorating performance of electric 

utilities, and severe environmental issues. This situation calls for unprecedented collaborative actions and 

strategies between the industrialized and dcveloping countries to accelerate economic growth while 

minimizing greenhouse gas emissions. 

1.1 GREENHOUSE GASES AND CUMATE 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 surface by deforestrAlon, agricuture, 

and the expansion of human settlements. The smospheric 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 

proporties 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. Concern 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 Inthe global mean 
temperature which, In terms of either magnitude or rate of change, would be 
unprecederted In mankind's entire history on earth. Present day global climate models 
predict a warming of 1.50-4.50C for a C02 doubling within the next century. In contrast, 
the earth's temperature has risen only 0.5-4.C Inthe last century, and probably has not 
varied more than 1-29C in the last ten thousand years, or 6-70C in the last million years. 

* 'Greenhouse" gases include water vapor, carbon dioxide, methane, nitrous oxide, and certain 
manmade chemicals that absorb and reradlate some of the heat radiated from the earth's surface. In a 
rough sense, these gases trap some 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 social and cultural Infrastructure over the last 7,000 years 
has taken place entirely within an average global climate neither 10 warmer nor colder 
than the climate of today. 

While there are apparent differences of opinion about the nature, extent, and speed of the 

changes associated with this warming, the Issue of global 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 concerns without hampering the 

development process in the world's lower- and middle-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 international response to the threat of climate change through the Intergovernmental 

Panel on Climate Change (PCC). 

1.2 PURPOSE AND FOCUS 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 1990 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 State, 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 slgnitanty to global greenhouse gas emissions, and in which actions to 
promote energy efficleny, 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 methodologies already developed 
by tha EPA for their reporn 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 Change' (IPCC), which wil issue its formal report later this year. The present and projected 

emissions from A.l.D.-designated 'key countries' are also presented. While this report summarizes some 

of the technical- and policy-related aspects of controlling greenhouse gas amisslons, 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 greei ihouse gas emissions. 

1.3 CHALLENGES TO THE INDUSTRIAUZED AND DEVELOPING COUNTRIES FROM CUMATE 

CHANGE
 

Eventual stabilization of the atmospheric concentrations of greenhouse gases and the attendant 

global climate change will require sustained Implementation of a long-tean strategy. Addressing the 

climate change problem requires an appreciation of the problems that developing countries face Inman­

aging energy/power demand, forest resources, and agriculture. 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 will contribute a 

substantially greater share over the coming three to five decades. This isprincipally because invirtually 

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 represent 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 incroasingly severe environmental constraints. Only about $10 

billion of the projected $100 bl1. in per year required for developing country power systems development 

will be available from all external sources, Including both official bilateral and multilateral development 

assistance agencies as well as private creditors. 

'The Intergovemmental Panel on Climate Change (IPCC) was established under the auspices of the 
United Nations Environment Programme (UNEP) 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 ischaired by the United Kingdom. Working Group #2 Isassessing 
the pot, ial 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 chaired 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 difficult challenge for the international community.2 While the environmental problems of tho 
developing countries were perceived as local in nature, they could be ignored by the larger international 

commurnity. The recognition 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 by and large required independent of the 
magnitude and timing of possible global climate change. This Is, Ineffect, the 'no regrets' policy that has 

a broad International appeal. 

RATIONALE FOR THE NO RGRETS POUCY UNDERLYING. 
U.S. RESPONSES TO THE CHALLENGE OF GLOBAL CUMATE CHANG."E 

... Wecanprobablynot towaI tunti of theuncenteshave beenresoed beorewe 
do tot Timewillnot makethe problem go away ... 

. .. While scenfsts refine the state of our knowledge, we shoUld.focus Immediately on prudent 
steps thatare already justiffedon grounds other than climate change. These Include reducing CFCemissions, greater energy efficiency and reforestatio . . 

Whatever global solutions to global climate change are considered, they should be as specific
and cost-effective as they can possibly be... 

...Solutdons will be most effective if they transcend the great fault line of our times, the need to 
reconcile tfc transcendent requiroments for both econoric development.and a safe environment 

The Honorable James A.Baker Ill, Secretary of:Statea 
before the Response .tmtoglesWorkingGroup, 

Intergovernental Panel,on Cflmate Change 
Department.of State 

January 30, 1989 

Many developing countries are also facing major challenges to the sustainability of both forest 

resources and agriculture. The need to maintain and expand tropical forest resources and habitat and 
to halt deforestation, to minimize ecological disruption and desertification, to conserve biological diversity, 
and to expand the basis for sustainable agriculture underlies many of A.I.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 agriculture. 
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Effective 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, development, technology
commercialization, and policy changes worldwide; 

4 	 establishing financial and institutional resources to 
support these mechanisms; 

a 	 implementing energy efficiency measures, both insupply
and demand (such measures, to be credible, must be
taken domestically as well as intemationally); and 

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

2. 	 Policies and actions expected of all nations in addressing greenhouse
gas emissions must be equitable interms 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. 

Inthis 	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 arm more readily quantifiable as to impact 
and cost than related strategies in the forestry and agriculture sectors. 

1.4 A.I.D. KEY COUNTRIES 

A.I.D. 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: 
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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.I.D. recognizes that China should play an important role in any oveall global warming policy initiative. 

A.I.D. 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. A.I.D. 

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 multi­

agency-sponsored power assessment and energy efficiency project, promotion of clean coal technologies, 

and major technology development and commercialization efforts. These programs allow A.I.D. to expand 

activities in India under A.I.D.'s Global Warming Initiative. 

The rapid deforestation in the Amazon region and its associated significant CO2 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, and the opportunity for A.I.D. to develop model programs in forestry, and in energy 

efficiency and planning. The knowledge and expertise A.I.D. 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.I.D.'s regional Mission In Central America, the Regional Office for Central America and Panama 

(ROCAP), prfdes an organizational mechanism for developing a regional response. 

Designation of other key countries reflected a combination of current and expected future 

For example,contributions to global warming, and a reliance on the subjective factors outlined above. 

Zaire was chosen over the Ivory 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 America Includes Belize, Costa Rica, El Salvador, Guatemala, Honduras, Nicaragua, and 

Panama. The region 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 Isvery high, Indicating that the 

country could benefit from implementation of energy efficiency programs. 

NOTES 	AND REFERENCES 

1. 	 E. Arrhenius and T. W. Waltz. 1990. The Greenhouse Effect: implications for Economic 
Development. World Bank Discussion Papor 78. World Bank, Washington DC. 

2. 	 Jhlrad, D. 1990. Power Sector Innovation InDeveloping Countries: Implementing Multi.Faceted 
Solutions. Annual Review of Energy, Volume 15, pp. 365-398. Annual Review, Inc. Palo Alto, 
California. 

'A..D. is considering broadening the Zare 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 GREENHOUS2 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 exclusively 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 

Greenhouse 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, particularly 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 (CO2), 

methane (CH4), nitrous oxide (N20), 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 discuss(.d. 

'Present" In this chapter Is defined as the year 1985, except where noted. 
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FIGURE 2.1
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Sources: 	 Marland et a]. (1989); Houghton et a]. (1987);2 Cicerone and Oremiand (1989);3 IRRI 
(1986);4 Lemer et al. (1987);* Fung, pers. communication, Crutzen et al. (1979; Bin­
gemer and Crutzen (1987);7 United Nations (1987);8 Bolle et al. (1986); FAO 

Shine et al. (1990).12 (1987);10 U.S. EPA (1988);" 
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2.2 THE CONCEPT OF "GLOBAL WARMING POTENTIAL' 

The relative ability 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 Potential' 

(GWP). The GWP* accounts for differences in molecular structure and atmospheric lifetime of the various 

greenhouse gases, and expresses their 'raditive forcing'** relative to that of C02. 

The GWP concept Is fairly new, and there is still disagreement inthe policy community over the 

most appropriate methodology for calculating GWPs. This report uses the GWPs deve'oped by consen­

sus within the Intergovernmental Panel on Climate Change (IPCC) 12 as shown inTable 2-1. For example, 

1kilogram of methane emitted 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 C02-equlvalent basis. (The use of the GWPs rather than the 

'greenhouse index' recently introduced by the World Resources Institute is discussed in Note 13.13) 

Total and per capita emissions of the major greenhouse gases by region and key country, on a CO2­

equivalent basis, are presented in Table 2-2. 

TABLE 2-1
 

GLOBAL WARMING POTENTIALS
 

Trace Gas GWPa 

C02 1 

CH4 21 
N20 290 
CFC-1 1 3,500 
CFC-1 2 7,300 

aGlobal Warming Potentials following the instantaneous injection of 1 kg 
of each trace gas, relative to C02, for a 100-year time horizon. 

Shine et al. (1990).12 Source: 

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

**'Radiative forcing' isdefined as achange 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 CO2 Equivalent)
 

Total 	 Emissions 
a N200REGIONS 	 C0 2 CH 4b CFCsd Emissions Percent Per Capita 

OECD 	 9,487 1,635 734 3,135 14,853 37.1 18.3 

Eastern Europe/USSR 5,046 911 236 710 6,878 17.2 16.5
 
Poland 432 123 18 64 636 1.6 17.1
 

Centrally Planned Asia 2,775 1,284 224 90 4,369 10.9 3.8 
China 2,168 1,028 160 55 3,410 8.5 3.3 

Middle East 	 524 69 18 40 650 1.6 5.9 

Africa Z005 635 180 200 3,020 7.5 5.3 
Zaire 132 28 15 11 186 0.5 6.1 

Latin America 3,280 985 331 140 4,730 11.8 11.8 
Brazil 1,394 482 155 46 2,077 5.2 15.7 
Mexico 381 88 29 29 526 1.3 6.4 
Rest of Central America 206 49 25 9 288 0.7 11.4 

South and East Asia 2,832 2,187 2$r6 270 5,572 13.9 4.0 
India 495 1,011 56 39 1,602 4.0 2.1 
Indonesia 789 294 93 58 1,234 3.1 7.5 
Pakistan 50 81 7 34 171 0.4 1.8 
Philippines 240 101 27 19 387 1.0 7.1 
Thailand 394 227 44 18 683 1.7 13.2 

WORLD 	 25,949 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. 

a Includes emissions from fossil fuel use, tropical and temperate deforestation and reforestation, 
and cement production. 

b Includes emissions from rice paddles, livestock, fossil fuel production, biomass burning, and 
landfills. 

c Includes emissions from fertilizer use, land clearing, biomass burning, and fossil fuel combustion. 

d Includes CFC-11, CFC-12, CFC-113, HCFC-22, Halon 1301, carbon tetrachloride, and methyl 
chloroform. 

Sources: 	 Marland et al. (1989);' Hcughton et al. (1987);2 Cicerone and Oremland (1989);3 IRRI 
(1986).4 Lemer et al. (1988); Fung and Matthews pers. comminication; Crutzen et al. 
(19 79 )-1Bingemer and Crutzen 1987);7 United Nations (1987);0 Bolle et al. (1986,

"FAO (1987); 0 U.S. EPA (1988);' Shine et al. (1990);1 Zacharlah and Vu (1988);" 
FAO (1986).15 
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Greenhouse G EmW*Ww Dat mnd Uncrltlntlw 

:.LD. has nod conducted an Independent review of the data sources and data quality. The 
embalmsso: data usedn the; repo are:baced dectly on the data curmrntly ussd by the IPCC and 
tha.U.S. Eronmwert Protection Agency PA) intheirown extensive kwesfigations ofgreenhouse 
on8 emsskions and impacts and are extensively referenced In the text. 

The uncertaintles in the emissions data presented Inthis repot do.not aft-tthe response
strategy proposed by the.Agency. For exampl oven Rfthe lower bound of::t large uncertafity 
range for carbon dioxide emissions fro deforestUW were correct, the associated rate of 
deforesatiton warrants the forest managenA kINUdati presented InChapter 7. 

Greenhouse gas emissin data arm presentedfi this report at the globA, regional, and. 
natlona. levels and am presented Interma oft ucarbon dioxide equivalents rather than Inprimary
physical units. The prmary physical data for erission of m thn, nitrous oxide, and CFCs have.. 
each: been, corted to a O-equivalent basis using the concapt of the Global Warming Potential 
(GWP as dcssed Inthe text (page 2). 

The use of the GWP method to convert the knpact of the various greenhouse gas"~ to a." ..... ... . . ....... .................... y
common measure, expressed Intom fthe equvaenw misslonsoof 0 a been aotdb 
the IPCC. However, there are dlc~sunder ltUth scloent ccommunity regarding the niost 
approptiwe .iie ology for comparing the Impacts of the various gre ot gases, For the 
purposes of this Report the use of the GWVP provides thebest way to compare the vark~us sources 
and Impacts of g emissions. 

There am uncertaintles Inthe available greenhouse gas emisson pimary data These
uncertainties are discussed inthe report and illustrated inthe figures presented InChapter 2. In 
the data tables the emissions data are presentedassingle values (usually t mid-point of the 
uncertainty range), with the uncertainties sunmarizad either in the table, a corresponding figure, or 

*the text 

The sor of the-upportal iInd g alootp al monitoring programs and
 
measurernent c-apblities, dilferkinterpretations of saefl data on changes Inland cover, and
 
dff*Wn eftxted inlso, lndgles used to estimate emisk the degree accuracy of greenhoUsegaMonitoring 90tvities vary sibstarntially from one county to arother.: Inmany cases the country­
level estinates developed by the IPCC end, PA: are based on Hlgto l lo-

The degree of twoertainty2varies by gas, by source (eq, energy, agriculture),a~nd by georpi aa Un-.raites incarbon dioxide em issions fom fossil fuel combustion are 
smllbeaueuel.use nnw rldwide, and 0* carbondo~de emnissions from combustion 

of coal, oil, and natual gas are vety wellunderstood. By corytras the uncertainty range for the data
uised for carbon dioxide emissions from dfrsainIs very large, with arange of 1,450-9,5W MMT 
CO -equivalent We year. The upper end of the range Isequivalent to about one-half of* the C002.
emQsions from,fossl Wues. The lovw end of the range Isequivalent to about M%Recent satellite 
measurements for Brazil support both lower rates of deforestation and anarrower uncertainty range
than Indicated inthe IPCC data used Inthis Report. Ingeneral, the most reliable greenhouse gas
emissions data )resentd Inthis Report are at teglobal level of aggregation. 
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2.3 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 amosphere. Global anthropogenic emissions of CO2 In1985, resulting from fossil fuel 

combustion, deforestation, and cement production, totaled 21,000-29,000 million metric tons 

(MMT).1 2'16 12 The uncertainty in the estimate of total CO2 emissions is primarily due to large uncertain­

ties Inthe 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 65-90% of the total CO2 emissions from 

anthropogenic sources. The OECD accounts for almost one-half, and the A.I.D.-designated key countries 

account for nearly 20% of global CO2 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 2 emissions. About 95% of the CO 2 emissions from this 

source result from deforestation Inthe tropics. Six countries were responsible for over half of the tropical 

release In 1980: Brazil, Indonesia, Colombia, the Ivory Coast, Thailand, and Laos.2 Estimates of CO2 

emissions from deforestation range from about 8% to 50% of CO2 emissions from fossil fuel combustion. 

This wide range is due to uncertainties in the annual regional rates of deforestation, the amount of carbon 

storeci Indifferent 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 deforstaton. Preliminary results of the FAO 'Forest Resources Assessment 1990' project show 
that estimated 1981-1990 deforestation rates are 17.0 million ha/yr (42 million acres/yr). 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, Cameroon, 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 CO2 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 uses 8 million hectares/yr as the most recent estimate. Recent Brazilian data 
suggest a linear rate of deforestation of 25,000 km2/year (2.5 million ha/year) ±20%. 
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FIGURE 2-'
 

CURRENT CARBON DIOXIDE EMISSIONS 
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NOTE: 	The deforestation bar outfined with a dashed line IlLstrates the uncertainty In the estimate for 
emissions from this source (see footnote on page 2-). 

Sources: Marland et al. (1989);1 Houghton et al. (1987);2 Detwiler and Hall (1988).16 
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TABLE 2-3
 

COMMERCIAL ENERGY CONSUMPTION,
 
CO2 EMISSIONS, AND CARBON INTENSITY
 

1965 

Fossil Fuel Fossil Fuel 
Primary Energy CO2 Carbon CC2 Emissions 

Consumotion (EJ)a Emissions Intensity Per Capita
REGIONS Oil Gas Coal Other' (MMT C0 2) (MMT CO2 EJ) (Tons CO2 cap) 

OECD 	 68.50 29.08 34.17 27.45 9,180 57.7 11.3 

Eastern Europe/USSR 23.11 21.68 25.70 5.04 4,860 64.3 11.7
 
Poland 0.90 0.40 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 1.9 

Middle East 5.28 2.22 0.10 0.35 490 61.6 4.4 

Africa 	 3.69 1.15 3.33 5.31 610 45.3 1.6
 
Zaire 0.03 0.01 0.39 3 7.0 0.1
 

Latin America 8.80 2.63 0.77 6.94 810 42.3 20 
Brazil 1.67 0.05 0.37 3.86 150 252 1.1 
Medco 2.79 0.90 0.14 0.65 250 55.8 3.0 
Rest of Central America 0.18 - 0.40 10 17.2 0.4 

South and East Asia 7.56 1.26 4.37 8.45 980 	 0.745.3 

India 1.62 0.14 2.62 3.74 360 
 44.3 0.5
 
Indonesia 0.96 0.21 0.04 0.61 80 
 44.0 0.5
 
Pakistan 0.32 0.32 0.05 0.54 40 
 32.5 0.4
 
Philippines 0.37 0.05 0.52 30 31.9 
 0.5 
Thailand 	 0.45 0.10 0.06 0.02 40 63.5 0.8 

WORLD 	 121.49 58.50 86.44 61.72 18,900 57.6 3.9 

a 1 EJ = 	1 Exajoule = 10 8 joules = 0.96 x 1015 Btus. 

bOther includes nuclear, hydro, geotltemal, commercial and non-commercial biomass, and solar. 

Sources: 	 Madand at al. (1989);1 United Nations (1987);a Meyers and Leach (1989);' 7 Zachadah and 
Vu, (1988).14 
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as an A.I.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 C0 2-equivalent basis; approximately 

60-70% is anthropogenic.3'12  Natural sources include wetlands, termites, oceans, and freshwaters; 

anthropogenic sources Include paddy rice cultivation, enteric formentation in domestic animals, coal 

mining, natural gas leakage, biomass burning, landfilling of organic wastes, and a small am.,,nt from 

Incomplete combustion of fossil fuels (Figure 2-3). Estimates of emissions from each source are highly 

uncertain due to lack of data (e.g., measurements of CH4 emissions from Asian rico paddies, data on the 

amount of leakage from natural gas distribution systems._) 

FIGURE 2-3 

CURRENT METHANE EMISSIONS 
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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 Oremland (1989);3 Shine et al. (1990).12 
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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 annual anthropogenic 

CH4 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.4 Domestic animals that produce the bulk 

of the CH4 are (in decreasing order, based on amount of CH4 produced) non-dairy cattle, dairy cows, 

buffalo, goats, sheep, camels, pigs, and horses. Currentfy, approximately 57% of CH4 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 CH4 emissions 

from this source.5 

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 C0 2-equivalent basis.9,12 18 Natural sources, which release about 60% of the emis­

sions, include soils and the oceans. Anthropogenic emissions result from land-use modification (biomass 

burning and gain in cutivated land), use of nitrogen fertilizers, and fossil fuel use (Figure 2-4). Aquifers 

and surface waters, contminated from fertilizers and animal and human wastes, may also release signifi­

cant amounts of N20.i 

FIGURE 	2.4 

CURRENT NITROUS OXIDE EMISSIONS 
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Source: Bolle t al. (1986);9 U.S. EPA 11990); 18 Shine et al. (1990).12 
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Use of nitrogen fertilizers, the most abundant fertilizer nutrient consumed worldwide, contributes 
10-30% of the total anthropogenic N20 emissions. Asia, Western Europe, Eastern Europe, and North 
America together consumed about 85% of the world's nitrogen fertilizers in 1985/1986. The twelve largest 
consumers (indecreasing order) are China, the USSR, the U.S., India, France, the United Kingdom, West 
Germany, Indonesia, Poland, Mexico, Canada, and Italy. Together, these countries account for almost 
75% of the annual nitrogen fertilizer consumption.10 

2.3.4 CFCs and Halona 

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 inthe manufacture of electronic components. Halons are 
used principally in fire extinguishers. CFC demand In the developing world is expected to grow inthe 
future as demand for refrigerators and air-conditioners grows. 

Because of concern about the effect of these chemicals on stratospheric ozone, an international 

agreement to reduce their emissions ('The Montreal Protocol on Substances the Deplete the Ozone 
Layer,' or the Montreal Protocol was signed in 1987. 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 1990, when an International agreement was reached to completely phase 

out production of the major CFCs and halons by 2000, and production of carbon tetrachloride and methyl 
chloroform by 2000 and 2005, respectively. Under 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. 
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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 POUCY 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 C02 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.l.D.-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. 

INTRODUCTION 

Future greenhouse gas emissions from Eastern 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 turn 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 

consequences 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'.1 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 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 
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 scenarios of future emissions of greenhouse gases. These Initial 
reference scenarios provided guidance for the various working groups of the 
IPCO; they will be referred to as the 'Task A'scenarios.2 

The Task A scenarios describe aseries of alternative greenhnuse gas emission trends that lead 

to different rates of atmospheric buildup of greenhouse gases and hence, differences in the rate and 

magnitude of climate change. The scenarios specify specific targets of atmospheric concentrations by 

certain future dates. They ar?.: 

0 2030 Emissions Scenario: equivalent CO2 concentrations reach avalue double 
that of pre-industrial atmospheric concentrations of C02 by 2030. 

0 2060 Emissions Scenario: equivalent C02 concentrations reach a value double 
that of pre-industrial atmospheric concentrations of C02 by 2060. 

a Control Policies Scenario: equivalent C02 conrentrations reach avalue double 
that of pre-industrial atmospheric concentrations of C02 by 2090 and stabilize 
thereafter. 

0 Accelerated Policies Scenario: equivalent C02 concentrations stabilize at a 
level less than adoubling of pre-industrial atmospheric concentrations of C02. 

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 EISIAFOS 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 Policiea, and Accelerated Policies assume some policy 

actions by the intemational community to reduce greenhouse gas emissions. The differences among these 

cases can be illustrated best by comparing the global primary energy mix reflected Ineach 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 

Level of 

Greenhouse Gas 
EmissionEnergy
_SUpbSCENARIO Energy Deman _ _ Controlsd CFC Status* Deforestation' Agriculture0 

EIS/AFOS Carbon- Business as Modest; Protocol/low Mcderate Current
 
Reference intensive usual business as compliance trends
 
Case' 
 usual 

2030 Carbon- Business as Modest; Protocol/low Rapid/ Current
 
Emissions intensive usual business as compliance Moderate trends
 

usual
 
'7 = i 

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-fossil 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. 

b For the Carbon-intensive cases, energy supply 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. 

CIn 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 annual rate of Improvement in energy Intensity for the years 1985 to 2100 ranges
between 0.8% and 1.3%. In th6 High Degree of Energy Efficiency cases, the annual rate of improvement in energy
intensty 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) 

d In the Modest Controls cases, current emission control technologies are assumed. Inthe Stringent Controls cases, 
the following controls are assumed: more stringent NO x and CO controls on mobile and stationaly 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 burners used for electricity generation are retrofit with low NOx burners, with 85% 
retrofit in the developed countries and 40% in developing countries; starting in 2000 all new combustors used for 
electricity generation and all new industrial boilers require selective catalytic reduction in the developed countries and
low NOx burners 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 kilns and dryers require low NOx burners after 
2000. 

0 In the Protocol/Low Compliance 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 Protocol/Full Compliance cass except that all countries participate. In the 
Phaseout cases, CFCs and halons are completely phased out by 2000, and production of CCI 4 and CH3CCI3 are 
frozen with 100% participation. 

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

g Levels of activity for the major agricultural activities were not varied among scenarios, because population levels 
were not varied. Emission factors, however, were changed among scenarios. Current estimates of average emission 
factors were used In the Current Trends cases, while redced factors (assuming technological and management
improvements) were used Inthe 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 
(Average 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 CO2 reaches twice 

the pre-industrial level. This Is an arbitrary level often used by climate experts. Its choice reflects a series 
4 5of reviews by the National Academy of Sciences3. that concluded that the sensitivity of the climate 

system to a doubling of CO2 Is probably In the range of 1.5 to 4.50C. The rate and magnitude of climate 

changee 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 CUMATE 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 InTable 3-2 for 

1985 and 2025. For the base case, by2025 the global share ofgreenhouse gas emissions from develop­

ing countries increases from one-third to one-half. On a per capita basis, however, the developing 

countries still produce substantially less than the industrialized countries, e.g., 3-15 times less per capita 

than the U.S. 

3.2.1 Emissions from Energy 

Energy Emissions by Region 

The largest source of 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 Emls-

slons/Lower Growth) and up to 737 EJ (EIS/AFOS Reference) by 2025. Historically, global energy 

requirements have been met primarily with fossil fuels; in the IPCC scenarios presented here, whore 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 Inthe non-

OECD countries follows a similar pattern as their economies and populations continue to expand: their 

percentage of global energy consumpton Increases from about 47% in 1985 to 59-66% by 2025 (Table 

3-3). 

1 ExaJoule = 1 EJ = 101a joules = 0.95 10'5 Stus. 
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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: BASEUNE CASES
 

(million metric tons on CO-Equlvalent Basis) 

CO2 from Energya C02 from Deorestation CFCsb CH, from Rice CH, from Animals N.O from Fertilizer Total Tons Per Capita 

1985 2025 1985 2025 1985 2025 1985 2025 1985 2025 1985 2025 1985 2025 1985 2025 

United States 5,100 6,200-7,700 - - 1,350 1,675 17 21 206 267 128 156 6,801 8,319-9,819 28 29-34 

OECD Europe/Canada 2.900 4,000-5,100 - - 1,275 2,340 15 15 311 397 136 268 4.637 7,020-8,120 11 14-17 

OECD Pacific 1.100 1,500-2,200 - - 510 935 38 27 97 168 11 16 1,756 2,646-3,346 12 16-20 

Eastern Europe/U=SR 5,100 8,400-10,300 - - 710 1.735 34 38 277 344 142 266 6,263 10-783-12,683 15 21-25 
Poland 436 935 - - - - - - - - - -

Centrally Planned Asia 1,900 3,700-7,300 220 250-660 90 650 674 687 145 279 139 230 3,168 5,796-9,806 3 3-6 
China 1,844 6,303 - - - - 561 571 134 254 129 211 

Middle East 400 1,800-2,600 - - 40 275 13 17 21 59 11 27 485 2,178-2,978 4 8-11 

Africa 700 700-2,900 620 660-1,210 200 1.400 55 116 107 277 25 A5 1,707 3,248-5,998 3 2-4 
Zaire - - - - - - - - - - - -

Latin America 700 1,500-3,300 1,280 1,950-3,040 140 990 124 147 200 441 33 93 2,477 5,121-8,011 6 7-11 
Brazil 150 473 -. . 86 78 57 IN 8 14 
Mexico 249 730 - 2 4 23 63 13 48 
Rest of Central America - - . 34 3 59 176 12 28 

South and East Asia 1.100 1,800-5,900 550 630-1,690 270 1,890 1,331 2,056 212 384 99 427 3,562 7,187-12,347 2 3-5 
India 359 2,273 - - - - 653 1,084 111 189 53 144 
Indonesia 81 517 - - 153 302 10 23 12 155 
Pakistan - - - 25 34 34 61 13 75 
Philippines .. .. ... ..... 

Thailand.. .. ........ 

World 19,100 29,700-45,500 2,670 3,500-6.600 4,580 11.890 2,297 3,124 1,576 2,617 723 1,580 30,946 52,411-7s,311 6 6-9 

NOTE: Several major emlsuions-prcduclng 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 tMe C02 estimates from energy, which also Include the results from the EIS/AFOS Reference case. The emissions estimates for 1985 may differ slightly from 
the 1985 estimates presented In CharAer 2 since the estimates used In this chapter derive from a series of IndMdual modelling analyses rather than from a single source such as U.N. Energy 
Statistics. The differences are generally very minor. 

a The C02 emissions itemized in this table do not Include emissions from cement production. 

b Includes CFC-1 1, CFC-1 2, CFC-1 13, HCFC-22, CCI4, CI"i3CCt3 , 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 2 EMISSIONS IN THE BASEUNE SCENARIOS
 

ENERGY USE (EJ/yr) 
2025•2M~Em 

C02 EMISSIONS (MMT/yr) 
2025= mWkx 

REGIONS 1985 
EIS/AFOS 
Reference 

Lower Higher 
Growth Growth 1985 

EIS/AFOS Lower 
Reference Growth 

Higher Tons C0 2 / 
Growth Capita 

United States 77.2 111 96.4 111.2 5,100 7,700 6,200 7,300 21-26 
OECD Europe/Canada 62.9 103 77.1 91.7 2,900 5,100 4,000 4,800 8-11 
OECD Pacific 19.2 39 22.1 24.9 1,100 2,200 1,500 1,500 9-13 
Eastern Europe/USSR 74.9 166 128.5 143.2 5,100 10,300 8,400 9,900 17-19 
Centrally Planned Asia 24.5 88 46.2 87.9 1,900 6,600 3,700 7,300 2-4 
Middle East 7.7 43 28.6 34.4 400 2,600 1,800 2,200 6-9 
Africa 8.7 46 12.8 31.6 700 2900 700 2,200 0.5-2 
Latin America 15.7 49 32.4 65.8 700 2,200 1,500 3,300 2-3 
South and East Asia 15.1 92 28.6 66.4 1,100 5,900 1,800 4,400 0.7-2.4 
TOTAL 305.9 737 472.7 657.1 19,100 45,500 29,700 42,900 4-6 

Sources: U.S./Japan Expert Group Report (1990);1 Task A Report (1990).2 

As aresult of major Increases infossil energy consumption, C02 emissions from energy activities 
in non-OECD countries Increase from 9,800 million metric tons (MMT) C02 In 1985 to 17,900-29,300 MMT 
C02 by 2025. This Increases the percentage of global C02 emissions attributable to energy activities In 
non-OECD countries from just over 50% In 1985 to 60-8e% by 2025, depending on the scenario. On a 
per capita basis, however, the developed countries continue to produce much higher levels of C02 
emissions: 8-26 tons C0 2/capita for the OECD countries; 17-19 tons C0 2/capita for Eastern Europe and 
the USSR; and 0.5-9 tons CO2 lcaplta 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 3.4
 

SUMMARY RESULTS FROM THE EIS/AFOS REFERENCE CASE:
 
KEY COUNTRIES
 

Primary Energy CO2 Emissions 
(exaloulos) (million tons CO2 ... __ 

GDP Growth AAGR* MGR 
(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 2.9 

Chinab 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 

Indonesia 100 332 1.8 9.3 4.2 81 517 4.4 

Mexico 100 396 4.5 l2o a5 249 730 a5 
Poland 100 296 5.3 11.4 1.9 436 935 1.9 

SAAGR - average annual growth rate In percent/year. 

bChina is not an Al.D.-designed 'key country,' but s Included because of Its size. 

Source: U.S./Japan Expert Group Report (1990).1 

3.2.2 Emissions from Deforestation 

The CO2 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 Emlsons 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 reduced In the future, although the amount In use will depend on 

'The level of CO2 emissions from deforestation Is subject to considerable uncertainty because of 
differing assumptions concerning the amount of carbon in the above-ground biomass and the use of the 
land after Itis deforested, among other factors. For these scenarios the IPCC used a lower estimate of 
carbon stored in the biomass. For the EIS/AFOS scenario, a mid-range estimate was used beginning with 
1985 emissions of CO 2 from deforestation at ca. 6,200 106 t CO2. No regioal estimates of deforestation 
were provided. 
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BRAZIL BASE CASE SCENARIO (1985-2025) 

Electrification is expected to reach 100% Incities 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 trends in the mix of fuels are maintained,
including a decline in the use of fuetwood, a modest rise Inthe 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 efficiency Improvements continue based on the best
technology available today in the Brazilian market, In the transport sector, the demand for
increased mobility issatisfied 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 EJ in 1985 to 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
1.9 EJ in 1985 to 3.4 EJ In2025, although its share of electricity generation drops from
92% to 57%. As a result of these increases in primary energy use, CO. emissions grow
from 150 MMT CO2 in 1985 to 473 MMT CO2 In2025. 

CHINA BASE CASE SCENARIO (1985-2025) 

Population growth rate Is 0.8%/yr. Thfs assumes that the government's policy of
holding growth to 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 est for other industrial goods, for space heating, and other 
end uses. 

The base case scenario assumes that by 2025 China will 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 tons/yea, close to the total coal mined in the world today.
Oil demand is sufficiently h.gh to require oil imports and production of synthetic oil. The
combustion of fossil fuels at this level s assumed to lead to serious environmental and
capital availability problems, CO2 emissions grow from 1,844 MMT in 1985 to 6,303 in
2025, slightly faster than growth Inprimary energy use. Industrial energy use continues to
dominate final energy uses and increases its share of final energy use from 44% in 1985 to50% 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
1985 to 69% in 2025, Use of biomass declines from 6.6 EJ in 1985 to 3.4 EJ in 2025. 
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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%
from 1985 to 2025. The pcpulation growth rate Is assume to be 1,4%/year. This 
assumes that the goemner's policy of family planning will be moderately successfuL 
Income per capke reaches $1,,v0O (U.S.) by 2025. 

Recent hlstoy indicates that energy demand has Increased somewhat faster than 
economic growth. Inis has led to a 40% increase In the energy/GDP rato between 1970 
and 1987. The increase was caused by substitution of biomass fuels by modem fuels and
by increased use of oil for tnsportation and electricity for agriculture. The unit energy
consumotion of mst production processes Is much higher than that d the industrialized 
countries. For example, steel production requires almost twic as much energy per unit of 
steel oupLut as that In the U.S. Similar differences 9xist for other Industrial goods,
household appliances, and other end uses. The potential for Wlmp g efficiency is 
substantial. 

The scenario assumes that with efficiency Improvements the energy intensity of the 
economy will declne to the same level as in 1984. Inprovements In erey efle 
reduce unit energy consumption to below the levels seen in the kladustlalzed countries 
today. Despite these Improvements, the domesttc resources of the country am Inadequate
to meet projected energy demand. Coal produ.tion increasestoabout 78mllion tons, or
about kmn times the amount mined In 1988. OH: denand s high ienough to require
increased oil imports, on the order of 5.8 million barrels of oil per year. The combustion of 
fossil fuels at this level Is assumed to lead to serious ,wironmental mid capWal avalllity 
problems. 

Overall, primary energy grows at an imnual rate of 3,%, from &f EJ in 1985 to 36.6 
EJ in2025. CO2 emissions grow from 359 MMT C0 2 in 1985 to 2,27 MMT 002 In2025. 
Most of the growth In final energy use Is in the services, IndustraL and transpotation 
sectors, with energy use in the transporttion sector growing from 0.9 EJ In 1985 to 7.3 EJ 
in 2025. The EIS/AFOS Reference case assumes only 15% Impremen lor the steel 
industry In India by 2025. Coal use grows from 32% of primary energyuse In 1985 to 41% 
by 2025. Use of biomass, which accounts for 37% of primary *rgy In: 1980,grows
modestly through 2025 where Itaccounts for only 10% of. prlmaiy energy use. 

INDONESIA BASE CASE SCERiQ(4M52i9634 :.) 

Inthle EIS/AFOS Reference scenaulo,: GOP grw at an average....rate of a.0%from 1985 to 2025, with primary energy groMng a an annualrte o, 4.2in the .am
period. Unlike the other developlng cunries, this rq f art fb we in ane ., 
intensity due In large pi to a restrucUing of the ,oonon y to h: tImo S* ,­
ntensive Industry. 1tht Is due to an ec. c. strate.gy :df mn c gtg o...*
development throug of domestic iergy resomurcv i basl m.t.. for 
export of products raffW7 than raw materials. 002 erunWlsw: kIv ftm 81 M'T 002 In 
1985 to 511 MITT O. In2025. In fhft time fraMe use of blomas, while kwrteasfng drops
from 27% of p*,ar' :W'eIn 1985to 11Q a ts oi:primIn25.re b. 
energy from2 f twifo 1n202. ;hg1We Of oti6.9)qXW:rX:d ,nV 
trasportation sqctr whch conumes 00V 1986 a (oer4EI 4,0 EIf2 
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MEXICO 	 BASE CASE SCENARIO (1985-2025) 

GDP grows at an average annual rate: of: 3.5% from 1985 to 2025. The population 
growth rate durIng this period is 1.6% per year. The industrial sector Is expected to shift 
towards non-energy-Intensive manufacturing, although production levels per capita of 
some energy-intensive sectors continue to Increase. Scarcity of natural gas Is assumed to 
require increased use of fuel oil, except for power genmaon. In this sector, increased use 
of:coal limits the contribution of local:4fossil fueli. O e primry energy grows at an 

* 	 annual rate ofZ5%,from 4.5 EJin.1985to..12.0 E Qi.225. CO2 emlsslons icrease from 
249.MMT 002 In1985 to:730 MMT C02 In202. Guwth Inr gy use.Is highest In 
the Industrial sector rnd iowest In t !nsportaon sctor. Use*of blma declines, 
while growth Inthe use of coal Isthe highest, from O44EJlnl"8Sto :1.2EJin2025.1 

POLAND 	 BASE CASESCENARIO (19W-2025) 

Poland is undergoing profound economic and environments! change. It Is shifting 
fr cealit a t ororneconoi.and and..attempting'at the 
same time to conserve and protect environtmental resoutce. Tho high enegy,Intensifty of 
the Polish economy, o=Vmbd with he"vy reliaice on coal, has causedmuch of Poland s 
.orlous air and water plutin prob m. Cne rason for the high enrgy intensity s the
parvasIve energy suhekies tha discount the, price of enegy 26% to 8%below: supply
costs. 

* Almost 80% of Poland's primary energy Isobtained from coal and lignite However, 
coal resources are bein depletedt the average heating value of coal used domrestically
has fallen from 24.1 glgaoules per ton (GA)in 1978to 27-6 GJ recently. ,Costs of 
producing coal hae been Increasing, presenting the nation with prospects of rising 
energy costs and energy shortages. Four sectors: consume 80% of the energy used Inthe 
Industrial sector: Iron and steel. (31%), chemicals (22%), food processing (16%), and 
building materials and ceramics (12%). Living space and automobile ownership is 
comparable to that-in other Eastern European countries. 

As a result of economic growth that averages2.5% to,1a0% annually Inthe EIS/AFOS
Reference scenao primary energy use increases from 53 EJ in 1985to 11.4 EJ In 2025, 
with growth: In: the building nd trwnsportation: sectors slightly: faster than in the industrial 
sector. Primry use of oil grows 'aster than coal or gas, Increasing Its share of primary 
energy use from 17%in 1985 to 24% I:025, C2 emissions grow from 436.MMTCO2 In 
1985 to 935 MMT 002 i 2025 
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TABLE 3-5 

NET CO2 EMISSIONS FROM TROPICAL DEFORESTATION(MMT C02/year) 

Rapid Deforestation Moderate Deforestation 
REGION 1985 2000 2025 2000 2025 

Latin America 1,280 Z160 3,040 1,720 1,950 
Africa 620 840 1,210 660 660 

Asia 770 1,250 2,350 880 880 

TOTAL Z670 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 jnatorles comply with its 
provisions. The emissions levels used by the IPCC are summarized In Table 3-6. 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 nmet 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 C0 2-equivalent basis). 

3.2.4 Emlslons from Agriculture' 

Estimates for emissions from agricultural activities were developed by the Agriculture, Forestry, 

and Other Human Activities Subgroup (AFOS) based on an IPCC-sponsored workshop held in December 
1989 and subsequent discussions. Only one scenario that assumed no response to climate change was 

Identified. In this scenario, the rates of greenhouse gas emissinns per unit of agricultural activity (e.g., 
CH 4 emissions per hectare of land used for paddy rice cultivation) were assumed to remoln constant over 

time. However, levels of agricultural activities (e.g., total area of land under paddy rice culthlation) 

changed through time as population and economic growth occurred. The specific emission estimates 

resulting from these assumptions are summarized in Table 3-7. 
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TABLE 3-6
 

EMISSIONS FROM CFCs AND RELATED CHEMICALS: BASEUNE CASES 
(MMT on a CO2 .Equlvalent Bwls) 

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 2,340 

OECD Pacific 85 145 235 365 510 935 

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

Centrally Planned Asia 20 85 60 450 90 650 
China -.... 

Middle East 10 55 25 165 40 275 

Africa 60 290 115 840 200 1,400 
Zaire - - - - - -

Latin America 40 205 80 590 140 990 
Brazil - - - - - -

Mex;co . . . . . . 
Rest of Centri America - - - - - --

South and East Asia 75 355 165 1,185 270 1,900 
India - - - - - -

Indonesia ...... 
Pakistan - - - - - -

Philippines - - - - - -

Thailand - - - - - -

World 975 2,140 2655 6,260 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: BASEUNE CASES
 
(MMT on a C0 2.Equlvalent Basis) 

CH4 from Rice CH, from Animals NO 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 11 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 anE; 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 2,617 723 1,580 

NOTE: A dash (-) Indicates the Information was not available. 

Source: Task A Report (1990).2 
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Energy and Industry Subgroup, Intergovemmental Panel on Climate Change, Forthcoming 1990. 
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4. 	 NAS (National Academy of Sciences). 1983. Changing Climate. National Academy Press, Wash-
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CHAPTER 4
 

ALTERNATIVE APPROACHES TO CONTROLLING GREENHOUrE 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 b expected to stop through aggressive reforestation; 

technological and management improvements in agricultural activitieswould 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 reductions in emissions that the International 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 CUMATE 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 CO2 by 2060 without specifying whether itwas a policy case or not. 
The IPCC did, however, indicate that the level of greenhouse gas emissions reflected In the scenario may 
not be achievable without government Intervention. Therefore, we treat this case as a policy scenario, 
although itcould also be viewed as a low emissions, business-as-usual case. 
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TABLE 4-1 

EMISSIONS FROM MAJOR EMISSIONS-PRODUCING ACTIVITIES:
 
POUCY CASES
 

(mlillon metric tons on C02 -Equivaloil Basis) 

CO, from Energy C=, from Deforestation CFCs CH 4 from Rio. CH, from Animals NO from Fertilizer Total Tons Per Capita 

1985 2025 1965 2025 1985 2025 1985 2025 1965 2025 1965 2025 1965 2025 1985 2025 

United States 5,100 2,933-4,767 - - 1,350 1,595-2,435 17 19 206 216 128 121 6,801 4,884-7,558 28 20-32 

OECD Europe/Canada 2900 2567-3,300 - - 1,275 420-1,395 15 13 311 330 136 220 4,637 3,550-5,258 11 8-12 

OECD Pacific 1,100 733-1,100 - - 510 310-670 38 23 97 136 11 13 1,756 1,215-1,942 12 8-13 

Estem Europe/USSR 
Poland 

5,100 
438 

3,667-6,233 
... 

- - 710 
.. 

170-715 34 
...... 

32 277 281 142 218 6,263 4,368-7,479 15 11-18 

Centrally-Plt-ned Asia 
Chlna 

1,900 
1,844 

3,867-5,133 
-

220 
-

-116 90 
-

20-90 
-

674 
561 

581 
466 

145 
134 

235 
214 

139 
129 

188 
172 

3,168 4,555-6,091 3 4-5 

Middle East 400 733-1,467 - - 40 10-40 13 13 21 48 11 22 485 826-1,590 4 7-14 

Africa 
7.a.r 

700 
-

367-1,467 
-

620 
-

-290 
-. 

200 55-210 
-

55 94 107 231 25 78 1,707 535-1,790 3 1-3 

Latin America 
Brazil 
Mexico 
Rest of Central America 

700 
150 
249 

-

733-1,833 
-

. 

1,280 
.. 
.. 

-1,100 140 
. 
.. 

40-145 124 
86 

2 
34 

120 
63 
2 

52 

200 
57 
23 
59 

363 
76 
52 

145 

33 
8 

13 
12 

76 
11 
38 
23 

2477 232-1,437 6 0.4-3 

South and East Asia 
India 
Indoneelsa 
Paisan 
Philippines 

Thalland 

1,100 
359 

81 
. 

-

1,833-2,933 
. 
. 

550 
.. 
.. 

-174 

-

270 
.. 
.. 

-

70-280 

-

1,331 
853 
153 
25 
-

-

1,682 
886 
248 
27 

-

212 
111 

10 
34 

-

-

336 
168 

19 
52 

-

99 
53 
12 
13 
-

350 
118 
127 
15 
-

-

3,582 4,097-5,407 2 3-4 

World 19,100 17,233-28,233 2,670 -1,680 4,580 2,690-5,975 2,297 2,554 1,576 2,178 723 818 30,856 24,262-38,552 8 5-8 

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).1 
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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 activites as a result of policy actions; Figure 4-2 

shows the regional changes in per capita emissions. 

4.2.1 Emissions from Energy Ue 

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 a 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 CO2 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: C02 emissions increase 'rom the 1985 level of 9,800 million metric 

tons (MMT) C02 to a range of 11,400-18,700 MMT C02 by 2025 compared to 17,900-29,300 MMT C02 

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 governments. 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 fuels. Figure 4-5 shows the 

changes in C02 emissions for the key countries as a result of policy actions. These policy options result 

in a substantial reduction of C02 emissions in several key countries. In Poland and Brazil, emissions are 

reduced by more than one-half and between one-quarter and one-half in India, China, Indonesia, and 

Mexico. Key county data are sumnarized below in the shaded boxes. 
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FIGURE 4.1 

COMPARISON OF EMISSIONS
 
FROM MAJOR GHEENHOUSE GAS-PRODUCING ACTIVITIES:
 

BASELINE AND POLICY CASES
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Source: Task A Report (1990).1 



FIGURE 4.2 

COMPARISON OF AVERAGE PER CAPITA EMISSIONS
 
FROM MAJOR GREENHOUSE GAS-PRODUCING ACTIVITIES:
 

BASELINE AND POLICY CASES
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lower estimate of 11 tons/capita is for Western Europe/Canada; the upper end of the range s 28 
tons/capita for the U.S. (see Table 4-1). 

Source: Task A Report (199W).1 
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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 4-4 

C02 EMISSIONS FROM FOSSIL FUELS BY REGION 
(Billion Tons C02/Year) 

1. EIS/AFOS 
2. 2030 (Lower Growth) 

1 33. 2030 (Higher Growth)
4. 2060 (Lower Growth) 
..2060 (Higher Growth) 

.... ..... . Control Policies (Lower Growth) ...40 ........................... . o olc e
40........................ . ................. L w e r w h
 
7. Control Policies (Higher Growth) 
8. Accelerated Policies (Lower Growth) 
9.Accelerated Policies (Higher Growth) 

.... ...............................................................................................................................................
S3 0 . ............................. .................
*30 2 

N C14 6 
o 
C ...... .. . . 

o 4 
I­

.. ... 8 9 
-=020 ............................... ............. ... ... ... ................................................ 

10 .......... ... ........ ...... ........... .....
 

0­
1985 2025 

United States OECD Europe/Canada OECD Paciflc 

Centrally Planned Europe ' Centrally Planned Asia Middle East 

.:Africa Latin Amerioa E S &E Asia 

Sources: Task ,AReport (1990);1 U.S/Japan Expert Group (1990).2 

4-7 



- -

FIGURE 4-5 

CARBON DIOXIDE EMISSIONS
 
FROM ENERGY USE IN KEY COUNTRIES
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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 CO2 emissions growing from 150 MMT CO2 to 473 MMT CO2. The 
IPCC study analyzed the potential to reduce growth in primary energy by 61%, resulting in 
energy use of 9.6 EJ in2025, and to reduce growth in C02 emissions by 75%to 231 MMT 
CO2 in 2025. Specifically, energy efficiency and conservation are estimated to decrease 
growth l.. final energy demand 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 tho 3ubstitution of gas for electricity and LPG in water heating and 
cooking. 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 energy 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 29 EJ in 1985 to 86 EJ in 2025, with C02 emissions increasing from 1,844 MMT C02 
to 6,303 MMT C02 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 C02 emissions by 30%, resulting in 
emissions of 4,987 MMT CO2 in 2025. Policies in Chna are aimed at reducing emissions 
from energy use, including improved unit energy consumption and fuel switching. 
Reductions in the growth in coal use are greater than total reductions in primary energy 
use and occur in the industrial sector, for electrcity generation, and for synfuels 
production. These reductions in coal use are partially offset by increases in oil imports, 
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. 
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INDIA POUCY SCENARIO (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 CO2 emissions increasing from 359 MMT CO 
to 2,273 MMT C02 during this period. The policy 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 C02 emissions by 27%, resulting in 
emissions of 1,760 MMT CO2 in 2025. Key policy objectii,;.z include improvements in unit 
energy consumption and fuel switching. Additional Improvements are assumed to be 
possible inthe industrial sector through policies that aadress some of the historical factors 
that may have constrained efficiency Improvements, Including government ownership of all 
large infrastructure industries, the higher energy-consuming characteristics of imported
technology, and fundamental characteristics of inputs (e.g., reliance on Iron ore rather than 
scrap steel and the poorer-quality coals that are often utilized), Additional improvements 
are assumed to be possible through programs to promote the use of more efficient stoves 
in urban areas, which would then spread to rural areas. Decreases in demand for 
electricity would reduce growth in energ- use for electricity generation by 22%, molly
through reductions in coal-fired generation. Natural gas is assumed to be used more 
extensively. 

INDONESIA POUCY SCENARIO (1985-2025) 

In the EIS/AFOS Reference scenario, primary energy increased from 1,8 EJ In 1985 to 
9.3 EJ in 2025, which increased C02 emissions from 81 MMT C02 in 1985 to 517 MMT 
C02 In 2025. In the policy case, policies are aimed at reducing emissions and Inckldo 
improved unit energy consumption and fuel switching. Growth in primary energy usa by
2025 is assumed to be reduced 21% and growth in C02 emissions by 25%. Half o! 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 POUCY SCENARIO (1985-2025) 

In the EISIAFOS Reference scenario, primary er,?rgy was assumed to Increase from 
4.5 EJ In1985 to 12.0 EJ in 2025; C02 emissions Increased from 249 MMT CO. In 1985 tr,
730 MMT CO2 in2026. The IPCC study participants Identified policies that would reduce 
growth In primary energy use by 39% and growth In002 emissions by 50%. Most of the 
reductions were estimated to occur in the residential sector, where growth in final energy 
use was reduced by 800A primarily through the diffusion of efficient lighting and solar 
water heaters, and in the transportation sector, where reductions below 1985 levels were 
assumed to occur. Energy use in the industrial sector Isaffected 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 r..uced by 71%, and the 
use of natural gas increases by 0.2 EJ in 2025 compared with the EIS/AFOS Reference 
scenario.
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POLAND POUCY 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 !lnes, replacement of open hearth
 
furnaces by the basic oxygen furnaces, and proper use of electric arc furnaces. In
 
building materials production, opportunities include replacement of wet process cement
 
kilns with semi-dry and dry processes, broader use of errrmous 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 oil and gas. Major Improvements can be realizt.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 75%,
 
reducing CO2 emissions in 2025 to 550 MMT C02, compared with 93 MMT C02 in the
 
EIS/AFOS Reference case. Additionally, specific steps to reduce emissions, primarily
 
energy efficiency policies, could leave emissions levels virtually constant at current levels
 
of 440 MMT C02 at minimal cost. Additional reductions In C02 emission levels by 2025, to
 
20% below current levels, could possibly be achieved through response measures that
 
include major shifts in fossil energy supply through interfuel substitution and major

reductions In primary energy demand due to higher energy quality and energy
 
conservation.
 

4.2.2 Emissions From Deforestation 

Although current deforestation is a source of CO2 emissions, in orinciple it ispossible to reverse 
this trend and transform the world's forests from a net source to a net sink of carbon ifdeforestation 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 Emissions from CFCs 

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

*The temperate regions of the world are assumed to bi Inbalance; that is, carbon emissions from 

deforestation are assumed to equal uptake of carbon from reforestation. 
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TABLE 4-2
 

NET CO 2 EMISSIONS FROM TROPICAL DEFORESTATION AND REFORESTATION 
(MMT C02/year) 

Rapid Deforestation Moderate Deforestation 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 

Source: Task A Report (1990).1 

In response to increased concern over stratospheric ozone depletion arnd the greenhouse impact of CFCs, 

the policy cases evaluated full compliance with the terms of the Montreal Protocol 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 s 30%; in 1985 the OECD countries represented 68% of the world's total CFC emissions. 

4.2.4 EmIssions From Agriculture 

Only the Task A scenarios Included an emissions scenario for agricultural activities that assumed 

policy actions would be taken to reduce agriculture-related 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 dairy production were assumed to remain constant. 

However, technological and manageiri rnt improvements that were assumed lowered the rate of emissions 

from agricuitural activities. Table 4-4 summarizes the Impact of these policies on emissions from 

agricultural activities. t 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 production; similarly, policy 

actions could reduce N20 production from fertilizers, but would be less effective in reducing methane 

production from animals. 
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TABLE 4-3
 

EMISSIONS FROM MAJOR CFCS AND RELATED CHEMICALS:
 
POLICY CASES
 

(MMT on a C0 2-Equlvalent Basis)
 

CFC-1 1 CFC-12 Total CFCs 
REGION 1985 2025 198-5 2025 1985 2025 

United States 170 6-137 790 22-606 1,350 1,595-2,435 

OECD Europe/Canada 395 15-323 665 19-509 1,275 420-1,395 

OECD Pacific 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 2-48 90 20-90 
China 

Midd!e East 10 1-10 25 1-17 40 10-40 

Africa 60 2-49 115 3-89 200 55-210 
Zaire 

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 70-280 
India 
Indonesia 
PakLan 
Philippines 

World 975 37-794 2,655 74-2,037 4,580 2,690-5,975 

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

Source: Task*A Report (1990). I 
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TABLE 4-4 

EMISSIONS FROM AGRICULTURAL ACTPITIES:
 
TASK A REPORT
 

(MMT/yr on a C0 2-equlvall baIs)
 

CH, from Rice CH. from Animals NO from Fertilizer 
2025 2025 2025 2025 2025 2025 

REGION 1985 Baseline Policy 1965 Baseline Policy 1985 Baseline Policy 

United States 16.8 21.0 18.9 205.8 268.7 218.3 128.1 156.3 120.8 

OECD Europe/Canada 14.7 14.7 12.6 310.8 398.9 329.7 135.8 268.0 219.6 

OECD Pacific 37.8 27.3 23.1 96.6 168.0 136.5 10.9 16.4 13.2 

Eastern Europe/USSR 33.6 37.8 31.5 277.2 344.4 281.4 141.7 266.1 217.8 
Poland - - - - - - -

Centrally Planned Asia 674.1 686.7 560.7 144.9 279.3 235.2 138.5 230.1 188.2 
China 570.7 571.2 466.2 134.4 254.1 214.2 128.5 210.5 172.3 

Middle East 12.6 16.8 12.6 21.0 58.8 48.3 10.9 27.3 Z.3 

Africa 54.6 115.5 94.5 107.1 277.2 231.0 24.6 95.2 77.9 
Zaire - - - - - -

Latin America 123.9 147.0 119.7 199.5 441.0 363.3 33.3 93.4 7e.5 
Brazil 86.1 77.7 63.0 56.7 92.4 75.6 7.7 14.1 11.4 
Mexdco 2.1 4.2 2.1 23.1 63.0 52.5 12.8 46.0 37.8 
,-et of Central America 33.6 63.0 52.5 58.8 176.4 144.9 11.8 28.2 23.2 

South and East Asia 1,331.4 2,055.9 1.682.1 21?.1 384.3 336.0 99.0 427.5 349.5 
India 653.1 1,083.6 886.2 111.3 189.0 166.0 52.9 144.5 118.5 
Indonesia 153.3 302.4 245.7 10.5 23.1 18.9 12.3 155.4 127.1 
Pakistan 25.2 33.8 27.3 33.6 60.9 52.5 13.2 74.7 15.5 
Philippines - - - - - - -

World 2,297 3,123 2,554 1,579 2617 2,178 723 1,578 818 

NOTE: A dash (-) indicates that Information rvas 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 .iust 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 exising 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 inwhich the impact of human activities on the climate system 

is permanently limited to acceptable levels. The options focus on energy, forestry, and agriculture. A.I.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 %ndOverview 

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 other 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 policies 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 C02 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 basis for assessing long­
term technological and policy alternatives is misleading since neither the present environmental 

costs of fossil fuel pollution nor the future costs of climate change are reflected In present prices 

of goods and services. The relative economics of altemative energy options will shift as the 

environmental costs :ind benefits of these options are internalized in their prices. 

The importance of market Incentives to improve technologies and reduce costs has been 

demonstrate . in the recent experience with CFCs. Development of substitutes for CFCs has proceeded 

quickly once itbecame 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 economic competitiveness of these technologies with 

established practices can be misleading; many technically proven and seemingly economic technologies 
are often 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 harmony. 1 

5.2.2 Demand-Side Measures and Efficiency Improvements for the Near Term 

According to a recent U.S. AID study,2 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.0 Improvements In end-use energy 

efficiency have the greatest potential for slowing the growth of CO2 and other greenhouse gas 

emissions In the near term over the next few decades, both In tho heavily Industrialized reglons and 

In the developing regions. 

In many developing countries there are distinct modem and traditional sectors. In the 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 

patterns. 

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. (InChina, 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 Issue from a climate perspective Is to Increase energy services without Increasing 

greenhouse gas emissions. 

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 for 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 ifthey 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 1'he 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, 
if 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:a energy use. 

Incontrast to industrialized countries, developing countries are expanding energy- and material­
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 identifying 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 ar'i 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-fledged national energy demand management program through 1996 may exceed 
$150 million. In India, a 10% reduction in industrial energy use would result in $1 billion in annual savings. 
In the Philippines, the overall conservation potential is estimated to be $500 million per year. 

Emission controls: Low-cost control technologies are available to reduce CO from automotive and 
industrial sources and NOx from power plants. Other technologies are available that remove larger 
fractions of these pollutants but at higher costs. Emerging control technologies and combustion 
technologies with inherently lower NOx emissions are being tested and could reduce NO emissionsx 


drastically at lower cost. In a few situations (i.e., enhanced oil recovery) CO2 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 
econor,iically recovering this methane and using it for energy production, thereby partially augmenting 

natural gas supply. 
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Transportation Sector 

To date A.I.D. has not initiated major programs dealing with transport. Yet transportation energy 

use is aserious concern in developing countries. The largost component of the dramatic Increases In 

oil use Indeveloping countries during the last decade has been Inthe transportation sector. Energy 

use for transportation has been growing rapidly inrecent years indeveloping 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 

fifteen 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 significantly 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 potential effectiveness of these approaches In most developing countries Is much more 

limited because of the slower turnover of vehicles and lack of capital to Invest In Infrastructure 

Improvements. Automobiles 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 ior 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 intotal electricity consumption Inmany developing countries. it isexpected 

that rapid expansion of the residential and commercial building stock will occur in conjunction wiL. 

economic development in the developing countrieq over the coming decades. Use of the efficiency 

options currentli 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 indeveloping 

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 diffusior of improvements in building shells, lighting, space conditioning, and 

appliances could reduce energy consumption per square foot by 75% below current levels ny 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 buildings can utilize the same climate-sensitive design and technology control 

strategies worldwide. 

Also, air conditioning requirements are generally 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 alone has the potential to reduce 

energy use by roughly 20% relative to the current building stock in Singapore.4 Other important 

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 major international effort to educate architects, engineers, and local building authoritias, and incentives 

to introduce the high-efficiency materials and 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 legislative requlremente.for performance-based energy efficiency 

In commercial buildings, the necessary Investments In efficient buildings, aft1ractlvo as they may 
appear on paper, will simply not be made, A.I.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 cor-sumption, 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 niuch 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.
5 

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 
6illumination with incandescent electric bulbs would be 200 times more efficient at the end use. Even 

if electricity production is only 30% efficient and is coal fired, the equivalent electric lighting would still 

produce less net C02. 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 
7 

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.-maue 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.9 

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 C02 emissions. 
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Three of these advanced technologies currently in an advanced development phase are 

atmospheric fluidized bed combustion (AFBC), pressurized fluidized bed combustion (PFBC), and 

Integrated Gasification Comb!ned 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; )ns. PFBC and 13CC systems are projected to increase conversion efficiencies by as much 

as 10-20%, with corresponding reductions in CO2 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 one of the new 

technologies. Other new componerls, such as a gas-fired combined cycle turbine, may also be installed. 

The result i!, a hybrid plant with performance 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 rquirements and the electdciq used on-site or sold to 

electricity customers. Cogeneration has been very popular with !arge 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 
10 

category. 

Advanced Gas-Fired Combustion Technologies 

An option for increasing natural gas use is the construction of new gas-fired combined cycle or 

combustion turbine power plants. These power 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.9 technology are being applied to turbines for generating electrical 

powei Present simple and comb!ned cycle systems have efficiencies of about 32% and 42%. 

Conventional coal power plants have efficiencies of about 31-32%. Recent improvements in aeroderivative 

(jet engine) technology will significantly improve thesc 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 uf 51 MW. 
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With proposed improvements the single cycle efficiency would increase from 33% to 47% and the 
rated turbine output could be increased from 33 MW to 110 MW; the estimated capital cost of STIG is 

about $400/kW.10 

Non-Carbon-Based Energy Sources 

Non-,.;arbon-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 alternatives 

is necessary in order to achieve the stabilized greenhouse gas concentration levels. The relevant and 
difficult policy issue is whether or not 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 primary energy options are discussed very briefly here; extensive 

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

Hydroe¢ctric 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. 12 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 contributiork. 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 carpfully, and these potential impacts will limit hydropower development in many developing 

regions. 

Biomass energy. Advanced technologies for conversion of biomass to gaseous a.d liquid fuels 
and olectricity, especially the use of gas turbines for po 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 discussion 
regarding the rates and scale of implementation of biomass-based energy and power generation 

13 
systems. 

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. 

5-9 

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 future energy production in those countries with major wind 

energy resources. In the developing world, countries such as Egypt and India have the pote.ntial 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 plants 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 California state tax credits, and the very attractive power purchase Lontracts implemented under 

PURPA regulations in Califomia. 14 

W'.ie - ';sts of electricity production from solar thermal electric power systems are still higher 

(-$O'ik/Wi _..in for fossil-fuel power plants, this technology offers the potential for relatively near­

comr'i.; 'epower 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. 

Photovoltaic 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 communirations, 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 isoften 
thought of as an option for advanced industrialized countries, it is extensively used in a number of 
developing countries and wider use in LDCs isexpected over the coming several decades. In1986 there 
were 2,700 MW of nuclear power generation oo 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 national and international concerns about safety, nuclear weapons 
proliferation, and radioactive waste management have brought new orders of nuclear power plants to a 
halt 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 c, 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 asca,, of 10-30 TW(th). 
Inprinciple 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 3reenhouse gases.15,1 3uch an energy 
system would permit long-term stabilization of the atmosphre with regard to greenhouse gases, and also 
bypmiss many of the !ocal and regional air pollution 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 fonn 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 million 

hectares, o,approximately one percent of the 1990 stock. Perhaps more important is the fact that the 

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 itdifficult 

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 policies that encourage - or fail to discourage - uneconomic, 

unsustainable conversion of forests to alternative uses. 

5.3.2 Potential for Reducing Atmospheric CO 2 Concentrations via Forestry Initiatives 

There is no consensus as yet on this issue. Some have pointed out that forestry offers an 

effective and relatively inexpensive means ior 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 result 

would require halting tropical deforestatior by that year, and reforesting or afforesting approximately 

1 billion hectares by the year 2100. Because estimates of degraded tropical lands capable of growing 

trees 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 end of the spectrum, others have observed that the existence of vast expanses of 

degraded land does hi;t necessarily mean that the land is unused and available for growing trees. Others 

have emphasized tho 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 others have noted the practical difficulties of large-scale 

afforestation programs n developing ccntres and point to relatively poor past experience with survival 

rates of tree seedlings, lack of trained manpower, 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 tropics are considerably higher than 

they are in temperate areas, there are significant reasons to include tropical forestry initiatives as important 

elements in an overall strategy for reducing net C02 emissions. Nevertheless, because of the 

aforementioned uncertainties about the feasibility of achieving either a dramatic reduction In 

deforestation or a major Increase In reforestation/afforestation activity, targets expressed In terms 

of quantities of carbon emissions reduced ,r CO 2 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 Initlatives can be amkly justified on the basis of other beneits 

that accrue directly to the residents of the countries or regions In which they are undertaken ­

protection of watersheds, soil stabilization, production cf a Eost of wood and non-wood products, 

flood control, and preservation of habitat for plant and animal species (conservation of blodiverslty). 

Tropical forestry initiatives requirbJ to a,hieve reductions in,or offsets to, carbon emissions from 

human activity will of necessity involve a range of activities focusud 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.I.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 ano burning 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 beneficial - could save 5-10 

hectares of tropical forest for every hectare on which agrofo,'estry pr3ctices are Introduced. Potential 

carbon storage has been roughly estimated to range from 0.147 'tons per hectare per year for different 

agroforestry systems exclusive of caton stored in soil and carbon savings from avoided deforestation, 

both of which could be substantial. ,Uncenormal 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 reans to sequester carbon) 
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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.); 

" 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 smallholders managing forestry resources differently. 

IncreaseHarvestingof 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 earnings. One response has been 

the establishment of Oextractive reserves' - forest areas reserved for harvesting of products on a 

sustainable basis. In Brazil, for Instance, 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 o1 Existing Natural 

Forests and Plantations and to Sustain Natural Forests. 

Natural Forest Management (NFM) techniques involve cutting to promote natural seeding and 

regeneration and to reduce damage to the remaining stand. They may be useful alternatives to prevalent 
tropical forest logging practices, which often damage many more trees than are actually harvested. While 
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NFM is a promiring 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, itwould be difficult to bring a 

significant portion of existing tropical forests under organized management schemes. Only a very small 

fraction of forests in the tropics are currently under management. 

Again, as in agroforestry, West Africa has much to offer with respect to learning 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.l.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 of 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 ferti!ity/conservation could contribute substantial quantities of biomass 

on land that is currently 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 converted 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 

cemoving 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 greenhouse gases. 
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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 chdnge present 
cooking practices. More efficient charcoal stoves have met with more success. The 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 would also be useful. 

Increase Reforestation and Afforestation Practices 

These terms encompass replacing harvested forests with plantations and establishing forest cover 
on barren or denuded lands 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 C02 emissions frc,. afossil 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 estimates, 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 approach 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 smallholders 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 degrading them) and can be made available for long term Investment 
In forests only ifalternative 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. 

5.4 	 AGRICULTURAL MANAGEMENT OPTIONS* 

Several specific actions can reduce greenhouse gas emissions from agriculture, although the 

magnitudes of the agricultural sources and the potential effects of control measures are difficult to 

quantify. Further research is required to produce credible estimates. Major agricultural activities of 

Interest include the following: 

" 	 Methane emissions from livestock could be reduced by increasing the 
productivity of livestock systems and the use of methanogenesis Inhibitors 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. 

" 	 Biomass burning associated ivith agriculture produces N20, CO, and CH4 . 
Changes in agricultural practices - sustainable agriculture, utilization of crop 
residues, etc. - are technically feasible and could substantially reduce this 
source. 

* 	 N20 emissions from fertilizer use could probably 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 bioma.'ss 

burning, as well as from other anthropogenic sources, will be necessary. Similarly, modifications in 

nitrogen fertilizer use, land-use conversion, and crop systems will be necessary parts of multisectoral 

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 o the IPCC Working Group III 

(Response Strategies) Subgroup on Agriculture, Forestry, and Other Human Activities. The IPCC 

discussion provides a framework for the A.I.D. initiatives in tho agriculture sector. 
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" 	 Biomass burning: Biomass burning might be reduced through fire control, 
. ;-cation, and management programs, as well as through the introduction of 
appi opriate alternative agricultural practices. Agricultural systems dependent 
on the removal of biomass by burning high-yield grain crops may be either 
modified to provide opportunities for increasing soil organic matter, thus 
reducing greenhouse gas emissions, or removed to provide use as an 
alternative fuel source. 

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

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

* 	 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 yield additional benefits 
such as direct energy savings, improved soil tilth and increase of soil organic 
matter. 

" 	 Marginal Lands: Areas marginally suitable for annual cropping systems should 
be shifted to perannial cover crops for fodder or pastoral land uses of 
woodlands, ifsoils 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 and quality, and delayed stream flow. 

5.4.2 Loniger-Term Options Requiring Research and Demonstration 

Seveial opportunities for reducing greenhousa gas emissions and enhancing carbon sinks have 
been identified for the longer term. In geriral, these opportunities must be developed, demonstrated, 
and assessed in terms of greenhouse gas reductions and the full range of potential costs and benefits. 
These alternatives must maintain or enhance the productivity of the agricultural systems. This will require 
substantial research efforzs 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 regimes,
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% reduction In emissions from rice systems 

This latter option is actively being pursued by A.I.D. 
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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 systens may be reduced by ,ipto 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 emissions of nitrous oxide potentially can be reduced 
(although 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 may 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 Emissions from Flooded Rice Cultivation Sources 

Flooded rice fields ar& a major source of methane emissions on a globa, -cale, 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 CH4 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, siace 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 million tons to 

over 550 million tons by the year 2000, and to some 760 million tons by the year 2020. 

Measures and Policy 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 including 

management of water s,!stems, cultivar development, efficient fertilizer (both organic and mineral) use, and 

other managoment practices could achieve reductions 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 Isa 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 for 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 rico 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 agricultural policies regarding rice production need to be 
examined. 

5.4.4 The o of Managed Llvsetock In the Global Methane Budget 

Ruminant animals produce methane as part of the digestive procoss. Total methane emissions 
from the digestive process of all domestic ruminant animals has been estimated to be between 60 and 
100 MMT of CH4 per year, accounting for about 15% of global methane emissions, second only to flooded 
rice field systems. These estimates suffer from several notable uncertainties, which may cause 
overestimates of emissions in some areas and underestimates In others, resulting in an overall 
underestimation 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 indicate that 
emissions from this source may currently be on the order of 25-35 million tons of CH4 globally, or about 
30-40% of the methane from tv.estock digestive processes. Emission estimates from livestock systems 
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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 particularly 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-Tem) Options 

Several technologies are available in the near ten'n: 

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

Supplemental feeding practices. Methane emissions can be substantially 
reduced (perhaps by 60%) from livestock on poor diets by strategic
supplementation with locally-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 concerns 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: 

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 modific.ation for intensively managed animals. Current research indicates 
that methane emissions vary under different diets. Increasing the food intake 
of animals and modifying the composition of theirdiet 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 
location 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 Le further developed, demonstrated, and assessed In terms 

of costs, red'ctlons, 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.I.D. ONGOING INITIATIVES IN ENERGY, FORESTRY, AND
 
AGRICULTURE THAT ADDRESS CONCERNS ABOUT GREENHOUSE GAS EMISSIONS
 

SUMMARY 

A.I.D. 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 

Ikey" countries. A.I.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. Assessments of tropical forest and biological 

resources have been undertaken in 45 A.I.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, Mxico and Brazil. Innovative programs to 

reduce deforestation have been initiated. A.I.D.'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.I.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.I.D.'s growing forestry activities promote maintenance 

of forest resources and biological diversity, sustainable production from natural forests, management of 

wildlands, and management of critical watersheds. 

A.I.D. Is the largest and most active U.S. government agency in funding activkhss in developing 

countries to address climate change.* In addition to substantial Independent climate change efforts, 

A.I.D. criiaborates with the Environmental Protection Agency, the Departments of Agriculture, Energy, and 

lntbicJr, and the National Science Foundation, as well as with non-governmental organizations. A.I.D. will 

l &;any of A.I.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 potential 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.I.D. climate change strategy will address specific concerns regarding both the causes and 

the consequences of the greenhouse effect and its impact on potential global climate change. t forms 

an integral part of the broader Agency program of environmental initiatives. Although concerns about 

global climate change are new to A.I.D., 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 expacted to comprise ihe core of our climate change program in future years. 

A.I.D.'s approach to climate change Is to surport those Initiatives that make development 

sense regardless of whether the Initiative considers climate change specifically. Thus, investments 

will be made in energy efficiency or sustainable management of forest resources that protect important 

watershed areas only when such programs can be defended as economically and financially sound. This 

approach is the so-called 'no-regrets' strategy for addressing the risk of global warming. 

A.I.D. defines global warming activities as all projects and programs related to forestry, 

renewable energy, and energy efficiency. Within these categories, 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 level 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.I.D. ENERGY ACTIVITIES AND CUMATE CHANGE 

6.2.1 Introduction 

A.I.D. is devoting Increasing resources to the improvement of the energy sector in developing 

nations, including most of those designated as 'key' countries. The Agency Impiements 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 America 

'key country'). There are important energy programs in other A.I.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 technology 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 multilateral and bilateral agencies to oevelop an 

environmental guidebook for the electric power sector. The Office of Energy is working with multilateral 

and bilateral donors and A.LI.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 heavily subsidize electricity prices, reducing the Incentive to use energy efficiently. 

A.I.D. is promoting price reform in an effort to rationalize energy pricing policies. A.I.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 Inthe 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.I.D. 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, Incollaboration with the S&T Bureau Office of Energy, has 

supported assessments,workshops, and technical assistance programs in India, Thailand, Indonesia, and 

the Philippines. Expande0 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 1989 to assist the private sector Insolving 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 Insupport 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 Development 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 arr a'S-elng 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). 

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

A.I.D. 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 fower Sector Innovation (MAGPI), together with the World Bank, the Inter-American 

Development Bank, the Asian Development Bank, the African Development Bank, the International Finance 

Corporation, and the United Nations. The MAGPI is made up of about 15 senior decision-makers with 

operational responsibilities. 

A.I.D. 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.I.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 been 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. 
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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 Altemate Energy Sources 

A.I.D. 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 involved 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.I.D.'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.I.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.I.D. began reviewing the status of the efficiency of the power sector 

in Costa Rica, another key country, and the end use of e!octdcity In all concerned sectorm. 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. Inthe case of Costa Rica, itisexpected 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 2010. Preliminary results of the field work, which took place between 
January and June 1990, will be available by Fall 1990. 

The Agency isalso 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 government decree permitting private power hookupo 
and power sales to the national grid, as well as development of new privately owned biomass-fired power 
generation units. The Agency is working closey with the Inter-American Development Bank in the 
development of minihydro resources inthe country. The Agency is a'so 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, a ccmponent of the Mission's 'Energy 
Conservation and Resource Development" project has been working with the industrial sector to establish 
a capability to perform energy audits and implement appropriate conservation measures. A.I.D. isworking 
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 InFebruary 1989 and sponsored by the Government of Egypt and A.I.D., 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 efficiency of its commercial processes 
and practices inthe 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; acogeneration 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.I.D. has been assisting the Egyntian Office for Energy Plannng (OEP) with a 
major energy policy and planning project that Includes two rounds of in-depth energy audits Inthe 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 Inenergy auditing. The reports have been presented to each 
plant management and the recommendations of the reports ara now under consideration or being 

implemented. 

The Renewable Energy Field Testing (REF-T) project, a $25 million 8-year program isending 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.I.D.-supported study has indicated major wind resources inEgypt and the U.S. wind 
industry isexploring the potential for grid-connected wind farms along the Red Sea. 

India 

InIndia, another A.l.D.-designated key country, A.I.D. is involved inefforts to improve the efficiency 
and productivity of the power supply and end-use sectors. The or-going $20 million PACER (Program 
for the Acceleration of Commercial Energy Research) project promotes development of goal-oriented and 
market-responsive technological innovation inthe 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 Alternative Energy Resources Development Project 
supported collaborations in the conduct of several workshops and two U.S. study missions by Indian 

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, will focus on policy, financing, and management innovations that aim to 
increase productivity of energy supply and end use. EMCAT represents aunique collaboration between 
key development financing institutions inthe Indian electric power and industrial sectors, A.I.D., the World 
Bank, the Asian Development Bank, and other bilaterals. A.I.D. grant funds are expected to leverage 
substantial multilateral development bank funds and will permit technical assistance and training insupply 
and end-use energy efficiency loan portfolio 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.I.D. is assisting the Government of India in assessing the technical and 
economic feasibility of Integrated Gasification Combined Cycle (IGCOC) 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 Fluidized Bed 

Combustion (AFBC) and slagging combustors. 

A.I.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 1989, A.I.D.'s Office of Energy, in conjunction with the Government 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 local 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 purchased and shipped to 

Amman; an energy conservation 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.I.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 ,"tels. 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 audlts were successfully completed in food Industries by the end of March, 
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and a cement plant has been targeted as the possible fifth cost-shared audit. In addition, a three-week 
training program on energy auditing was Implemented. 

Pakistan 

Since 1986, A.I.D. has been Involved in a 41/2-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 !mproving the effilency 
of energy use in all sectors of the economy (e.g., agriculture, Industry, transportation, power generation, 
buildings) and to alleviate 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 gains 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 (approximately $6 million) more In savings have been identified as 
a result of energy ?udits 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% 
improvement in efficiency; tuning up over 300 automobiles for an average reduction Infuel 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 (agricultural pumps) for an average 66% improvement in efficiency; 
and training approximately 200 engineers in 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 conservation. The Rural Electrification (RE) project ($250 million) has 
assisted tme 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/distiibution network rehabilitation program at the Water and Power 
Development Authority (WAPDA), GOP. In addition, as of May 1989, the RE project has provided in­
country training for over 30,000 technical personnel on efficient 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 

Inthe Philippines, another key country, the A.I.D. Mission is carrying out the 'Technology Transfer 

for Energy Management" program, a 5-year, $5 million project begun in 1986. The project's goal is to 

accelerate the adoption of energy conservation technologies by consumers, especially thoce in the 
industry and commercial buildings sectors. The project includes demonstrations of commercially available 
technologies, studies, training, information dissemination, and assistance in establishing financing 

mechanisms. 

6.3 A.I.D. FORESTRY ACbiVITIES AND CUMATE CHANGE 

Sections 118 and 119 of the Foreign Assistance Act of 1961, as amended, require A.I.D. missions 

to include in their country or regional development strategy an assessment of tropical forest and biological 

resources in that country (or region), and an analysis of required conservation measures. By the ond of 

1989, more than 45 A.I.D. 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.I.D. offices In 

developing and advanced developing countries), and 13 each in Africa and the Asia and Nr." East 

region. 

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

6.3.1 Latin America and the Caribbean 

In Latin America and the Caribbean (LAC), every A.I.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.I.D. Assistance.' This new strategy emphasizes sustainable agriculture, 

production from natural forests, management of wildlands to protect biological diversity, management 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.I.D. efforts in 
individual Central 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.I.D.'s 
Science and Technology and LAC Bureaus, is designed to improve national, regional, and international 
strategies for fragile lands management in Latin America and ihe 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 fertility decline, in three agro-ecological areas: (1)arid/semi-arid regions of Africa, 
(2) tropical highlands, and (3) Madagascar and other Indian Ocean Islands. A recent study supported 
by A.I.D. analyzed current and future carbon emissions from land-use change and energy consumption 
In sub-Saharan Africa.' The study concluded that three countries (Ivory Coast, Zaire, and Nigeria) alone 
contribute over 50% of 1985 carbon emissions from land-,isa change in sub-Saharan Africa. 

In 1987, A.I.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 annutily from $52 million in FY 1989 to an estimated $80 
million In FY 1991. Several Important natural resource management projects and programs, which focus 
on the FAA amendments 118 and 119 (Tropical Forestry and Biological Diversity), have been initiated by 
the Africa Bureau in its Group I and IIcountries. 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 afroniontane 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 Mall. and 

6-12 



promotion of alley-cropping research to diminish the effects of slash-and-bum 
agriculture practiced in many developing countries. 

To date, NRMS assessments are planned or have been completed in 16 of the 23 Category I 
countries (Cameroon, Ghana, Tanzania, Guinea, Kenya, Madagascar, Malawi, Mali, Senegal, Uganda, 

Botswana, Burundi, Gambia, Niger, Rwanda, and Zaire). Besides centralized funding of activities under 

the NRMS project, a 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 soil erosion. Besides reducing damage 
by wind and water, these windbreaks are hawested 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 
Sahellan countries is increasing this number. 

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

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

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

In conjunction with other international donors, forestry sector reviews in preparation for Tropical 

Forestry Action Plans have been conducted in the following 11 Category IAfrican countries: Cameroon, 

Ghana, Guinea, Kenya, Lesotho, Madagascar, Mali, Rwanda, Senegal, Togo, Zaire. 

6.3.3 Asia and the Near East 

A.I.D.'s Bureau for Asia and the Near East (ANE) has given priority to gathering the information 

needed to leam what actions are necessary in each country to achieve sustainable management of 
tropical forests and to conserve biological diversity. Background assessments have been completed for 

Morocco, Tunisia, Egypt, Nepal, Sri Lanka, Thailand, Bangladesh, the Philippines, Yemen, and Indonesia, 

and assessments are underway inJordan, India, and the 10 nations of the South Pacific. Countries that 

will be covered 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 Development 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 Philippines, Indonesia, and the South Pachic. 

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 multi­

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.I.D. is working closely with 
an Increasing number of private voluntary and non-governmental 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), International institutions (including the World 

Bark, the Food and Agriculture Organization, the U.N. World Food Programme, the International Council 
for Research in Agroforestry, the International Food Policy Research Institute, the International Union of 
Forestry Research Organizations, the Consultative Group on Biological Diversity, "and the International 

Institute for Tropical Agriculture), universities here and overseas, and the private sector. 

6.3.5 Centrally-Supported Programs 

Several projects managed from A.I.D.'s headquarters In Washington, D.C., provide technical 
leadership and assistance to A.I.D. field missions 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.I.D.'s bureaus and 
overseas missions, research support, forestry training and forestry program 
studies, and technical reference services. Additionally, itmanages a roster of 
2500 expert consultants in forestry and natural resources, maintains the 
principal database for A.I.D.'s forestry activities, and provides technical support 
for forestry and natural resource management programs of the Peace Corps. 
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" 	 A $40 million 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 
and improving multipurpose tree species and encouraging their socio-economic 
acceptance. 

" 	 The Environmental 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 Diversiy Project provides technical assistance 
to help define conservation priorities, prepare national and local conservation 
strategies, and design 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 deforestation 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.I.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.I.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 international symposium will be held early in 1991 
to discuss the panel's findings. 

" 	 In May 1988, A.I.D. announced a debt-for-development initiative. This new 
mechanism enables A.I.D. to leverage additional fiscal resources for its 
development assistance efforts, inclilding conservation. Under the program, 
A.I.D. supports the purchase - normally through NGOs - of discounted debt 
owed by developing countries to foreign commercial banks. Prior to the 
purchase, the debtor governments and NGOs work out arrangements to 
convert the debt to local currency that will be invested in designated projects. 
Resources made available under this initiative have been used for forestry 
projects in the Philippines and Madagascar. 

* 	 A.I.D. is providing financial support in Guatemala for the first-ever project 
Intended to offset the carbon dioxide emissions of a particular Industrial 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 
CO2 per year for 40 years, or a total of 15.5 million tons, the projected
emissions of the power plant over its lifetime. A.I.D.'s involvement wil be to 
begin testing the potential of carbon sequestration forestry, an innovation which 
many feel holds great promise. 

A.I.D.'s recently promulgated 'Initiative on the Environment calls for analyzing
the possibility of (1) Increasing funding for buffer zone management (without
decreasing support for parks arid 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.I.D.'s total forestry
budget would be reoriented to fund this program beginning In FY 1991. 

6.4 A.I.D. AGRICULTURAL ACTIVITIES AND CUMATE CHANGE 

6.4.1 Introduction 

Although agricultural a'ivitlesare important contributors to greenhouse gas emissions, agriculture 
Is especially significant as the sector most directly and Immediately affected by climate change. A.I.D. 
programs that contribute to general agricultural development in developing countries, particularly to 
enhanced institutional capacity for research and development and to in, Teased resilience of agricultural 
systems, are important components of the global response to climate change. 

6.4.2 A.I.D.'s Approach to Programs and Projects 

A.I.D. 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 cornerstone 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 agricultural policy guidelines, 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 Collaborative Research Support Programs (CRSPs) that are conducted 
in partnership with the Title XII unversities. Most centrally funded and country agricultural sector 
programs Include short-term and degree training for developing country nationals. Such training Is 
essential to enable 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 inthe absence of institutions to provide support in 
education, research, marketing, distribution and extension. A.I.D. is a major contributor to the International 
Agricultural Research Centers. In addition, the Agency supports regional research and educational 
institutions (e.g., CATIE inCentral 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.I.D. also supports networking and technical coordination as a cost-effective means of 
enabling scientists from developing countries to share information and experience. The portfolio of the 
Office of Agriculture in the Bureau for Science and Technology Includes more than 500 scientists from 
over 40 countries who represent at least 50 universities and research institutions. 

6.4.3 Typical and Current Programs InAgriculture 

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

A.I.D. developed the International Benchmark Sites Network forAgrotechnology Transfer (IBSNAT) 
to provide decision-makers at the national and farm levels with easy access to crop model and computer 
expert systems to evaluate various options for sustanability inagriculture. Through this project 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 producion. Twenty-three countries are collaborating in this effort. 

Many of A.I.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.I.D. and EPA are sponsoring a state-of-the-art study by the National Academy of Sciences (NAS) to 
examine the rola of sustainable agriculture in mitigation of deforestation inthe 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 cultivation. The Soil 
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Management Support Services and Tropical Soil Moisture Management programs have focused on 

improved management of dryland agriculture which will likely be severely stressed by climate change. 

Improvements in management of nitrogen within agricultural systems are essential to reduce 

emissions of oxides of nitrogen while maintaining adequate food production. The Nitrogen Fixation by 

Tropical Agricultural Legumes project, Soil Management CRSP, and International 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.I.D.'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, cultural practices, food quality, post-harvest 

management, and socioeconomic studies. The design and implementation of degree programs, 

management of co ;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.I.D. 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.I.D. INITIATIVES TO REDUCE GREENHOUSE GAS EMISSIONS 

SUMMARY 

A significant number of new A.I.D. climate change efforts in t.he energy, forestry and agriculture 
sectors are being planned. They form an integral part of broader niw Agency environmental initiatives.* 

A.I.D. 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 deforestat,'i and degradation, as well as strengthening international, multi-donor 

efforts to support forestry research and in-country tropical forestry assistance programs. New forestry 

Initiatives are planned in key countries including the Philippines, Indone3ia, 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 international collaborative programs for monitoring green­

house emissions and soil organic carbon stocks. 

7.1 INTRODUCTION 

The Congressional guidance and directive contained in the Fiscal Year 1990 Foreign Assistance 
Appropriations Act calls upon A.I.D. 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 plans, to be credible and successful, must Involve consensus and collaboration among the 

developed nd developing countries. This chapter discusses a combInawon oi new AI.D. inftiatives, Ideas, 

and on-fjoing programs, recognizing that 'new Initiatives' have not been approved by official 
representaives of developing country governments, and therefore cannotyet be considered 'action plans'. 

7.2 A.ID INITIATIWES IN THE ENERGY SECTOR 

7.2.1 The Global Energy Efficiency Inltlatlve 

A Global Energy Efficiency lntlatLe (GEEI) has been launched 

collaboration of an ad hoc working group composed of representatives 

by A.I.D. with the active 

from EPA, DOE, national 

See the-,A.I.D. document, Initiative on the Environment,' released June 28, 1990. 
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laborazories and non-governmental organizations. Thq goal of this effort Is to develop, gain international 
support for, and Implement an international program of energy efficiency, inthe context of a no-regrets 
policy outlined by Secretary of State James Baker and by A.I.D. Administrator Ronald Roskens. This effort 
Is being carried out as a part of A.I.D.'s new set of Environmental Initiatives announced by Administrator 

Roskens on June 28, 1990. 

To rea.h Its goal, the GEEI 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 solicited and reviewed. 

Institution Building: The GEEI 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. 

Energy Efficiency Funding: Under GEEI A.I.D. will work with the World 
Bank and other multilateral and bilateral institutions to provide support for 
promoting energy efficiency investments Insupply 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 woutd help establish an international 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: GEEI 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 international coordination and collabcration in 
energy efficiency. The network would enable access to data on energy 
efficiency performance standards, system equipment and appliance 
efficiencies, least-cost planning methodologies, energy policies and 

The U.S. Energy Associ-tion 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 association dedicated to 
Increasing sales of all forms of renewable energy. 
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regulations of various countries, and other items relevant to energy 
conservation. 

Global Energy Efficiency Study: GEE1 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 international awareness of its potential, and 
develop support for implementation of comprehensive energy efficiency 
programs in developing countries and Eastern Europe. 

7.2.2 	 Collaborative Technology Development and Commercialization Programs Among 
Industriallzcd and Developing Countries 

Developing countries face massive, daunting problems In meeting their electric power needs for 

economic development Inways that are financially and environmentally acceptable. Serious capital and 

managerial constraints 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, current financing for technology development 

and commercialization is insufficient to make a major impact. Furthermore, multilateral development banks 

and international financing institutions are technologically risk averse. Yet, such Institutions do not finance 

technology research, development, and commerciali7ation, 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 multIaceted 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 deve:oping countries 

and contribute to reducing greenhouse gas emissions. Conference participants suggested that the funds 

7-3
 



could be created from a global carbon users fee of about $0.02 per barrel 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, t (as well as schemes for international trading of emissions rights) Is now being discussed 
extensively in the International energy/environment community, and needs to be explored along with other 
mechanisms. A.I.D. has not taken a position on the desirability of this approach. 

7.2.3 Formation of an International Electric Utility Industry Network 

A.I.D. representatives have met with senior executives from the Electric Power Research Institute 
(EPRI) in the U.S. and from utilities in Western Europe, Japan, Canada, India, China and Brazil to explore 
the possibility of forming an International Electric Utility Industry Network to sponsor collaborative research 
and technology ,development related to climate change. EPRI has an International 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.I.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. Some 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 international participatory network. 

A.I.D. works closely within the MAGPI 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 international 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 
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and capacity factors, reduced transmission and distribution losses, and significantly increased end-use 

efficiency In all sectors. 

Areas of primary concern that strongly suggest the usefulness of an International Electric Utility 

Industry Network include the following: 

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

Research, technology development, and commercialization if more 
environmentally so, 'id 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 countries; 

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 emironmental information on 
electric power systems technology. 

7.2.4 Promoting U.S. Exports of Clean Energy Technologies 

Increased promotion of U.S. exports of er -gy efficient and renewable energy technologies would 
help developing countries meet their growing energy needs, contribute 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 renewable energy technologies in developing countries by combining the technical leadership of the 
U.S. Industry, A.L.D.'s close working relationship with developing countries, and additional technical 
resources from other agencies, such as DOE and EPA WhHe the 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 galning a greater competitive edge In international markets and 
reducing its trade deficit. In the longer term, all countries would benefit from a safer environment and 
lower energy prices, as Increased sales reduce the costs of these technologies. 

The rapid growth Indemand 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 
confronting a shortfall of more than 30%. Additionally, to meet the demand for petroleum in their 
transportation sectors, countries have had to commit significant portions of their foreign exchange 
earnings. The increased use of traditional fuels, particularly wood and charcoal, is a major factor In 
deforestation. As energy use has risen, air and water quality in many locations has been severely 
degraded. Inaddition, continued growth Indemand 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 more aggressive policy to support the development and adoption of 
alternative energy options. The U.S., as a leader Inenergy efficiency and renewable energy products, 
services, and know-how, can make asignificant contribution to helping developing countries meet their 
needs for reliable, clean energy. A.I.D.can contribute to the development of amore focused U.S. strategy 
that combines export promotion, technology transfer, and training to assist developing countries inthis 
effort. These countries would benefit Inthe near term by having quicker access to and support inthe 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 components. 

Increasing exports would benefit U.S. firms who would realize higher sales and benefit from a 
stronger market base. The nation, in turn, would benefit from lower trade deficits. Asignificant effort to 
penetrate developing country markets now would also put U.S. Industry ina better position to benefit from 
increased demand for clean energy technologies, which could occur as a result of future limitations on 
greenhouse gas emissions. To the benefit of both developing countries and the U.S., addt!onal 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 manufacturers took advantage of increased economies of scale in their 
production processes and passed on the savings. 

To take advantage of these or"bortunities, 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 inthese 
unfair trade practices, yet itdoes fund a number of programs to support U.S. industry. A.I.D. isexploring 
ways inwhich the Agency could significantly expand its participation in and support for these programs 
as ameans 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.I.D. INITIATIVES IN THE FORESTRY SECTOR 

Both Congress and A.I.D. have recognized the need to address problems posed by unwarranted 

deforestation in tropical areas. Section 118 of the Foreign Assistance Act authorizes A.I.D. to increase 

its tropical forest development and conservation activities. A.I.D.'s April 1988 policy paper entitled 

'Environment and Natural Resources' recognized tropical forests as a special concern and declared it to 

be A.I.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.I.D. issued its 1Initiatives 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 ti iese 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.I.D. proposes to expand policy development, research, technical assistance, technology 

development and difusion, 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 its capacity to 
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perform a multiplicity 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 of 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 irreplaceable, resource for development purposes. More specifically, these 
Initiatives by A.I.D. will include: 

Collaborative efforts to strengthen International tropical forest 
research and the InstitutlonIJ mechanisms to carry It out. These 
efforts 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.I.D. will play an active role within the bilateral and multilateral 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 Research supported by A.I.D. (the F/FRED project), and 
others. 

Strengthening worldwide In-country Implementation oftropicalforestry
assistance. Significant attention will be given to reforming, restructuring,
and improving the Tropical Forestry Action Plan (TFAP), 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 analysis 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. 
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Strengthening the Institutional and human resource capabilities which 
are needed in developing countries to carry out research and develop 
and Implement appropriate policies and programs on acontinuing basis. 

7.3.." Expanded Program to Conserve and Sustainably Manage Tropical Forests In"Keyn Countries 

Nev, forestry initiatives are going forward on those 'key' countries where deforestation is a major 

source of greenhouse gas emissions. Significant examples include: 

Philippines 

Amajor new environment and natural resource project beginning InFY 1990 includes support for 

forestry policy and management as well as a debt-for-nature swap. Planned obligations for FY '1990 are 

$24 million. 

Indonesia 

A new $18.5 million Environment and Natural Resources project Is under preparation. Itwill 

address both environmental policy issues and sustainable management of Indonesia's extensive tropical 

forests. An interesting feature of this project Isexpected to be its focus on policy development 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 primajy 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 - interms of sustainable land-use systems in the ecologically diverse Amazon region. Proposed 

activities include support ,'orrasearch and workshops involving Brazilian and U.S. experts on natural 

resource economics, 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 include: policy analysis, research, evaluation and 

dissemination of information on sustainable forestry and agroforestry, training, ecotourism, and the 

ectablishment of parks and extractive reserve.. 

Mexico 

A.l.D. plans to place major emphasis on promoting the conservation and rational management 

of Mexico's forest resources, particularly inthe tropical and subtropical forests of southern 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-enterpris 
development and community watershed protection; and training and environmental education for local 
inhabitants. 

Zaire 

A.I.D. has proposed a new $2 million global climate change initiative in Zaire, which has been 
incorporated into the country action plan. U.S.A.I.D./Zaire has amended its Small Project Support Project 
(SPSP) to provide additional funding for small-scale community development projects in the Shaba and 
Bandundu regions. The SPSP also has extended its funding reach beyond these regions to fund a 
proposed project in the Ituri 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 managen' ent and energy-use 
issues. Medium- and long-term activities to address global climate change will be developed in the near 
future. 

7.4 	 A.I.D. INITIATIVES IN THE AGRICULTURE SECTOR 

7.4.1 	 International Collaborative Program for Monitoring and Increasing Stocks of Carbon In Soil 
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 Agricutural Systems identified this potential, but also pointed out that 
there is little knowledge concerning the relationship between rates of carbori additions to or loss from the 
soil stock and land-use management. Soil organic matter is also a source of carbon dioxide emissions, 
especially when there are changes in land.use. Cultivation of soils, burning of grasslands, 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.l.D. is in a unique position to increase Information on stocks and changes in stocks of soil 
organic carbon. A.l.D. collaborates with universities and national and international research institutions 
who manage hundreds of research sites Indeveloped and developing countries. These sites represent 
a range of ecological zones, soil types and management practices, and frequently have well-documented 
histories of land-use management. Modest investment ol additional funds in these existing sites and 
programs would be an extremely cost-effective means of filling these critical gaps in our knowledge. A.I.D. 
will explore this possibility. 

7.4.2 	 International Collaborative Network for Monitoring Greenhouse Gas Emissions from 
Terrestrial 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.I.D. is in a unique position to increase information on gaseous emissions from terrestrial 
ecosystems and to relme such emissions to land-use management. A.l.D. collaborates with universities 
and national and international research institutions who manage hundreds of research sites, both in 
developed and developing countries, that repreroent a range of ecological zones, soil 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 Inour knowledge. A.I.D. 
will explore this possibility. 
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7.4.3 Sustainable Agricultural Systems Collaborative Research Support Program 

A.I.D. has begun the planning process to implement in FY 1991 a Sustainable Agricultural Systems 

Collaborative Research Support Program (CRSP) that will Integrate agricultural, environmental and social 

sciences within A.I.D.'s agricultural portfolio. 

Promotion of sustainable agriculture is a logical way for A.I.D. to respond to the challenges of 
environmental degradation in the rural landscapes of developing countries. Over 30% of A.I.D.'s portfolio 

is in agriculture and rural development. Agricultural systems, especially paddy rice, animals, and 
grasslands which are burned, are significant contributors to atmospheric greenhouse gases. In addition, 

slash-and-bum 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 alternatives, including alternative 
technologies which could significantly decrease forest destruction to Increase land available for 

agriculture, wll also reduce greenhouse gas emissions from agricultural systems. 

A.I.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 forthe technical scope-of-work, appropriate rozearch sites In developing countries, and 

criteria for selecing grantees to conduct the CRSP. The CRSP will be awarded in FY 1991 through a 

competitive 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.I.D. Response.' Chapter 2 of this background document provides additional 
material on population and economic growth as well as greerhouse 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 discus.ion 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 (FISWG) of the intergovemmental Panel on Climate Change (IPCC), discussed in Chapter 
3 of the main report. Chapter 4 of this documen t providos background information on the discussion in 
Chapter 4 of the main report on the potential reductions in emissions the international community may 
be able to achieve while maintaining economic growth. 
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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. Estimatb3 of emissions 

were presented on a C02-equivalant basis in Chapter 2of the main report; here, emission estimates are 

presented inthe more conventional units, i.e., CO2 Interagrams of carbon (Tg C), CH4 interagrams CH4 

(Tg CH4), N20 in teragrams of nitrogen (Tg N), and CFCs in gigagrams of each chemical (Gg based on 

full molecular weight).,a b 

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 levels of GDP as well as 

GDP/capita. 

2.3 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 CO2 from fossil fuels, deforestation, and cement, and for CH4from livestock 
2 3 4and animal wastesC, ' , , , 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 burning, 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.,6.2.7.8 Regional estimates of CH4 emissions from landfills 

a 1 Tg 1012 grams 106 t = 1 million metric tons. 

1 0 3 t.b 1Gg =109 grams 

CRecent data indicates that animal wastes are asignificant 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 CH4 budget. 
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were disaggregated based on country-specific GNP/caplta and population data.9 ,10 Global estimates of 

nitrous oxide emissions from fertilizer use, biomass burning, 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. 11,12,13.2,8 Regional estimates of CFC 
emissions were based on regional production estimates; these were disaggregated into country-specific 

emissions based on population.1Z9 
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TABLE 2-1
 

RECENT POPULATION AND ECONOMIC INDICATORS
 

Average 
Annual Average 

1985 
Population 
(millions) 

Population 1985 GDP 
Growth (%) (billions 
1980-1985 of dollars) 

Annual GDP 
Growth (%) 
1980-1985 

1985 GDP 
per capita 

($1,000/cap) 

Low- and middle income economies" 3,705 2.0 2,496 3.4 0.67 

Low-income economies Z709 2.0 815 5.9 0.30 

Middle-income economies 996 2.2 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 2.5 33 -0.5 0.60 

South Asia 1,033 2.3 277 5.4 0.27 
India 765 2.2 176 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 2.2 682 0.5 1.76 

Brazil 136 2.3 188 1.3 1.38 
Mexico 79 2.6 177 0.8 2.24 
Rest of Central America 25 1.0-3.5 29 -1.8-2.4 1.16 

17 highly indebted countries 556 2.4 826 0.2 1.49 

High-income economiesa 867 0.7 8,933 2.3 11.65 

OECD members 738 0.6 8,693 2.4 11.78 

Total reporting economies 4,472 1.8 11,431 2.6 2.56 

aThis 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 a GNP per 
capita of more than $480 but less than $6,000 in 1987, and high-income economies are thosr, that had a 
GNP per capital of $6,000 or more in 1987. 

Sources: Regional data from World Bank (1989);9 Key country data from World Bank (1987).14 
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CHAPTER 3
 

BACKGROUND DOCUMENTATION ON THE POTENTIAL CONTRIBUTIONS O?
 
DEVELOPING COUNTRIES TO GREENHOUSE GAS EMISSIONS ASSUMING NO POLICY ACTIONS 

This study relies on the greenhouse gas cmission scenarios developed by the Energy and 

Industry Subgroup (EIS) and the Agriculture, Forestry, and Other Human Activities Subgroup (AFOS) of 

the Response Stategies Workng Group (RSWG) of the Intergovernmental Panel on Climate Change 

(IPCC). Key components of these scenarios are discussed below. 

3.1 POPULATION GROWTH 

Two approaches were used to develop the population estimates for the IPCC. For the EIS/AFOS 

Reference case, population esti.-ates wr-e provided by each of the participating courtries. In order to 

compile a complete global population estimate, World Bank population projections for countries not 

participating in the development of the EIS/AFOS Reference Case were used.1 

For the Task A scenarios, the World Bank population estimates were used and were not varied 

among scenaion. The World Bank assumed that population growth rates in developing countries will 

begin to :?cline markedly after 2000, achieving a net r-production rate of unity in every country by 2040. 

(A net reproduction rate or unity indicatesthat people of child-bearing age have children at a replacement 

rate; it eventually ead; to a stable population level.) These estimates project a global population of 8.2 

billion by 2 (.2 5 .a 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. Ifa 

country was not participating in the deve!opment of the EIS/AFOS Reference case, Information provided 

by the Inter,,ational Energy Agency2 was used to develop economic growth estimates.3 In the Task A 

scenario3, rates of economic growth were derived from estimates from the World Bank to reflect a • -nge 

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. 

aUnder 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
 
(millions) 

EIS/AFOS Reference Task A ReDort 
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 17U 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 17" 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 1,858 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 5,963 7,979 4,870 6,176 8,190 

Sources: U.S./Japan Expert Group Report (1990);3 Zachariah and Vu (1988). 1 
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TABLE 3-2 

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

(%Iyea) 

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 2.9 3.0 

North America 2.6 2.0 2.2 2.0 1.5 3.0 2.5 

Western Europe 2.6 2.1 2.3 2.0 1.5 3.0 2.5 

OECD East 3.9 2.7 3.1 2.5 1.5 3.5 2.5 

Eastern Europe/USSR 3.3 3.1 3.2 2.6 2.1 4.6 4.1 
Poland 2.5 2.9 2.8 2.6 2.1 4.6 4.1 

Africa 2.8 4.7 4.0 3.0 2.6 4.5 4.0 
Zaire NA NA NA 2.2 1.7 4.2 3.7 

Cent Plan Asia 5.2 5.4 5.3 3.5 3.0 5.5 5.0 
China 5.6 5.6 5.6 3.6 3.1 5.6 5.1 

Latin America 2.8 3.5 3.3 2.7 2.2 4.7 4.2 
Brazil 3.2 3.2 3.2 2.9 2.4 4.9 4.4 
Mexico 3.5 3.5 3.5 2.6 2.1 4.6 4.1 
Rest of C. America NA NA NA 2.6 2.1 4.6 4.1 

Middle East 5.4 4.6 4.9 3.3 2.8 4.1 4.6 

South & East Asla 4.5 4.6 4.6 3.3 2.8 5.3 4.8 
India 4.9 4.9 4.9 3.6 3.1 5.6 5.1 
Indonesia 3.0 3.0 3.0 3.6 3.1 5.6 5.1 
Pakistan NA NA NA 3.6 3.1 5.6 5.1 
Philippines NA NA NA 2.6 2.1 4.6 4.1 

Sources: U.S./Japan Expert Group Report (1990);3 Task A Report (1990).4 
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3.3 EMISSION SCENARIOS ASSUMING NO RESPONSE TO CUMATE CHANGE 

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

3.3.1 Emissions from Energy 

The largest source of greenhouse gas emiss!ons 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 Growth) - 737 EJ (EIS/AFOS Reference) by 2025.b Table 3-3 summarizes fuel use by 
type. Table 3-4 summarizes the regional differences in energy use and C02 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 BASEUNE SCENARIOS 
(Exajoules/year) 

2025 
EIS/AFOS '2030 Emissions Case' 

1985 Reference Lower Growth Higher Growth 

Coal 86 238 159.1 276.8 
OU 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);3
 

Task A Report (1990).4
 

1ib 1 Exajoule = 1 EJ = joules; 1 Exajoule = 0.95 quadrillion Btus 
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TABLE 3-4
 

ENERGY AND CO 2 RESULTS FROM THE BASELINE SCENARIOS
 

Energy Use in 2025 C0 2 Emissions in 2025 
Exaioules 

'2030 Emissions,'20.'0 
(Pq C) 

Emissions' 

REGIONS 1985 
EIS/AFOS 
Reference 

Lower 
Growth 

Higher 
Growth 1.985 

EIS/AFOS 
Reference 

Lower 
Growth 

Higher 
Growth 

United States 77.2 111 96.4 111.2 1.4 2.1 1.7 2.0 
OECD Europe/Canada 62.9 103 77.1 91.7 0.8 1.4 1.1 1.3 
OECD Pacific 19.2 39 22.1 24.9 0.3 0,6 0.4 0.4 
Eastern Europe/USSR 74.9 166 128.5 143.2 1.4 2.8 2.3 2.7 
Centrally Planned Asia 24.5 88 46.2 87.9 0.5 1.8 1.0 2.0 
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 
South and East Asia 

15.7 
15.1 

49 
92 

32.4 
28.6 

65.8 
66.4 

0,2 
U.3 

0.6 
1.6 

0.4 
0.5 

0.9 
1.2 

TOIAL 305.9 737 472.7 657.1 5.2 12.4 8.1 11.7 

Sources: U.S./Japan Expert Group Report (1990);3 Task A Report (1990).4 

TARLE 3-5 

SUMMARY RESULTS FROM EIS/AFOS REFERENCE CASE: KEY COUNTRIES 

Primary Energy CO2 Emissions 
(exaioules) (million tons C)GDP Growth AAGRS AAGRa 

(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 41 129 2.9 
China 100 877 29.0 86.0 2.8 503 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 4.4 
Mexico 100 396 4.5 12.0 2.5 68 199 2.5 
Poland 100 296 5.3 11.4 1.9 119 255 1.9 

a 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 International Energy Agency forecast used in 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;5 and 

The 14th World Energy Conference provides a range of global energy 

perspectives in the year 2020.6. 

These estimates contain sufficient detail on primary energy supplies to construct CO2 emission estimates. 

The same emission coefficients that were used in interpolating and/or extrapoating CO2 emission results 
in the IPCC scenarios were applied to energy consumption 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 lEA and CEC emisslon estimates are higher than the EIS/AFOS Reference case, 
although the differences are minor. The calculated emissions under both WEC scenarios remain below 

those of the EIS/AFOS Reference case. The emissions inthe EIS/AFOS 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, 
CO2 emissions from the OECD will continue to rise, albeit slowly, over the next several decades. 

Emissions growth in the rest of the world will be more rapid, and global CO2 emissions will continue to 
cause CO2 concentrations to increase for the foreseeable future. 
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FIGURE 3-1 

C02 EMISSION COMPARISON
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TABLE 3-6 

COMPARISON OF CO2 EMISSIONS IN THE EIS/AFOS REFERENCE CASE 
WITH ALTERNATIVE ENERGY FORECASTS 

(billion tons of carbon) 

Study/Forecast 1985 1987 1990 1995 2000 2005 2010 2020 

EIS/AFOS Reference Case 5.23 5.87 6.48 7.24 8.05 8.92 11.00 

International Energy Agency 5.64 6.71 8.52 

Commission of the European
Communities 5.35 6.09 6.81 7.53 8.27 9.01 

,I4th World Energy Conference 
Moderate Scenario (M) 5.02 6.57 8.45 
Umited Scenario (L) 5.02 6.01 7.10 

Sources: U.S./Japan Expert Group Report (1990); 3 lEA (1989);2 CEC (1989); 5 WEC (1989).6 

3.3.2 Emissions from Deforestation 

The CO2 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.c 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.d The rate of establishment of treeplantations 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. 

cThe level of CO2 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 Heference scenario began with 1985 emissions of CO2 from
deforestation at ca. 1.7 Pg C globally; no regional breakout was provided. 

d 1 hectare = 2.461 acres. 



TABLE 3-7 

NET CO2 EMISSIONS FROM TROPICAL DEFORESTATION 
(Pg C/year) 

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 0.18 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 	 Emlslons from CFCe 

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

3.3.4 	 Emlslons from Agriculture 

Emissions from agricultural activities were developed by the Agriculture, 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 agricuitural activity (e.g., CH4 emissions per hectare of land used for paddy rice cultivation) 

were assumed to remain 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 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. 
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TABLE 3-8
 

EMISSIONS FROM THE MAJOR CFCS: 2030 EMISSIONS SCENARIO
 
(1o'tons) 

REGION 
CFC-11 

1985 2025 
CFC-12 

1985 2025 
HCFC-22 

1985 2025 
CFC-113 

1985 2025 
CI-

1985 
CCI, 

2025 
CCI4 

1985 2025 
Halon 1301 

1965 2025 

United States 0.048 0.019 0.108 0.071 0.047 0.421 0.058 0.057 0.394 1.835 0.023 0.013 0.0009 0.0033 

OECD Europe/Canada 0.113 0.190 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 Paciflo 0.025 0.041 0.032 0.050 0.009 0.037 0.039 0.079 0.049 0.218 0.008 0.010 0.0001 0.0004 

Eastern Europe/USSR 
Poland 

0.034 
NA 

0.078 
NA 

0.072 
NA 

0.152 
NA 

0.004 
• NA 

0.090 
NA 

0.009 
NA 

0.029 
NA 

0.088 
NA 

0.517 
NA 

0.014 
P-0 

0.026 
NA 

0.0002 
NA 

0.0011 
NA 

Centrally-Planned Asia 
China 

0.005 
NA 

0.024 
NA 

0.009 
NA 

0.062 
NA 

0.001" 
NA 

0.016 
NA 

0.001 
NA 

0.016 
NA 

0.012 
NA 

0.093 
NA 

0.002 
NA 

0.010 
NA 

<0.0001 
NA 

0.0001 
NA 

MIddle East 0.003 0.016 0.003 0.022 <0.001 0.008 0.001 0.007 0.001 0.044 0.001 0.004 <0.0001 0.0001 

Africa 
ZUre 

0.017 
NA 

0.082 
NA 

0.016 
NA 

0.115 
NA 

0.001 
NA 

0.039 
NA 

0.003 
NA 

0.038 
NA 

0.029 
NA 

0.227 
NA 

0.004 
NA 

0.023 
NA 

0.0001 
NA 

0.0006 
NA 

Latin America 
Brazil 
Mexico 
Rest of Central America 

0.012 
NA 
NA 
NA 

0.058 
NA 
NA 
NA 

0.011 
NA 
NA 
NA 

0.081 
NA 
NA 
NA 

0.001 
NA 
NA 
NA 

0.028 
NA 
NA 
NA 

0.002 
NA 
NA 
NA 

0.027 
NA 
NA 
NA 

0.020 
NA 
NA 
NA 

0.160 
NA 
NA 
NA 

0.003 
NA 
NA 
NA 

0.016 
NA 
NA 
NA 

0.0001 
NA 
NA 
NA 

0.0004 
NA 
NA 
NA 

South and East Asia 
India 
Indonesia 
Pakistan 
Philippines 

0.021 
NA 
NA 
NA 
NA 

0.102 
NA 
NA 
NA 
NA 

0.022 
NA 
NA 
NA 
NA 

0.162 
NA 
NA 
NA 
NA 

0.002 
NA 
NA 
NA 
NA 

0.052 
NA 
NA 
NA 
NA 

0.004 
NA 
NA 
NA 
NA 

0.050 
NA 
NA 
NA 
NA 

0.038 
NA 
NA 
NA 
NA 

0.299 
NA 
NA 
NA 
NA 

0.006 
NA 
NA 
NA 
NA 

0.030 
NA 
NA 
NA 
NA 

0.0001 
NA 
NA 
NA 
NA 

0.0007 
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 0.0020 0.0054 

World (CO2-Equlvalent 
Basis; Tg CO) 974 2.139 2,655 6,258 111 1.246 632 1,561 81 420 113 219 12 49 

Source: Talk" A Report (1990).4 
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FIGURE 3-2 
AGRICULTURAL ACTIVITIES 
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TABLE 3-9 

EMISSIONS FROM AGRICULTURAL ACTIVITIES: 
2030 EMISSIONS SCENARIO 

CH, from Rice (Ta) CH, from Animals (Ta1) N2O from Fertilizer (Ta N) 

REGION 1985 2025 1985 2025 1985 2025 

United States 0.8 1.0 9.8 12.7 0.281 0.343 

OECD Europe/Canada 0.7 0.7 14.8 18.9 0.298 0.588 

OECD Pacific 1.8 1.3 4.6 8.0 0.024 0.036 

Eastern Europe/USSR 1.6 1.8 13.2 16.4 0.311 0.584
 
Poland NA NA NA NA NA NA
 

Centrally-Planned Asia 32.1 32.7 6.9 13.3 0.304 0.505 
China 26.7 27.2 6.4 12.1 0.282 0.462 

Middle East 0.6 0.8 1.0 2.8 0.024 0.060 

Africa 2.6 5.5 5.1 13.2 0.054 0.209 
Zaire NA NA NA NA NA NA 

Latin America 5.9 7.0 9.5 21.0 0.073 0.205 
Brazil 4.1 3.7 2.7 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 2.8 8.4 0.026 0.062 

South and East Asia 63.4 97.9 10.1 18.3 0.217 0.938 
India 31.1 51.6 5.3 9.0 0.116 0.317 
Indonesia 7.3 14.4 0.5 1.1 0.027 0.341 
Pakistan 1.2 1.6 1.6 2.9 0.029 0.164 
Philippines NA NA NA NA NA NA 

World 109.4 148.7 75.2 124.6 1.586 3.468 

World (C02-Equivalent 
Basis; Tg C02) 2,297 3,123 1,579 2,617 460 1,006 

Source: Task A Report (1990).4 
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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 C02-equivalent basis; in this chapter emission estimates are expressed in the more convenional 
units prior to conversion to a C0 2-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.1 In addition to these s,-enaros, policy 
studies on several developing countries are included. These individual counry 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) o4 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 prescnted 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 designed to evaluate what could happen Ifthe 

modified emission levels were achieved. 

4.2 EMISSIONS ASSUMING POUCY RESPONSES TO CUMATE CHANGE 

The following sections summarize emissions from the major emission-producing activities. 

4.2.1 Emlsson. 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 non4osii energy supplies, and greater 

reliance on less carbon-Intensive fossil fuels (e.g., the substitution of natural gas for coal). For example, 

In the Task A Report policy scenarios, global prirnary 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 Table 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 patterns on emissions is a significant reduction Inglobal 
C02 emissions compared to the non-policy cases (Table 4-2 and Figure 4.1 

TABLE 4-1 

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

2025 
'2060 'Control Policies' "Accelerated Policies' 

Lower Higher Lower Higher Lower Higher
1985 Growth Growth Growth' Growth Growth Growth 

Coal 
Oil 
Gas 
Hydro 
Other 

86 
121 
59 
19 
21 

97.8 
117.0 
91.6 
41.2 
25.9 

131.5 
122.4 
104.0 
48.7 
41.1 

105.0 
117.3 
81.3 
41.1 
29.3 

132.8 
122.4 
83.4 
53.3 
63.9 

85.3 
118.8 
61.5 
43.9 
76.1 

101.1 
117.0 
59.9 
53.4 

194.7 

TOTAL 306 373.5 447.7 374.0 455.8 385.6 526.1 

Average Annual 
Growth Rate 0.5 1.0 0.5 1.0 0.6 1.4 

Source: Task A Report (1990).1 

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 77.2 76.0 66.3 76.2 67.9 71.4 71.5 
OECD Europe/Canada 62.9 65.1 56.6 65.3 58.0 623 62.7
OECD Pacific 19.2 17.1 18.5 16.8 19.3 17.8 19.5
Eastern Europe/USSR 74.9 94.8 99.3 95.3 101.5 84.5 92.4
Centrally Planned Asia 24.5 40.7 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 24.1 48.8 37.2 68.4 

TOTAL 305.9 373.8 446.6 374.0 456.5 386.3 526.6 

Source: Task A Report (1990). 1 
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FIGURE 4-1 

C02 EMISSIONS FROM FOSSIL FUELS BY REGION 
(Birllion Tons C02/Year) 
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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 C02 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 Energy Use C02 Emissions 
Average Annual Emissions Average(EJ/Vr) Annual Growth (Tq CVr) Annual Growth

2025 2025 J%/Yr) 2025 2025 -%/vd1985 Reference Policy Reference Policy 1985 Reference Policy Reference Policy 

Brazil 6.0 15.2 9.6 2.7 1.2 41 129 63 2.9 1.1China 29.0 86.0 73.2 2.8 2.3 503 1,719 1,360 3.0 2.4India 8.1 36.6 29.0 3.8 3.2 98 620 480 4.0 3.4Indonesia 1.8 9.3 7.7 4.2 3.7 22 141 111 4.4 3.8Mexico 4.5 120 9.1 2.5 1.8 68 199 133 2.5 1.5Poland 5.3 11.4 5.7 1.9 0.2 119 255 100 1.9 -0.4 

Source: U.S./Japan Expert Group (1990).2 

4.2.2 Emissions from Deforestation 

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.a Only land that once supported forests and is not Intensively cultivated was 
assumed to be available for reforestatidn. Of the reforested land, 380 million ha are assumed to be in 
plantations; as a result, the remaining land absorbs carbon at a much slower rate but evantually reaches 
amuch higher level of biomass. The biosphere becomes a sink for carbon by 2000 and reaches its peak
absorption of 0.7 Pg C/yr before 2025. The size of the sink 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. 

aThe 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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FIGURE 4-2 

CARBON DIOXIDE EMISSIONS 
FROM ENERGY USE IN KEY COUNTRIES 

(Million Tons CO2/Year) 
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TABLE 4.4 

NET CO2 EMISSIONS FROM TROPICAL DEFORESTATION 
(Pg C/year) 

Rapid Deforestation Moderate Deforestation Reforestation
REGION 1985 2000 2025 2000 20002025 2025 

Latin America 0.35 0.59 0.83 0.47 0.53 -0.26 -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 0.02 -0.08 

TOTAL 0.73 1.80 0.961.16 0.89 -0.22 -0.46 

Source: Task A Repo-, (1990).1 

4.2.3 Emissions from CFCs 

Table 4-5 summarizes the emissions from CFC use inthe IPCC policy cases. The 2060 Emissions 
case 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 alternative emissions scenario 
for agricultural activities that assumed policy actions would be taken to reduce agriculture-related 
emissions. This scenario did not alter the levels of agricultural activity discussed inthe previous chapter. 
The amount of land under paddy rice cultivation, nitrogen fertilizer use, and meat and dairy production 
were assumed to remain constant. However, technological and management Improvements were 
assumed that lowered the rate of emissicns from agricultural 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.iagement methods. Methane 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 SCENARIOSa
 
(10 tons) 

REGION 1985 
CFC-11 

2025 1965 
CFC-12 

2025 
HCFC-22 

1985 2025 
CFC-113 

1965 2025 
C-LCCl 

1985 2025 1985 
CCI4 

2025 
Halon 1301 

1985 2025 

United States 0.048 0.002-0.039 0.106 0.003-0.063 0.047 0.859-0.995 0.058 0.0.045 0.394 0.321-0.891 0.023 0.029-0.080 0.0009 0.003-3.600 

OECD Europe/Canada 0.113 0.004-0.092 0.091 0.003-0.070 0.010 0.188-0.217 0.034 0-0.026 0.180 0.147-0.407 0.027 0.034-0.092 0.0005 0.002-2.000 

OECD Pacific 0.025 0.001-0.020 0.032 0.001.0.025 0.009 0.164-0.190 0.039 0-0.030 0.049 0.040-0.111 0.008 0.010-0.026 00001 <0.001-0.400 

Eastern Europe/USSR 0.034 0.001.0.028 0.072 0.02-0.055 0.004 0.068-0.079 0.009 0-0.007 0.088 0.072-0.199 0.014 0.018-0.049 0.0002 0.001-0.800 
Poland NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

Centndly-Planned Asia 
China 

0.005<0.001-0.004 
NA NA 

0.009<0.001-0.007 
NA NA 

0.001 
NA 

0.009-0.011 
NA 

0.001 
NA 

0-0.001 
NA 

0.012 
NA 

0.010-0.026 
NA 

0.002 
NA 

0.002-0.006 
NA 

<0',31 <0.001-0.065 
NA NA 

Middle East 0.(03<0.001-0.003 0.003<0.001-0.002 <0.001 0.004-0.005 0.001 0-<0.001 0.001 0.005-0.013 0.001 0.001-0.003 <0.0001 <0.001-0.073 

Africa 0.017 0.001-0.014 0.016<0.0010.012 0.001 0.022-0.026 0.003 0-0.002 0.029 0.023-0.065 0.004 0.005-0.015 0.0001 <0.0010.372 
Zaire 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 0.018-0.018 0.002 00.002 C.020 0.016-0.046 0.003 0.004-0.010 0.0001 <0.001-0.263 
Brazil 
Mexioo 
Ret of Central America 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 
NA . 

NA 
NA 

A 

1,A 
NA 
NA 

NA 
NA 
NA 

South and East Asia 
India 
Indonesia 
Pakistan 

0.021 
NA 
NA 
NA 

0.01-0.017 
NA 
NA 
NA 

0.022 
NA 
NA 
NA 

0.001-0.017 
NA 
NA 
NA 

0.002 
NA 
NA 
NA 

0.029-0.034 
NA 
NA 
NA 

0.004 
NA 
NA 
NA 

0-0.003 
NA 
NA 
NA 

0.038 
NA 
NA 
NA 

0.031.085 
NA 
NA 
NA 

0.006 
NA 
NA 
NA 

0.007-0.020 
NA 
NA 
NA 

0.0001 <0.0010.427 
NA NA 
NA NA 
NA NA 

PhilIppine NA NA NA NA NA NA NA NA NA NA NA NA NA NA 

World 0.278 0.011-0.227 0.364 0.010-0.279 0.074 1.357-1.572 0.015 0-0.117 0.813 0.664-1.841 0.087 0.110-0.300 0.0020 0.007-8.000 

World (CO2-Equlvalett 
Bae; Tg CO) 974 37-793 2,655 74-2,037 111 2,036-2,358 632 0-490 81 66-184 113 143-390 12 42-46,400 

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

Source: Task A Report (1990).1 
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application. (Itis possible that policies could also encourage the development of fertilizers that would after 
the total quantity of fertilizer required; however, this possibility was not evaluated by the IPCC.) Table 
4-6 summarizes the Impact of these policies on emissions from agricultural activities. 
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TABLE 4-6
 

EMISSIONS FROM AGRICULTURAL ACTIVITIES:
 
TASK A REPORT
 

N20 from 
CH, from Rice (T) CH, from Animals (To) Fertilizer (To N) 

2025 2025 2025 2025 2025 2025 
REGION 1985 Reference Policy 1985 Reference Policy 1985 Reference Policy 

United States 0.8 1.0 0.9 9.8 12.7 10.3 0.281 0.343 0."35 

OECD Europe/Canada 0.7 0.7 0.6 14.8 18.9 15.7 0.298 0.588 0.482 

OECD Pacific 1.8 1.3 1.1 4.6 8.0 6.5 0.024 0.036 0.029 

Eastern Europe/USSR 1.6 1.8 1.5 13.2 16.4 13.4 0.311 0.584 0.478 
Poland NA NA NA NA NA NA NA NA NA 

Centrally-Planned Asia 32.1 32.7 26.7 6.9 i3.3 11.2 0.304 0.505 0.413 
China 26.7 27.2 22.2 6.4 12.1 10.2 0.282 0.462 0.378 

Middle East 0.6 0.8 0.6 1.0 2.8 2.3 0.024 0.060 0.049 

Africa 2.6 5.5 4.5 5.1 13.2 11.0 0.054 0.209 0.171 
Zaire NA NA NA NA NA NA NA NA NA 

Latin America 5.9 7.0 5.7 9.5 21.0 17.3 0.073 0.205 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 2.5 0.028 0.101 0.083 
Rest of Central America 1.6 3.0 2.5 2.8 8.4 6.9 0.026 0.062 0.051 

South and East Asia 63.4 97.9 80.1 10.1 18.3 16.0 0.217 0.938 0.767 
India 31.1 51.6 42.2 5.3 9.0 8.0 0.116 0.317 0.260 
Indonesia 7.3 14.4 11.7 0.5 1.1 0.9 0.027 0.341 0.279 
Pakistan 1.2 1.6 1.3 1.6 2.9 2.5 0.029 0.164 0.034 
Philippines NA NA NA NA NA NA NA NA NA 

World 109.4 148.7 121.6 75.2 124.6 103.7 1.586 3.468 2.822 

World (CO -Equivalent 
Basis; Tg CO2) 2,297 3,123 2,554 1,579 2,617 2,178 460 1.006 818 

Source: Task A Report (1990).1 
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