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Executive Summary 
 

 
SHATTERING MYTHS 
This report shatters a commonly held myth among critics of the Kyoto Protocol that developing countries are not 
taking meaningful action to reduce greenhouse gases.   
 
Working closely with policymakers and researchers both within and outside the governments of Brazil, China and 
India, the Center for Clean Air Policy (CCAP) has led an analysis of the costs and implications of policies to reduce 
GHG emissions. Greenhouse Gas Mitigation In Brazil, China and India: Scenarios And Opportunities Through 
2025 presents the results of that analysis. It reveals that Brazil and China have adopted “unilateral actions” since 
2000 that have already reduced emissions and are expected to reduce emissions through 2020 in those nations below 
projected levels.  Reductions in Brazil and China alone in 2010, if fully implemented, are projected to be greater 
than those to be achieved by the United States’ voluntary carbon intensity reduction goal.1 India is projected to 
achieve emissions reductions by 2020 in the transportation and iron and steel sectors below “business as usual” 
levels, but these reductions are projected to be offset principally by emissions increases in the electricity sector.   
 
Most of these reductions in the three nations have been financed domestically, independent of the Kyoto Protocol’s 
Clean Development Mechanism (CDM) under which developing countries can sell emission reductions achieved 
from approved projects to developed nations.   While questions remain about how effective implementation of these 
new policies will be in each country, they nonetheless demonstrate the broad scope of policies that reduce 
greenhouse gases underway in key developing countries. 
 
This revelation of unilateral action supports arguments for setting more challenging emissions reduction goals for 
developed countries, as it should help to allay concerns about the non-participation of developing countries in 
carbon reduction.  China in particular has focused an important portion of its environmental effort in internationally 
competitive industries including iron and steel, cement, pulp and paper.  This undercuts, to a degree, the argument 
that industries facing international competition will shift production to China and other developing countries from 
developed nations to avoid the costs of carbon reductions.  
 
FUTURE CLIMATE POLICY OPPORTUNITIES 
The study also details an array of additional cost-effective emission reductions that these three leading developing 
nations could pursue in the future --  unilaterally, under the CDM or a new international policy structure.   Projected 
aggregate emissions reductions that could be achieved in the electricity, cement, transportation, paper, and steel 
industries in these nations range from 17 to 29 percent below business as usual levels in 2020. Modeling conducted 
for CCAP by Ecofys Consulting2 suggests that this level of reduction by Brazil, China and India, coupled with major 
reductions in developed countries, a significant effort by the United States and comparable efforts by major 
developing countries, would keep the world on track to stabilize global carbon dioxide concentrations at 450 ppm. 
Also, it would keep open the possibility of achieving the European Union’s goal of holding global average 
temperature increases due to climate change to 2 degrees Centigrade.3 
 
 
The study suggests there is an unprecedented opportunity for future international climate policy to:  

• Recognize and encourage “unilateral actions” by developing countries 

                                                           
1 This study estimates that Brazil and China are projected to achieve more than 210 million metric tons of CO2 reduction in 2010 
from existing unilateral policies while the U.S. voluntary target is slated to achieve 183 million metric tons of CO2-equivalent 
reduction/year on average over the life of the voluntary program according to the U.S. Administration.  Brazil and China were 
responsible for 17% of global anthropogenic greenhouse gas emissions in 1990 (not including emissions from deforestation) 
while the U.S. was responsible for 25% in 1990.  
2 Details on this analysis are in: Schmidt et al. (2006), available at 
http://www.ccap.org/international/Sector%20Straw%20Proposal%20-
%20FINAL%20for%20FAD%20Working%20Paper%20%7E%208%2025%2006.pdf.  
3 Stabilizing emissions at 450ppm CO2 is roughly equivalent to stabilizing emissions at 500 ppm CO2 equivalent.  Source: den 
Elzen and Meinshausen (2005), Meeting the EU 2°C climate target: global and regional emission implications 
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• Provide incentives for more expensive emissions reduction opportunities that are not likely to be pursued 
unilaterally by developing countries, and 

• Establish a global policy structure coupling needed incentives for developing country action with tough 
emission reduction goals for developed nations that will be sufficient to protect the climate. 

 
BACKGROUND 
At the annual UNFCCC meeting in Montreal in November 2005, Parties agreed to begin formal discussions under 
both the Kyoto Protocol and UNFCCC on the future international climate policy structure for the post-2012 period. 
One of the key elements of this discussion will be what role developing countries will play in the international 
response to climate change.  In many developing countries, discussions about concrete policy steps to reduce 
greenhouse gas (GHG) emissions are already underway, often motivated by concerns about energy security, air 
quality, and economic development.  This report is intended as a contribution to that ongoing dialogue. 
 
Greenhouse Gas Mitigation In Brazil, China and India: Scenarios And Opportunities Through 2025, summarizes 
the results of the first phase of the CCAP’s “Developing Country Project.” A key goal of the project is to 
strengthen the capacity of developing countries to take action to reduce greenhouse gases and to prepare for and 
participate in negotiations on the future structure of climate policy under the UNFCCC and the Kyoto Protocol.  The 
project also will assist developing countries by identifying specific “win-win” opportunities where they can reap 
substantial economic and other development-related benefits through cost-effective actions that will also reduce 
GHG emissions. 
 
Since the inception of the Developing Country Project in February 2005, CCAP has worked with in-country teams 
in Brazil, China, India and Mexico to identify technologies and approaches that are feasible and cost-effective in 
reducing GHG emissions and in providing co-benefits (e.g., air quality and energy security).4  By engaging in-
country teams, key government officials and stakeholders, CCAP is building each nation’s capacity to continue this 
type of analysis following the end of the project. The partners in the research are: the Center for Integrated Studies 
on Climate Change and the Environment (Centro Clima) at the Federal University of Rio de Janeiro and several 
independent researchers in Brazil; The Institute for Environmental Systems Analysis at Tsinghua University of 
China; The Energy and Resources Institute (TERI) of India; and the Centro Mario Molina of Mexico. 
 
This report—and the companion reports prepared by the teams in each country—evaluate the emissions trends and 
reduction opportunities in key sectors of the economies of these countries, and suggest some preliminary insights on 
politically practical domestic and international approaches for achieving these reductions.  The next phase of the 
research will study in more detail the barriers to the introduction of the most promising emission reduction options 
identified in Phase I and will suggest domestic and international implementation strategies.  
 
KEY RESULTS 
a) Emissions Are Projected To Grow In Brazil, China, And India 

Emissions of greenhouse gases in these countries are projected to more than double from 2000 levels in the 
electricity, industrial, transportation, and residential and commercial sectors5 over the next two decades due to 
increases in population, economic activity, and urbanization.   

b) Unilateral Efforts Undertaken Since 2000 Will Slow This Trend 
If fully implemented, government policies and programs adopted since 2000 in China and Brazil will slow this 
projected growth in GHG emissions and reduce emissions by seven and 14 percent below projected levels, 
respectively.  In India, overall emissions are expected to increase slightly on a net basis as a result of new 
policies. 

  
Specific actions undertaken by these countries include: 
• China’s Renewable Energy Law and the Tenth Five-Year Plan are expected to reduce electricity sector 

emissions by five percent below BAU levels—a reduction equivalent to shutting down more than 20 large 
coal-fired Chinese power plants—in 2020. 

• China’s Medium and Long Term Energy Conservation Plan is estimated to reduce cement sector emissions 
by 15 percent below BAU levels in 2020—a reduction equivalent to shutting down half of the shaft kiln 

                                                           
4 The analysis in Mexico began nine months later than the other three countries, and will be completed in 2007. 
5 Emissions data for China do not include residential and commercial numbers. 
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cement facilities that existed in China in 2000. This Plan also is estimated to reduce iron and steel sector 
emissions by nine percent below BAU levels in 2020—a reduction equivalent to shutting down 
approximately 750 existing iron and steel facilities. 

• China’s fuel efficiency standards for passenger cars, SUVs, and multi-purpose vans are estimated to reduce 
transportation sector emissions by five percent below BAU levels in 2020.  

• Brazil’s Program for Incentive of Alternative Electric Energy Sources (PROINFA) is estimated to reduce 
electricity sector emissions by 14 percent below BAU levels—a reduction equivalent to closing 42 percent 
of Brazil’s current oil-fired electricity generation—in 2020. 

• Brazil’s ethanol program, which has led to the development of flex fuel vehicles and cost competitive 
ethanol, is estimated to reduce transportation emissions by 18 percent below BAU levels in 2020—a 
reduction equivalent to almost 1.5 times the total emissions from light-duty vehicles in 2000. 

• India’s transportation policies are estimated to reduce transportation sector emissions by up to 15 percent 
below BAU levels—a reduction equivalent to the sector’s emissions in 2000—in 2020. 

• India’s Electricity Act 2003 is estimated to increase electricity sector emissions by 12 percent above BAU 
in 2020 due to expanded electricity generation, driven in part by increased electricity access.  

 
c) These Actions Have Been Taken Principally For Reasons Other Than Climate-Related Considerations And In 

Some Cases At Real Net Economic Cost: 
• China’s actions taken in the electricity and iron and steel sectors were aimed to increase reliability of the 

power network, enhance economic productivity and competitiveness, and improve air and water quality.  
Many of the renewable opportunities in China are estimated to cost more than $10 per metric ton, and a 
number of the mitigation options in the iron and steel sector being pursued today are priced in the $5 to $10 
per ton range. 

• The Chinese vehicle standards and the Brazilian ethanol and flex fuel vehicle programs primarily have been 
driven by the goal of reducing the use of imported oil.   

• Brazil’s flex fuel vehicle program is estimated to achieve its reductions at greater than $30 per ton, yet has 
been pursued aggressively.  

 
d) Many Of The Emissions Reductions Achieved Through These Policies Are Not Being Developed As Clean 

Development Mechanism (CDM) Projects And Thus Represent These Countries’ “Contribution To The 
Protection Of The Atmosphere”:  
• China currently has around 14 MMTCO2 per year in the CDM pipeline from hydro and wind generation 

projects—and around 5 MMTCO2 in industrial energy efficiency projects—both of which are significantly 
below the level of reductions estimated to be achieved as a result of China’s post-2000 policy initiatives. 

• China’s vehicle efficiency standard and Brazil’s flex-fuel vehicles are not being developed into CDM 
projects. 

• While India only has one transportation CDM project in the pipeline, it does have a number of industrial 
energy efficiency and carbon reduction projects pending approval as CDM projects. 

 
e) Opportunities Exist To Make Significant Additional Emission Reductions To Help Slow The Rapid Increase In 

GHG Emissions Projected In These Countries  
• On an aggregate basis, the study projects cost-effective reductions (below $10/ton CO2) of four percent in 

India, four percent in Brazil and 10 percent in China below BAU levels in 2020 totaling more than 625 
million tons of CO2 per year – the equivalent of avoiding the construction of more than 150 coal-fired 
power plants.6  

• In China, major potential targets include nearly 200 million tons of CO2 reductions in each of the transport 
and cement sectors 

• In India and Brazil, transport, cement and electricity options stand out as top targets for further cost-
effective action.  

• This year, China also has adopted several new policies (thus beyond the scope of this study) that promise to 
produce significant additional reductions: 

 Eleventh Five Year Plan requires the 1000 highest energy-consuming enterprises to install equipment 
to attain a 20 percent efficiency improvement by 2010. 

                                                           
6 These aggregate estimates include both reductions due to existing policies and reductions due to potential new measures. 
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 Vehicle excise taxes are now based on vehicle engine size and have increased significantly (e.g., the 
SUV tax has quadrupled to about $8,000 per vehicle). 

 The National Development and Reform Commission has set new goals for the cement industry: 
increase the share of cement produced by dry kilns from 40 to 70 percent, close more than 250 million 
tons of inefficient capacity and reduce energy intensity 15 percent by 2010.    

 
f) If China, Brazil And India Chose To Make The Reductions Outlined In This Study By 2020, Their Efforts, 

Coupled With Other Countries’ Efforts, Could Be Sufficient To Stay On Track To Stabilize Global 
Atmospheric Carbon Dioxide Concentrations At 450 ppm.   
To meet this concentration goal, other nations would need to make reductions along the lines of: 
• EU and other developed nations cutting their emissions to 30 percent below 1990 levels by 2020 
• The U.S. cutting its emissions to 1990 levels by 2020, and 
• The other major developing countries making efforts similar to China, India and Brazil. 

 
This proposed combination of emission reductions is simply illustrative.  Any combination of reductions from 
developed and developing nations that achieves the same aggregate reduction can keep the achievement of a 
450 ppm global atmospheric carbon dioxide concentration in play.  Even given the huge projected growth in 
emissions in these three developing countries through 2020, the key point here is that the potential, largely cost-
effective reductions identified in this study are significant – their achievement would mark important progress 
toward achieving the goal of limiting global increases in temperature to 2 degrees Centigrade. 

 
 
ROLE OF INTERNATIONAL POLICY  
A future international policy that recognizes and encourages further “unilateral actions” is needed.  Countries could 
be encouraged to “pledge” GHG policies and reductions. The future international policy also needs to provide 
incentives for action to implement the more expensive emissions reductions options available in these countries. 
These options could benefit from financial support, technology development and transfer assistance, and capacity 
building. A variety of international policy options under discussion for developing countries could achieve this, 
including: voluntary pledges to take action on sustainable development policies and measures (SD-PAMs), pledges 
to achieve no-lose sector-based intensity levels with countries able to sell reductions achieved in excess of these 
targets, and new sectoral approaches to the CDM which could encourage greater unilateral emission reductions.7  
 

                                                           
7 See CCAP paper, “Sector-based Approach to the Post-2012 Climate Change Policy Architecture”, August 2006. 
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I. Introduction  
 
At the annual United Nations Framework Convention on Climate Change (UNFCCC) meeting in 
Montreal in November 2005, Parties agreed to begin formal discussions under both the Kyoto 
Protocol and UNFCCC on the future international climate policy structure for the post-2012 
period.  A key element of this discussion will be what role developing countries will undertake in 
the international response to climate change.  In many developing countries, discussions about, 
as well as concrete policy steps to, reducing greenhouse gas (GHG) emissions are already being 
undertaken, often out of concern over such issues as energy security, air quality, and economic 
development.  This report (described in more detail below) is intended as a contribution to this 
ongoing dialogue. 
 

I.A Description and purpose of project 
In February 2005, with financial support from the United Kingdom’s Department for 
International Development (DFID), the Tinker Foundation, and the Hewlett Foundation, the 
Center for Clean Air Policy (CCAP) and leading partner organizations in four key developing 
countries (Brazil, China, India, and Mexico) launched the Assisting Developing Country 
Climate Negotiators through Analysis and Dialogue project.  For this ongoing project, this team 
is working in concert to develop a comprehensive analysis of greenhouse gas (GHG) projections 
and potential mitigation options, costs, co-benefits, and implementation policies in these four 
countries.  The project represents an important step in the discussions on the post-2012 
international response to climate change, by providing concrete analysis and results to help both 
the internal deliberations in these four countries and the international community.  This project 
has two phases, briefly described later in this section. 
 
The in-country partners in this project consist of: 

• A multi-disciplinary team from Brazil that cooperated on the recent Brazilian National 
Communication, including Haroldo Machado Filho, Special Adviser of the General 
Coordination on Global Climate Change at the Ministry of Science and Technology, 
Emilio Lèbre La Rovere, leading the team of the Center for Integrated Studies on Climate 
Change and the Environment (Centro Clima) at the Institute for Research and 
Postgraduate Studies of Engineering at the Federal University of Rio de Janeiro 
(COPPE/UFRJ), Thelma Krug of the InterAmerican Institute for Global Change 
Research, and Magda Aparecida de Lima, Luiz Gustavo Barioni, and Geraldo Martha of 
the Brazilian Agricultural Research Institute (Embrapa); 

• A team from the Institute for Environmental Systems Analysis within the Department of 
Environmental Science and Engineering at Tsinghua University of China; 

• The Energy and Resources Institute (TERI) of India; and 
• The Centro Mario Molina of Mexico. 

 
The results of Phase I have been presented in a series of reports.  The reports for Brazil, China 
and India will be released in November 2006.  The report for Mexico will be released in 2007.  
This integrated report presents the results of Phase I (GHG Mitigation Option and Cost Analysis) 
of the project analysis for Brazil, China and India, completed in June 2006.   
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I.A.1 Phase I: GHG Mitigation Option and Cost Analysis 
In Phase I of this project, the teams conducted individual GHG emission mitigation analyses for 
major economic sectors.  The sectors analyzed were electricity; cement; iron and steel; pulp and 
paper; transportation; commercial; residential; agriculture; and forestry.  Specifically, each 
country analysis included the following elements.   
 
• Development of a current overview of each economic sector, including annual number of 

units and production capacity, production, fuel consumption, GHG emissions, energy 
intensity, and GHG emissions intensity.8 

• Development of long-term (through the year 2025 or 2030) individual GHG emission 
projections under several baseline scenarios for each economic sector.  This includes annual 
scenarios of production, fuel consumption, GHG emissions, energy intensity, and GHG 
emissions intensity.9 

• Development of detailed marginal abatement cost curves for key technologies and 
mitigation approaches in each sector.  This includes the total GHG emissions reduction 
potential and cost (per metric ton GHG reduced) for 2010, 2015 and 2020. 

• Evaluation of the impact of implementation of select packages of GHG mitigation options.  
The results to be provided include the annual changes (through 2030) in energy consumption 
and intensity, GHG consumption and intensity, total costs and production costs, as well as 
co-benefits. 

• Assessment of economy-wide cost and economic impacts of mitigation packages on 
parameters such as GDP, employment, consumer prices, structure of the economy, and 
distribution, using macroeconomic models and optimization frameworks that incorporate the 
detailed cost and GHG emission reduction potential data for key technologies. 

• Preliminary analysis of potential domestic policies for implementation of each mitigation 
option, including the domestic legal and regulatory framework, 
political/economic/technical/legal barriers to implementation, potential key actors and 
institutions involved, and potential funding approaches. 

• Evaluation of potential international policy options and the implications of the results for 
each economic sector for specific international approaches. 

 
The GHG mitigation analysis was conducted using country-specific scenarios for annual 
population and gross domestic product (GDP).  The teams developed two alternative GHG 
reference case scenarios for each sector, partly based on the A2 and B2 scenarios in the 
Intergovernmental Panel on Climate Change (IPCC) Special Report on Emissions Scenarios 
(SRES).  The A2 and B2 scenarios were chosen because the teams felt that these represented 
divergent scenarios that each had a reasonable probability of representing the future reality.  The 
A2 scenario is characterized by relatively lower trade flows, slow capital stock turnover, and 
slower rates of technological change; the B2 world is characterized by comparatively greater 
concern for environmental and social sustainability.10  These two IPCC SRES scenarios were 

                                                           
8 In most sectors, this project considered emissions of carbon dioxide only.  In the agricultural sector, methane 
emissions were also considered. 
9 In this report, all emissions and industrial production/output values are expressed in metric tons. 
10 IPCC Special Report on Emissions Scenarios, Chapter 4, “An Overview of Scenarios.”  Available at 
http://www.grida.no/climate/ipcc/emission.   
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adapted specifically to each country (in this integrated report, we refer only to the B2 scenario 
data). 
 
It was also desired to develop scenarios that would display the impact of policies and measures 
undertaken in the past five years; these may include national energy and other policies, as well as 
projects undertaken as part of the Clean Development Mechanism (CDM) of the Kyoto Protocol.  
Accordingly, each of the two baseline scenarios was further divided into a scenario assuming 
implementation of only those policies and projects announced prior to 2000—“Pre-2000 Policy” 
scenario—and another scenario with implementation of all policies announced before 2006—
“Recent Policy” scenario.  Both scenarios begin in 2000.  A scenario was then developed that 
assumes implementation of select packages of GHG mitigation options in years after 2005—
called the “Advanced Options” scenario.  Where appropriate, each country analysis conducted 
up to four variations of the Advanced Options scenario, based on the potential cost effectiveness 
(measured in $/metric ton CO2e reduced) of the mitigation measures analyzed.  The first three 
Advanced Options scenarios assumed implementation of all measures costing, respectively, <$0 
per metric ton, <$5/metric ton, and <$10/metric ton.  The fourth scenario was the most 
aggressive and considered all feasible (in the team’s judgment) mitigation options.  
 
It should be noted that the Advanced Options scenarios assume implementation of both the 
actions already taken under the Recent Policy scenario and the select additional mitigation 
options.  Therefore, a portion of the additional reductions claimed for the Advanced Options 
scenarios (as compared to the Pre-2000 Policy scenario) in some sectors will be the result of 
unilateral actions already undertaken.  When comparing and interpreting Recent Policy 
reductions to the reductions obtained through additional mitigation measures in the Advanced 
Options scenario, it should therefore be kept in mind that the reductions are not additive. 
 
An important component of this project is an ongoing series of consultations, meetings and 
workshops to ensure the involvement of key governmental, industry and non-governmental 
officials and institutions in each country.  Regular contact with policymakers provides a direct 
link to the government and policy process in each country, and has helped to ensure a realistic 
analysis and the evaluation of the most appropriate set of mitigation options and policies.  At the 
start of the technical analysis, a workshop was held in each country (the Beijing workshop was 
held in July 2005, the Brasilia and Delhi workshops in August) to obtain feedback and guidance 
from government policymakers and other stakeholders.  This information was incorporated into 
the analysis.  In March 2006 in Beijing and Delhi and in April in Brasilia, another series of 
workshops were held where the results were presented to a large group of government officials 
and representatives from industry, universities, think tanks, and non-governmental organizations.  
The stakeholders also provided significant input and guidance regarding the mitigation options 
and policies to be analyzed for Phase II of the project (see below). 
 
An additional important foundation of the project is that it links directly with international 
climate change negotiators through CCAP’s Dialogue on Future International Actions to 
Address Global Climate Change—the Future Actions Dialogue or FAD (Box 1)—the leading 
international dialogue on climate policy over the last five years.  Preliminary results of this 
project have been presented at various FAD meetings, and final results will be presented at future 
meetings of the group to help shape and inform these deliberations.   
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Box 1. Dialogue on Future International Actions to Address Global Climate Change 
The Future Actions Dialogue brings together key senior negotiators from 15 developing and 15 Annex I countries 
several times each year to discuss options for a future international response to climate change.  This project 
includes six components: 
(1) a series of joint dialogue meetings among high-level negotiators from developed and developing country Parties 

and select company representatives;  
(2) a series of dialogue meetings, back to back with joint dialogue meetings, for only developing country 

negotiators, to build capacity, develop policies that countries can implement to meet both climate and national 
sustainable development goals, and facilitate an exchange of ideas that will lead to more fruitful discussions 
with industrialized countries; 

(3) regional workshops to broaden the network of countries and individuals that understand and contribute to the 
design of post-2012 options; 

(4) in-depth analysis to identify, elaborate, and test options for designing climate change mitigation actions by 
industrialized and developing countries; 

(5) working groups of interested Dialogue participants to explore issues in-depth between meetings; and  
(6) production of FAD working papers and a final compendium that presents the comprehensive analytical findings 

and policy recommendations developed throughout the project. 
 
For more information on the process, including presentations and papers from the meetings, see: 
www.ccap.org/international/future.htm  
 

I.A.2 Phase II: Policy and Implementation Strategy 
In the next phase of the project, to be conducted from mid-2006 through 2007, CCAP and its in-
country partners will build upon the work and policy connections developed during Phase I.  In 
consultation with in-county policymakers, CCAP and its partners will select a number of the 
most promising options for GHG mitigation and conduct a more detailed and in-depth analysis of 
issues associated with implementation.  This will include an evaluation of the implications of 
specific international climate change policy options for GHG mitigation in these four countries; 
development of a suite of potential policies and approaches for implementation of each option; 
and comprehensive and in-depth analysis of the key actors, barriers and co-benefits associated 
with each.  Phase II will include a series of workshops in each country to obtain the views of and 
share results with domestic policymakers and stakeholders.  It will culminate in two international 
workshops, one in Latin America and one in Asia, to disseminate the results of the project to a 
wider regional audience and expand its policy relevance by allowing other countries to gain from 
the experience of this project.  The results of Phase II for each country will also be available in a 
set of individual reports.   
 

I.B Report Structure 
This report summarizes the Phase I results for all three countries, based on the individual country 
reports.  It begins in Chapter 2 with an overview of the three countries in the analysis, including 
population and economic statistics and profiles of their GHG emissions.  Chapter 3 presents the 
results of the GHG mitigation option and cost analysis for the individual sectors.  This is 
followed in Chapter 4 with a discussion of the prominent international options for GHG 
regulation currently under consideration and a look at the implications of the Phase I results with 
respect to each.  The report concludes with a discussion of the impact of recent domestic policies 
in these countries on GHG emissions, and the potential role of international climate policy 
options in the post-2012 period in encouraging further implementation. 
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II. Background on Countries and Sectors 

II.A Population and Economy 
 
In 2000, China’s population was about 1.26 billion, accounting for more than a fifth of the world 
population.  India’s population was slightly less, at about 1 billion, and Brazil’s population was 
around 170 million.  Together, the population of these three countries was about 2.45 billion, 
accounting for about 40% of the world’s population.  In comparison, the China, India, and Brazil 
economies combined accounted for less than 7% of the world economy.  The Chinese economy 
was the largest among the three, followed by Brazil, then India (see Table 2.1).  
 

Table 2.1. Population and gross domestic product of China, India, and Brazil in 2000. 
Population GDP GDP per capita 

 Countries 
Billion % World Trillion US$ % World US$ Relative % to World 

China 1.26 21% 1.1 3% 856 16% 
India 1.02 17% 0.5 2% 450 9% 
Brazil 0.17 3% 0.6 2% 3,538 68% 
3 Total  2.45 40% 2.2 7%   
WORLD 6.05 100% 31.6 100% 5,217 100% 
Source: World Development Indicator 2005 (World Bank, 2005) 

 
In China, the industry11 sector, mostly manufacturing, accounted for half of the value-added of 
the Chinese economy in 2000.  In comparison, the service12 sector accounted for the largest share 
of the Indian and Brazilian economies, followed by the industry sector.  The global shares of 
these sectors from the three countries were 8% for industry and 6% for services. Agriculture,13 
although accounting for a smaller share of the national economy in each of these countries, made 
up a much larger global share.   
 

II.B GHG emissions 
In 2000, global GHG emissions, including those due to land use change and forestry (LUCF), 
were estimated to have been 40,017 MMTCO2e (Schmidt et al. 2006a), 77% of which (30,971 
MMT) consisted of carbon dioxide.  This infers world-wide average GHG emissions levels of 
6.61 MTCO2e per capita and 1.27 kg CO2e per dollar of GDP. 
 

                                                           
11 Industry includes mining, manufacturing, construction, electricity, water and gas (World Bank, 2005). 
12 Services include wholesale and retail trade (including hotels and restaurants), transport, and government, 
financial, professional, and personal services, such as education, health care, and real estate services (World Bank, 
2005). 
13 Agriculture includes forestry, hunting, and fishing, as well as cultivation of crops and livestock production (World 
Bank, 2005). 
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II.B.1 China 
Among non-Annex I countries included in this report, China is the largest emitter of GHGs.14  
The People’s Republic of China Initial National Communication on Climate Change reports that 
China’s GHG emissions in 1994 were 3,650 MMTCO2e, 73% from CO2.  With a population of 
nearly 1.2 billion, per capita emissions were 3.0 MTCO2e in that year, less than half the global 
average.  Thus, although large in absolute terms, China’s per capita emissions continue to be 
low.  In 2000, China accounted for about one-seventh of the global and less than one-third of the 
non-Annex I country GHG emissions.  CO2 emissions in 2000 were estimated at 3,090 million 
metric tons CO2 (MMTCO2), in large part contributed by the electricity sector. 
 
On a sectoral basis, electricity generation in China accounts for about 40% of national CO2 
emissions, as well as 15% of global and 40% of the non-Annex I electricity sector emissions.  
China’s industrial sectors, most notably cement and iron & steel, are also significant emitters and 
account for major shares of sectoral GHG emissions globally.  In 2000, the Chinese cement 
sector (including electricity use) accounted for one-fifth of domestic CO2 emissions and 
contributed 36% of global and 56% of non-Annex I cement sector emissions; the 10% of 
national CO2 emissions from China’s iron & steel sector accounted for 30% of global and almost 
two-thirds of non-Annex I emissions in that sector. 
 

II.B.2 India 
In India, the most recent official emissions data are for 1994.  In that year, total GHG emissions 
were 1,229 MMTCO2e (1,205 MMTCO2e if LUCF emissions are included), about 65% from 
CO2.  Energy use accounted for 61% of the total national greenhouse gas emissions and 86% of 
the CO2 released.  Of the remainder, 28% of GHGs were produced by agriculture, 8% resulted 
from industrial processes, 2% were emitted by waste, and the final 1% originated in land use 
change and forestry (LUCF).  Fuel combustion therefore accounted for three-fifths of total GHG 
emissions.  It should also be noted that, on a per capita basis, India’s GHG emissions are 
relatively low.   
 
In 2000, India’s CO2 emissions were 925 MMT, excluding LUCF, with more than 45% of these 
emissions originating in the electricity sector.  Other significant contributors were transportation 
(10%), cement production (7%), iron and steel manufacturing (7%), and the residential sector 
(5%). 
 

II.B.3 Brazil 
Brazil chose not to aggregate all of its GHG emissions in its Initial National Communication to 
the UNFCCC and instead reported emissions for each gas separately.  The Communication 
estimated that CO2 emissions in Brazil in 1994 totaled 1,030 million metric tons.  According to 
estimates,15 Brazil’s GHG emissions in 2000 totaled 2,200 MMTCO2e, accounting for 6% of the 
global GHG emissions and 10% of the non-Annex I country emissions.  Unlike most developing 
countries, Brazil’s electricity sector accounts for only 1% of the national emissions because 
                                                           
14 Includes CO2 and other greenhouse gases. 
15 This section presents estimates for the year 2000, since official data for that year have not yet been made available 
by the Brazilian government, which is still elaborating its second national communication to the UNFCCC.  Thus, 
any comparison to the rest of the world also represents an estimate. 
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hydroelectric power is responsible for approximately 87% of the total national electricity 
production.  On the other hand, major industrial sectors in Brazil accounted for relatively large 
shares of the sectoral emissions from developing countries and the world.  Most notably, 
aluminum production accounted for 5% of global emissions and 16% of developing country 
emissions in that sector.  The corresponding estimates for pulp and paper were 2.6% and 10%, 
respectively.  In 1994, the LUCF sector was the largest contributor of CO2 emissions, accounting 
for 75% of Brazil’s total national emissions, according to data reported in Brazil’s Initial 
National Communication to the UNFCCC.  In the same year, the agriculture sector was 
responsible for 77% of CH4 emissions in the country, followed by the LUCF sector with 14% of 
CH4 emissions. Although there is no comparable data available for the year 2000, it is estimated 
that these trends were maintained through that year.  Importantly, in Brazil, per capita emissions 
are significantly below the world average. 
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Figure 2.1  1994 National Emissions in Brazil, India and China 
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III. Sector Analysis 
In this report, it should be noted that the industrial sector analysis considers CO2 emissions from 
direct combustion of fossil fuels and industrial processes only.  CO2 emissions from electricity 
and transportation are separate and accounted for as specific sectors. 

III.A Electricity  
The electricity sector is one of the most important sectors from an environmental perspective.  In 
many developing countries, electricity generation accounts for a major share of fuel consumption 
and GHG emissions; in China and India, for example, electricity generation accounted for more 
than one-quarter of total national GHG emissions in both countries in 2000.  In addition, the 
electricity sector has several characteristics that can facilitate its regulation for environmental 
purposes.  One key issue is that zero- or low-cost options (e.g., energy efficiency, cogeneration, 
advanced coal technologies) for reducing emissions from electric power plants exist in many 
countries.  In addition, exports (and imports) of power do not typically account for a large share 
of total national generation (or demand).  The risk of emissions leakage or impacts on domestic 
production (e.g., from a rise in imports of lower cost power due to increased domestic electricity 
prices) may thus be lower than in manufacturing sectors such as cement and iron and steel.  Data 
may also be easier to collect due to the limited number of major emission sources. 
 
Power plants fired by fossil fuels typically account for most electricity generation.  In China and 
India, coal is the predominant source of electric power, and therefore, emissions.  In 2000, 
China’s 213 GW of coal-fired capacity accounted for 70% of total capacity and 76% of total 
generation.16  The corresponding numbers for India’s 69 GW of coal-fired capacity were 63% 
and 71%, respectively.  Hydro capacity is also significant in these countries, accounting for 18% 
of generation in China and 13% in India.  The structure of the Brazilian power sector is quite 
different from these and other countries, however.  Hydro power remains the predominant 
electricity source: in 2002, hydro accounted for 90% (84 GW) of Brazil’s total 94 GW capacity 
and 70% of total generation.  Nuclear power accounted for 10% of generation, with most of the 
remainder from fossil fuels.  Natural gas-fired generation accounted for 8% in Brazil, compared 
to 10% in India and only 2% in China.  Brazil’s electricity sector is therefore relatively low-
emitting and clean.  GHG regulation in this sector may therefore be more promising in China and 
India, where the large share of coal would present opportunities for achieving significant 
reductions. 
 

III.A.1 Baselines 
This section discusses the projected production (generation), CO2 emissions, and CO2 emissions 
intensity for the sector. 
 

III.A.1.i Generation 
For both the Pre-2000 Policy and Current Policy baselines, electricity generation in China is 
projected to increase from 1,369 TWh in 2000 to 4,046 TWh in 2020 and 5,664 TWh in 2025, a 

                                                           
16 Background data in this and other sectors is based on published historical data and may therefore differ from data 
presented later in this section or in the Appendix, which has been taken from the analytical model results. 
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threefold and fourfold increase, respectively.  In India, under the Pre-2000 Policy scenario, 
electricity generation will rise from 560 TWh in 2000 to a projected 1,870 TWh (a more than 
threefold increase) in 2020 and to 2,600 TWh in 2025. 17  Generation is greater under the Recent 
Policy scenario (1990 TWh in 2020 and 2760 TWh in 2025) because, in 2003, the Government 
of India announced a goal of providing electricity to all households by 2012 under its National 
Electricity Policy.  In addition, the Electricity Act 2003 began the deregulation of India’s 
electricity sector, which will also impact the emissions trend (potentially by encouraging cleaner 
generation sources) by introducing competition in the generation market, eliminating license 
requirements and allowing captive and distributed 
generation. 
 
In Brazil, generation is projected to increase from 
343 TWh in 2000 to almost 800 TWh in 2025 
(130% higher) under the Pre-2000 Policy scenario.  
In the Recent Policy scenario, generation rises by 
only 110% from 2000 to 2025 (to 722 TWh) due to 
an increase in power imports18 resulting from the 
introduction of the Program for Incentive of 
Alternative Electric Energy Sources (PROINFA), a 
national incentive program created by the 
government in 2002 to promote renewables.  In its 
first phase, PROINFA will promote implementation 
of 3.3 GW of power from wind, biomass and small 
hydro units. 
 

III.A.1.ii CO2 Emissions 
Under the Pre-2000 Policy scenario, China’s CO2 emissions rise by 250% above 2000 levels, 
from 1,199 MMTCO2 to 3,102 MMTCO2 in 2020 and 4,206 MMTCO2 in 2025.  In the Recent 
Policy scenario, emissions increase to only 4,031 MMTCO2 in the latter year at 5% below the 
BAU level under the Pre-2000 Policy scenario, which is equivalent to shutting down more than 
20 large coal-fired Chinese power plants.19  This slower rate of increase is due to a combination 
of factors, including increased use of renewable energy encouraged by the Renewable energy 
Law and renewables feed-in program, as well as improved efficiency of generation and 
development of nuclear and renewable power under the Tenth Five-Year Plan.. 
 
                                                           
17 Note that, for all sectors, the original analysis for India was conducted for every five years from 2001 though 
2031, as these years were deemed most appropriate and useful for domestic consideration.  For this report, a linear 
interpolation or extrapolation of the data was therefore conducted to estimate results for 2000, 2020, etc.  The 
original data is presented in Appendix A. 
18 In the Brazil analysis, electricity demand in any given year was assumed to remain the same in all scenarios, but 
the shares of domestic and imported power are allowed to vary.  In the Recent Policy scenario, increased generation 
from renewables leads to an increase in power imports from neighboring countries, causing domestic generation to 
fall.  A similar effect is also observed in the mitigation analysis (Advanced Options scenarios).  Emissions from 
imported power were not accounted for, but since imports are primarily hydropower, the associated emissions are 
expected to be small.  
19 China’s 20 coal-fired power plants with generation capacity of 600 MW or above emitted 113.9 MMTCO2 in 
2000 (Tsinghua University of China, 2006). 
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In India, under the Pre-2000 Policy scenario, CO2 emissions from electric power generation rise 
from about 420 MMTCO2 in 2000 to 950 MMTCO2 in 2020 and 1,530 MMTCO2 in 2025.  In 
the Recent Policy scenario, emissions increase to 1,060 MMTCO2 and 1,700 MMTCO2 in 2020 
and 2025, respectively, due to the expansion of electricity generation planned under the 
Electricity Act 2003.  As a result, Indian electricity sector emissions are estimated to increase by 
110 MMTCO2, a 12% increase above BAU under the Pre-2000 Policy scenario.  
 
In Brazil, CO2 emissions increase from 23 MMTCO2 in 2000 to 38 MMTCO2 and 40 MMTCO2 
in 2020 and 2025, respectively, under the Pre-2000 Policy scenario. In the Recent Policy 
scenario, emissions increase to only 33 MMTCO2 and 34 MMTCO2 in 2020 and 2025, 
respectively.  This represents a 14% CO2 reduction from BAU level in 2020, which is equivalent 
to closing 42% of Brazil’s current oil-fired electricity generation.20  The reduction in CO2 
emissions is largely due to the displacement of coal and oil capacity by natural gas and 
renewables.  (PROINFA is expected to produce 10% of the total electricity from renewable 
sources by 2022 in two phases.)   
 
Taken together, the baseline data under the Pre-2000 Policy scenarios indicate that emissions 
will increase significantly in all three countries, on a proportional basis.  China and India’s 
absolute level of GHG emissions from power generation will reach a combined 4,050 MMTCO2 
in 2020, while Brazil’s relatively low level of emissions will continue to remain at a low level 
throughout that period.  However, the Recent Policy baseline results show the significant 
emission reductions expected with the implementation of recently adopted national policies in 
China and Brazil: CO2 emissions in 2020 under the Recent Policy scenarios are about 5% and 
14% lower than BAU in China and Brazil, respectively (see Table 3.1.1). 
 

                                                           
20 In 2000, oil-fired generation was estimated to emit 11.8 MMTCO2 (Centro Clima, 2006). 

0

500

1000

1500

2000

2500

3000

3500

4000

4500

2000 2005 2010 2015 2020 2025
Year

M
M

TC
O

2

China India Brazil

Figure 3.1.2  Electricity Sector CO2 Emissions by 
Country, Pre-2000 Policy Baselines 

0
500

1000
1500
2000
2500
3000
3500
4000
4500

2000 2005 2010 2015 2020 2025
Year

M
M

TC
O

2

Ch ina India Brazil

 
Figure 3.1.3  Electricity Sector CO2 Emissions by 
Country, Recent Policy Baselines 



 

Center for Clean Air Policy page 11 
 

Table 3.1.1  Change in the Electricity Sector Emissions due to Recent Policies in China, India and Brazil 
(MMTCO2) 

Scenario Year  China India Brazil 
2000  1,199 427 23 

Pre-2000 Policy (BAU) Scenario  
2020  3,102 952 38 
2020  2,960 1062 33 
Change from BAU  (142) 110 (5) Recent Policy Scenario 

% Change  -5% +12% -14% 

 

III.A.1.iii CO2 Emissions by Fuel Type 
For the electricity sector analysis, the CO2 emissions were also projected by fuel type.  In China, 
coal is projected to account for over 97% of the increase in CO2 emissions from 2000 to 2025 in 
both the Pre-2000 Policy and Recent Policy scenarios.  Coal also accounts for over 80% of the 
increase in India over the same period.  In Brazil, coal accounts for a smaller share of this (net) 
increase compared to the other two countries (about 50% in both baseline scenarios).  The 
remainder is accounted for by the sharp increase in natural gas consumption, with natural gas 
emissions overtaking coal in 2015 under the Recent Policy scenario.  Oil-fired capacity and 
emissions are projected to drop dramatically in both baselines. 
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Figure 3.1.6  Electricity Sector CO2 Emissions by 
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Figure 3.1.7  Electricity Sector CO2 Emissions by 
Fuel Type for India, Recent Policy Baseline  
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 Figure 3.1.4  Electricity Sector CO2 Emissions by 
Fuel Type for China, Pre-2000 Policy Baseline 

Figure 3.1.5  Electricity Sector CO2 Emissions by 
Fuel Type for China, Recent Policy Baseline 
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III.A.1.iv CO2 Intensity 
The CO2 intensity in each country is a function of the overall fuel mix used for electricity 
generation.  In both India and China, the CO2 intensity is high due to the dependence on coal.  In 
2000, overall average intensity was 0.88 metric tons CO2 per MWh generated in China, and 
around 0.76 MT/MWh in India.  Brazil’s reliance on hydro power gives the country a very low 
intensity (only 0.07 MT/MWh).  In China, the rising share of natural gas, hydro and nuclear 
power in the fuel mix causes emissions intensity to decline in 2025 to 0.74 in the Pre-2000 
Policy case and to 0.71 in the Recent Policy case.  In both the Pre-2000 Policy and the Recent 

Policy cases emission intensity decreases steadily over the period.  CO2 emissions intensity in 
India declines through 2020 to 0.51 MT/MWh in 2020, but then rises to 0.58 in 2025 (in the 
Recent Policy case intensity falls to only 0.54 in 2020, then rises to 0.61 in 2025).  This is the 
result of a major increase in generation from coal after 2020.  Indian intensity thus falls by about 
one-third in 2020 below 2000 levels.  Brazil’s intensity is projected to fall to about 0.05 
MT/MWh under both scenarios, remaining at a very low level throughout the analysis period. 
 

III.A.1.v CO2 Intensity by Fuel Type 
The CO2 intensity by fuel type depicts the difference of average emissions intensity between 
units of different fuel types.  In 2000, the CO2 intensity of coal-fired power was 1.1 MT/MWh 
generated in China, and 1.0 MT/MWh in India.  In China, the CO2 intensity of coal rises to 1.18 
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 Figure 3.1.8  Electricity Sector CO2 Emissions by 
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Figure 3.1.9  Electricity Sector CO2 Emissions by 
Fuel Type for Brazil, Recent Policy Baseline 
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Figure 3.1.11 Electricity Sector CO2 Emissions 
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and 1.13 MT/MWh in the Pre-2000 Policy scenario and Recent Policy scenario, respectively, in 
2025, while coal intensity in India declines slightly over the same period.  In China, CO2 
intensity of oil increases over time, starting at 0.7 MT/MWh in 2000 and increasing up to around 
0.9 MT/MWh in 2020 in both scenarios. CO2 intensity of gas in China was relatively stable 
around 0.46 MT/MWh.  CO2 intensity of oil-fired power in India was about 0.8 MT/MWh 
throughout the 2000-2025 time period, while CO2 intensity of gas gradually declined from 0.5 
MT/MWh in 2000 to below 0.4 MT/MWh over the same time period.  In Brazil, emissions 
intensity of oil-fired power plants stays constant at 0.9 MT/MWh after 2005. Emissions 
intensities of both coal- and gas-fired power plants are similar to those in China and India. 
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Figure 3.1.16  Electricity Sector CO2 Emissions Intensity 
by Fuel Type for Brazil, Pre-2000 Policy Baseline  

Figure 3.1.17  Electricity Sector CO2 Emissions Intensity 
by Fuel Type for Brazil, Recent Policy Baseline 
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Figure 3.1.14  Electricity Sector CO2 Emissions Intensity 
by Fuel Type for India, Pre-2000 Policy Baseline 

Figure 3.1.15  Electricity Sector CO2 Emissions Intensity 
by Fuel Type for India, Recent Policy Baseline  

0.0

0.2

0.4

0.6

0.8

1.0

1.2

2000 2005 2010 2015 2020 2025

M
T/

M
W

h

Coal Oil Gas

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

2000 2005 2010 2015 2020 2025

M
T/

M
W

h

Coal Oil Gas

Figure 3.1.12  Electricity Sector CO2 Emissions Intensity 
by Fuel Type for China, Pre-2000 Policy Baseline 

Figure 3.1.13  Electricity Sector CO2 Emissions Intensity 
by Fuel Type for China, Recent Policy Baseline 
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III.A.2 Mitigation Options 
The marginal abatement cost curves for measures in the electricity sector for the year 2020 (2021 
for India) are shown below.21  
 
In China, the potential annual reduction for electricity mitigation measures in 2020 has been 
estimated at 449 MMTCO2, over 14% of the baseline emissions in that year.  The least-cost 
options are circulating fluidized bed combustion and demand side management.  A potential 
reduction totaling almost 44 MMTCO2 from these options could be achieved at a net cost 
savings.  An additional 55 MMTCO2 would be available at a cost of less than $10/metric ton. 
 
Table 3.1.2  China Marginal Abatement Cost Curve for 2020 
 

Mitigation Options 

Marginal 
Abatement Cost 

($/metric ton 
CO2e) 

Total Emission 
Reduction 

(MMTCO2e) 

Cumulative 
Emission 
Reduction 

(MMTCO2e) 

CFBC (Circulating Fluidized Bed Combustion) -3.6 5.7 5.7 

Demand Side Management -3.0 38.0 43.7 

Reconstruction of Conventional Thermal Power 5.7 25.1 68.8 

Supercritical Plant 6.0 29.7 98.5 

Nuclear Power 19.2 136.9 235.5 

Hydropower 31.0 171.2 406.6 

Natural Gas 32.7 4.2 410.8 

Wind Power 38.0 7.6 418.4 
IGCC (Integrated Gasification Combined-Cycle ) 
& PFBC (Pressurized Fluidized Bed Combustion) 38.8 14.1 432.5 

CCS (Carbon Capture and Storage) 53.3 5.0 437.5 

Solar Thermal 133.7 11.4 448.9 

 
In the Indian electricity sector, over 200 MMTCO2 of potential reductions were identified for 
2021, which is more than 20% of the total baseline emissions for that year.  A large fraction of 
these reductions could be achieved at a net cost savings from natural gas combined-cycle plants 
and non-emitting (wind and nuclear) options shown below in Table 3.1.3a.  India has estimated 
costs for other advanced coal mitigation options, which are shown in Table 3.1.3b. 
 
Table 3.1.3a  India Marginal Abatement Cost Curve for 2021 

Mitigation Options 
Marginal 

Abatement Cost 
($/metric ton CO2e) 

Total Emission 
Reduction 

(MMTCO2e) 

Cumulative 
Emission 
Reduction 

(MMTCO2e) 
H -Frame Combined Cycle Gas Based Plant 
(60% Efficiency) -20.5 3.2 3.2 

Wind Power Plant -6.2 23.4 26.6 

Nuclear Power Plant -3.6 145.9 172.5 

Small Hydro Plant 6.1 29.1 201.6 

                                                           
21 This discussion does not account for interactive effects between measures.  Actual reductions achieved (and 
reductions presented in the Advanced Options scenarios below) in this and other sectors may therefore differ from 
the totals presented in the tables. 
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Table 3.1.3b  India Marginal Abatement Cost Table for Clean Coal Technologies 

Mitigation Options Marginal Abatement Cost 
($/metric ton CO2e) 

Coal Fluidized Bed Combustion (CFBC) -10.07 

Coal Super Critical -15.42 

Coal Pressurized Bed Combustion -14.18 

Coal Ultra Super Critical -6.43 

 
As would be expected from its low emissions profile, a much lower (about 55 MMTCO2) 
potential reduction has been identified for the Brazilian sector through expansion of the 
PROINFA renewables program.  Nonetheless, these results indicate that Brazil could in theory 
reduce its GHG emissions from electricity to near zero (before accounting for interactive 
effects). 
 
Table 3.1.4  Brazil Marginal Abatement Cost Curve for 2020 

Mitigation Options 
Marginal Abatement 

Cost 
($/metric ton CO2e) 

Total Emission 
Reduction 

(MMTCO2e) 

Cumulative 
Emission Reduction 

(MMTCO2e) 
Small Hydro - 115.7 15.2 15.2 

Sugar-cane bagasse 30.9 19.6 34.8 

Wind power 51.1 19.8 54.6 
 

III.A.3 Mitigation Analysis for 2020 

III.A.3.i GHG reductions 
The figures below present the results of the Advanced Options (mitigation) scenario analysis for 
each country.22 

 
                                                           
22 In the electricity sector and in all other sectors in the report, GHG reductions and other differences for all 
Advanced Option scenario results are compared to Pre-2000 baseline values.  Reductions in Advanced Options 
mitigation analysis will not necessarily match those obtained from marginal abatement cost curves due to interactive 
effects between measures and other factors. 
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Figure 3.1.19  Electricity Sector CO2 Emissions Reductions in 
2020 for the Advanced Options Scenarios in China and India  
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In China, future GHG emission reduction potential in electricity is large in absolute terms, but 
may be achieved at relatively higher cost.  The electricity sector in China has the highest 
potential level of absolute reductions of all sectors analyzed, and accounts for 45% (444 
MMTCO2) of the total reductions analyzed for all sectors.  Combining these with the 
implementation of higher cost measures would produce significantly higher levels of reductions.  
In Advanced Options scenario 3 (all options less than $10 per metric ton) and 4 (All Feasible 
Options), emissions would decline by 69 MMTCO2 (2.2% below the baseline in that year) and 
nearly 450 MMTCO2 (14% below), respectively.  Coal-fired power accounts for nearly all of the 
reductions.  The Indian analysis also indicates significant potential for achieving emission 
reductions from electricity measures.  In comparison with the 2020 baseline projection of 952 
MMTCO2, implementation of all negative cost options would produce a lower emissions level in 
that year (reductions would total 38 MMTCO2, a 4% reduction).  Under scenario 2 (all options 
less than $5 per metric ton) emissions would fall by 61 
MMTCO2, while scenarios 3 and 4 would achieve 
reductions in emissions equal to 81 and 178 MMTCO2, 
respectively.23  The lower levels of emissions result 
from declines in consumption of coal and natural gas. 
 
In Brazil, Advanced Options scenario 1 would entail 
implementation of the single negative cost measure, 
small hydro, and would reduce emissions in 2020 by 
40% (15 MMTCO2).  Adopting all of the mitigation 
options (Advanced Options scenario 4) would decrease 
emissions by about 21 MMTCO2 (with about 9 MMT 
from coal, 10 MMT from natural gas), to a level 55% 
below the 2020 baseline of 38 MMTCO2. 
 
Table 3.1.5 summarizes the emissions impacts of implementing mitigation options as a function 
of cost effectiveness in China, India and Brazil.  Based only upon the mitigation options 
analyzed here, with its high level of coal-fired generation, China has the potential for the greatest 
emissions reduction in 2020 in an absolute sense (450 MMTCO2) but shows the lowest 
percentage reduction with respect to its baseline emissions.  Brazil’s electricity sector, on the 
other hand, is already low emitting, so its potential reductions are small in terms of metric tons 
CO2 but represent more than half of its baseline emissions in 2020.  In addition, only about 15% 
of China’s potential reductions can be achieved at relatively low cost (less than $10 per metric 
ton CO2), while 70% of Brazil’s mitigation potential and a little less than half of India’s fall into 
this same category.  These cost-effective reductions could lower India’s emissions in 2020 by 
9%.  Although electricity generation is heavily coal-dependent in both China and India, the 
potential reductions in CO2 emissions in 2020 are achieved at a lower cost in the latter due to the 
relatively lower cost of the nuclear power generation mitigation option (compared to the 
assumed baseline technology in each country).  

                                                           
23 Note that Advanced Options Scenario #4 also incorporates emission reductions from demand-side 
management/end-use energy efficiency measures that decrease total generation in future years (by 7% below the 
Pre-2000 Policy baseline level in 2021).  These reductions are not included in the marginal abatement cost 
curve.  The emission reductions associated with the electricity savings from end-use measures in the individual 
sectors included in the India country analysis were estimated at 80 MMTCO2 in 2021. 
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Table 3.1.5  Emission Impacts of Implementing Mitigation Options in the Electricity Sector 
Country China India Brazil China India Brazil 

Pre-2000 Policy Baseline Emissions in 2020 
(MMTCO2) 

3,102 952 38 100% 

Advanced Options Scenario Emissions Reduction from 
Baseline in 2020 (MMTCO2) 

Percentage Reduction from 
Baseline in 2020 

#1 (options < $0/metric ton CO2) 44 38 15 1% 4% 40% 
#2 (options < $5/metric ton CO2) n/a 61 n/a n/a 6% n/a 
#3 (options < $10/metric ton CO2) 69 81 n/a 2% 9% n/a 
#4 (all feasible options) 444 178 21 14% 19% 56% 

 

III.A.3.ii Change in CO2 intensity 
The analysis also considered the change in emissions intensity that would result from 
implementation of mitigation measures.  In the electricity sector, this analysis was conducted for 
each fuel type as well as overall.  Baseline CO2 emissions intensity in China was projected at 
0.77 MT/MWh in 2020.  In the three emissions scenarios considered, overall average intensity 
falls only slightly in Advanced Options scenarios 1 and 3, to 0.76 and 0.75 MT/MWh, 
respectively, but drops to 0.66 MT/MWh in scenario 4.  Coal-fired plants, which are projected to 
account for 71% of generation in 2020 in the baseline scenario, have an intensity of 1.16 and 
1.15 MT/MWh in 2020 in the first two mitigation scenarios, respectively, but their intensity 
declines to 1.01 MT/MWh in scenario 4.  Intensity for oil-fired plants in 2020 changes little in 
scenarios 1 and 3 compared to the Pre-2000 Policy scenario, but falls to 0.71 in 2020 in scenario 
4.  Intensity for natural gas-fired power is 0.45 MT/MWh in scenarios 1 and 3 and 0.46 
MT/MWh in Scenario 4 (this increase between the scenarios may be due to the displacement of 
more efficient natural gas units by nuclear, hydro and other options). 

 
In India, CO2 intensity in 2020 in 
Advanced Options scenario 1 would be 
0.49 MT/MWh, slightly below the 
baseline (0.51 MT/MWh).  Intensity 
would decline to 0.48 MT/MWh under 
scenario 2, to 0.47 MT/MWh under 
scenario 3, and to 0.44 MT/MWh under 
Scenario 4.  Intensity of coal-fired power 
plants in 2020 stays nearly the same or 
falls slightly compared to the Pre-2000 
Policy scenario in scenarios 1, 2 and 3 
(just under 1.0), but increases to 1.1 
MT/MWh in scenario 4.  Intensity of oil 
is about the same as in the Pre-2000 
Policy scenario, staying nearly constant 

around 0.81 MT/MWh during the 2000-2020 time period in all scenarios, while gas intensity 
gradually declines, from 0.48 MT/MWh in 2000 to 0.38 MT/MWh in 2020. 
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In Brazil, development of renewable sources causes 
baseline emission intensity (0.05 MT/MWh) in 2020 
to decline to less than 0.03 in Advanced Options 
scenario 4 in that year.  Emissions intensity of fossil-
fired units remains nearly constant in both the 
baseline and Advanced Options scenarios, at 1.13, 
0.85, and 0.45 MT/MWh for coal-, oil- and natural 
gas-fired power respectively, in 2020. 
 

III.A.4 Policy Options 
 
The analysis for China identified the following to be 
among the most promising domestic policy options 

for mitigating GHG emissions in the electricity sector.  Some or all of these options may be 
considered for further analysis in Phase II of the project: 

 Fiscal policies (fuel taxes, subsidies, production tax credits, etc.) to promote conservation 
and the use of renewable energy; 

 Capacity building efforts to increase public awareness of energy efficiency opportunities; 
and 

 Promotion of renewable sources through measures such as subsidies, production tax credits, 
expansion of the current Renewable Energy Law, carbon portfolio standards, caps, and other 
regulatory approaches. 

 
In India, domestic policy options that might encourage the introduction of these measures, 
include subsidies, tax credits, or development of renewable portfolio standards.  The 
government’s ongoing efforts to expand rural generation and electrification could also be 
coupled with an increased emphasis on wind and small hydro power for off-grid renewable 
power generation.  Expanded demand-side management and energy efficiency programs in end-
use sectors could be encouraged through government-industry partnerships to share knowledge 
and experience, as well as public capacity building efforts.  IGCC based on imported coal is a 
promising option for 2020 and beyond.  While its potential is uncertain, it could be explored as 
an option along with carbon capture and sequestration (CCS) through a domestic pilot program 
to study and test the technologies and their applicability in India. 
 
Because Brazil’s electricity sector already contains a large percentage of renewables, mitigation 
options in this sector focus upon new generation facilities that utilize renewable sources, which 
were identified as low-cost options in the analysis.  The PROINFA program could be expanded 
to include a higher level of renewables, and also to provide incentives for the development of 
some resources such as biomass, for which the tariffs in the initial phase of the program were too 
low to encourage a major expansion.  In addition, with only one wind equipment manufacturer 
currently in business in Brazil, it would also be helpful to develop policies that encourage the 
opening of one or more additional domestic companies.  This could be done with international 
financing, or by reforming PROINFA to expand the time of the program to accommodate lead-
times of investors.  An expansion of CDM projects in Brazil is another good prospect for 
emissions mitigation, particularly with respect to small hydro development, which is currently 
only partially tapped in the CDM. 
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III.B Cement  
 
The cement industry is a significant contributor to GHG emissions because CO2 is a natural 
byproduct of the chemical process used to convert limestone into clinker, the primary ingredient 
of cement.  As a rule of thumb, clinker production emits about 0.5 metric tons, or metric tons, of 
CO2 per metric ton of clinker and is the major source of CO2 emissions at most modern cement 
plants.  For this reason, the CO2 emissions per unit of cement production can be lowered 
substantially by substituting materials such as fly ash, blast furnace slag, and pozzolana for some 
portion of clinker.  The second most important source of emissions in this sector is fuel 
consumption because clinker production requires high temperatures.  Electricity use and 
transportation-related emissions account for only about 10% of the emissions from cement 
operations. 
 
China is responsible for more than one-third of global cement production, and one fifth of 
China’s current CO2 emissions come from this industry.  India is the world’s second largest 
cement producer, and Brazil ranks 11th.  In both the Chinese and Indian cement industries, coal 
made up more than nine-tenths of the fuel mix in 2000, while petcoke accounted for 55% of the 
fuel consumed in Brazil’s cement plants in that year. 
 

III.B.1 Baselines 

III.B.1.i Production 
Production of cement in China is predicted to rise by 
70% from 2000 to 2020 and by 84% between 2000 and 
2025, increasing from 718 million metric tons (Mt) 
product in 2000 to 1,220 Mt in 2020 and 1,324 Mt in 
2025.  In India, cement production increases at a faster 
rate (by a factor of almost eight) between 2000 and 
2025, rising from 96 Mt in 2000 to 513 Mt in 2020 and 
762 Mt in 2025.  Brazil’s cement production of 40 Mt 
in 2000 is projected to rise to 64 Mt in 2020 and to 74 
Mt in 2025, an increase of 86%.   
 

III.B.1.ii CO2 Emissions  
In China, CO2 emissions24 from the cement sector are projected to rise by a similar percentage as 
production in the Pre-2000 Policy Baseline scenario, from 643 MMTCO2 in 2000 to 1098 
MMTCO2 and 1189 MMTCO2 in 2020 and 2025, respectively.  However, the Recent Policy 
baseline emissions only increase to 937 MMTCO2 and 990 MMTCO2 in 2020 and 2025, 
respectively.  This significant fall in Chinese cement sector emissions (i.e., 15% reduction from 
BAU level in 2020) is due to retrofitting of existing cement plants, particularly upgrades from 
the wet to the dry production process and waste heat recovery, planned under the Policy Outlines 
of Energy Conservation Technologies (rev 1996).  It also reflects the National Development and 
                                                           
24 The China analysis included estimates of emissions due to both direct fuel and electricity consumption; these 
estimates have been adjusted by excluding electricity use from energy utilization. 
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Reform Commission’s goal to improve cement sector’s energy intensity under the Medium and 
Long Term Energy Conservation Plan adopted in 2004.  
 

 
 
In India, baseline CO2 emissions from cement manufacturing in 2000 are 67 MMTCO2.  With 
the explosive growth in the cement production, the Indian cement sector emissions rise to 334 
MMTCO2 and 508 MMTCO2 in 2020 and 2025, respectively, in the Pre-2000 Policy scenario.  
Under the Recent Policy scenario, emissions are at similar levels: 339 MMTCO2 and 501 MMT 
in 2020 and 2025, respectively (see Table 3.2.1).  Similarly, Brazilian cement sector emissions 
under the two scenarios do not differ significantly: CO2 emissions of 26.2 MMTCO2 in 2000 rise 
to about 41 MMTCO2 and 47 MMTCO2 in 2020 and 2025, respectively, under both the Pre-2000 
Policy and Recent Policy scenarios. 
 
Table 3.2.1  Change in the Cement Sector Emissions due to Recent Policies in China, India and Brazil 
(MMTCO2) 

Scenario Year China India Brazil 
2000  643 67 26 

Pre-2000 Policy (BAU) Scenario  
2020  1,098 334 40 
2020  937 339 41 
Change from BAU  (162) 5 0.2 Recent Policy Scenario 

% Change  -15% +1% +0.5% 

 

III.B.1.iii CO2 Intensity 
China’s emissions intensity in 2000, 0.89 MTCO2/ton cement, is much higher than those of India 
(0.70 MTCO2/ton cement) and Brazil (0.66 MTCO2/ton cement) because its industry makes 
greater use of the more energy-intensive wet process for clinker production and its plants 
predominately incorporate shaft kilns, which are less efficient than rotary kilns.  
 
For the Pre-2000 Policy baselines, the emissions intensities of the three countries behave quite 
differently between 2000 and 2025.  Brazil’s emissions intensity improves by about 5%, falling 
to 0.63 MTCO2/ton cement, due to an assumed 1.18% annual improvement in the thermal 
efficiency of cement plants.  China’s remains relatively constant, fluctuating slightly as its fuel 
mix varies.  In India, the CO2 emissions intensity steadily improves through 2020, dropping to 
0.65 MTCO2/ton cement, but then increases to 0.67 MTCO2/ton cement in 2025.  The initial 
decrease is caused by increased production of a particular type of blended cement, Portland 
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Pozzolana cement (PPC), which increases its market share from 32% to 60%, while that of 
Ordinary Portland cement falls from 56% to 28%.  However, this trend is eventually reversed by 
the increasing use of imported coal. Only China shows a significant decline in the emissions 
intensity of cement production under the Recent Policy baseline, reaching 0.75 MTCO2/ton 
cement in 2025, due to the same improvements in technology (retrofitting) that cause its 
emissions to grow less rapidly. 
 

 
 

III.B.2 Mitigation Options 
The marginal abatement cost curves for measures in the cement sector for the year 2020 (2021 
for India) are shown below in Table 3.2.2. 
 
China has identified twelve potential emissions mitigation options that can potentially reduce 
CO2 emissions by one-fifth in 2020—235 MMTCO2 below BAU.  Most of these reductions are 
available at low cost: the potential for the less than $0 per ton measures in 2020 is 76 MMTCO2.  
The negative cost-per-ton options are preventative maintenance, increased use of waste-derived 
fuels, improved process management and control, and measures that reduce heat loss through the 
kiln shell.   
 
Table 3.2.2  China Cement Marginal Abatement Cost Curve for 2020 

Mitigation Options 
Marginal Abatement 

Cost 
($/metric ton CO2e) 

Total Emission 
Reduction 

(MMTCO2e) 

Cumulative Emission 
Reduction 

(MMTCO2e) 

Preventative Maintenance -4.5 23.5 23.5 

Use of Waste Derived Fuels -3.8 21.5 45.0 

Process management and Control -2.4 19.5 64.5 

Kiln Shell Heat Loss Reduction -1.9 11.3 75.8 

High-Efficiency Motors and Drives 0.2 8.17 84.0 

Active Additives 0.9 10.2 94.2 

Composite Cement 1.5 14.3 108.5 

Conversion to Multi-stage pre-heater kiln 3.8 49.1 157.6 

Combustion System Improvement 4.1 34.8 192.4 

High-efficiency roller mills 6.6 28.6 221.0 

High-efficiency Powder Classifiers 9.7 10.2 231.2 

Efficient transport systems 12.7 3.7 234.8 
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Figure 3.2.5  Cement Sector CO2 Emissions 
Intensity by Country, Recent Policy Baselines 
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In India, the potential emissions reduction from the mitigation options is 11 MMTCO2 in 2021; 
both options are cost-effective and involve increased production of blended cements. 
 
Table 3.2.3  India Cement Marginal Abatement Cost Curve for 2021 

Mitigation Options 
Marginal Abatement 

Cost 
($/metric ton CO2) 

Total Emission 
Reduction 

(MMTCO2e) 

Cumulative Emission 
Reduction  

(MMTCO2e) 
6 Stage producing PPC cement -7.5 6.8 6.8 

6 Stage producing PSC cement -6.7 3.8 10.6 
 
Like India, Brazil considered blended cement, both increasing the production of blended cements 
and increasing the percentage of non-clinker material in these blends, to be the primary 
mitigation option for this sector; it is found to be cost-effective in Brazil and reduces CO2 
emissions by 7.2 MMT in 2020.25  Brazil also examined the costs and CO2 benefits of increasing 
the thermal efficiency of cement plant operations (by reducing heat losses and improving 
practices). 
 
Table 3.2.4  Brazil Cement Marginal Abatement Cost Curve for 2021 

Mitigation Options 
Marginal Abatement 

Cost 
($/metric ton CO2) 

Total Emission 
Reduction 

(MMTCO2e) 

Cumulative Emission 
Reduction  

(MMTCO2e) 

Increasing Thermal Efficiency in Process -15.1 (15% p.a.) 
-12.9 (10% p.a.) 39.2 39.2 

Reducing the Clinker-to-Cement Ratio -9.7 19.5 58.7 

 

III.B.3 Mitigation Analysis for 2020 

III.B.3.i GHG reductions 
 
For China, the analysis included all 
four GHG mitigation scenarios related 
to the cost-effectiveness of the 
associated emissions reductions: 
≤$0/MTCO2; <$5/MTCO2; 
<$10/MTCO2; and all options 
considered feasible, regardless of cost.  
CO2 emissions from cement 
manufacturing in 2020 fall to 1,005 
MMT, 970 MMT, 900 MMT, and 865 
MMT in these scenarios, respectively.  
These emissions represent, 
respectively, levels 8%, 12%, 18% 
and 21% below the Pre-2000 Policy 
emissions baseline level of 1,098 
MMT.  The reductions in each 
                                                           
25 Emissions reduction was originally reported as 19.5 MMTCO2 over a multi-year period; the 2020 value is the 
difference in emissions between the Advanced Options scenario and the Recent Policy baseline (to approximately 
compensate for the effects of fuel switching also incorporated in the Advanced Options scenario). 
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Figure 3.2.6  Cement Sector CO2 Emissions in 2020 by Country, 
Pre-2000 Policy Baselines vs. Advanced Options Scenarios 
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scenario therefore totaled about 90, 130, 200, and 230 MMT.  The inclusion of higher cost 
measures at both the <$5/MTCO2 and <$10/MTCO2 levels therefore increases the potential 
reductions by about 45% and 55% at each respective step. 
 
Brazil and India each modeled a single Advanced Options scenario that included their best 
estimates of all feasible options and included some measures for which no cost analysis was 
performed.  In Brazil, this Advanced Options scenario resulted in a reduction in CO2 emissions 
below the Pre-2000 Policy baseline of 7.0 MMT (17.3%) in 2020.  For India, this scenario 
reduced emissions by about 3% (10.4 MMTCO2) in 2020 (to 323 MMT), through increased 
production of blended cements (to 95% of all cement produced in 2036) and upgrading all 
existing plants to incorporate 6-stage pre-heaters. 
 
The cement sector is characterized by having a large potential for emissions reductions that are 
also low cost (see the table below).  Both Brazil and China have identified mitigation measures 
that can reduce their emissions of CO2 from cement manufacturing in 2020 by about one-fifth, 
while India’s potential reductions are more modest, primarily because India’s cement plants are 
comparatively newer and thus more energy efficient.  From a cost standpoint, increased 
production of blended cement in Brazil and India was found to be cost-effective, and 85% of 
China’s reductions could be achieved for less than $10 per metric ton CO2.  
 
Table 3.2.5  Emission Impacts of Implementing Mitigation Options in the Cement Sector 

Country China India Brazil China India Brazil 
Pre-2000 Policy Baseline Emissions in 2020 
(MMTCO2) 1,098 334 40 100% 

Advanced Options Scenario Emissions Reduction from 
Baseline in 2020 (MMTCO2) 

Percentage Reduction from 
Baseline in 2020 

#1 (options < $0/metric ton CO2) 93 10 7 8% 3% 17% 
#2 (options < $5/metric ton CO2) 128 n/a n/a 12% n/a n/a 
#3 (options < $10/metric ton CO2) 198 n/a n/a 18% n/a n/a 
#4 (all feasible options) 233 10 7 21% 3% 17% 

 

III.B.3.ii Change in CO2 intensity 
Under the four China mitigation 
scenarios, the emissions intensity of 
cement production in 2020 improves from 
the Pre-2000 Policy baseline level of 0.90 
MTCO2/ton cement.  The intensities 
under the Advanced Options scenarios are 
0.82 MTCO2/ton cement (for the negative 
cost measures), 0.80 MTCO2/ton cement 
(<$5/metric ton), 0.74 MTCO2/ton 
cement (<$10/metric ton), and 0.71 
MTCO2/ton cement (all feasible options); 
the final scenario represents a 21% 
improvement.  Similarly, the CO2 
emissions intensity in the Indian cement 
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sector declines by 3.4% from the Pre-2000 Policy baseline level, falling to 0.63 MTCO2/ton 
cement, in 2020 under their Advanced Options scenario.  The improvement is 17% in Brazil, 
with the 2020 Advanced Options emissions intensity reaching 0.53 MTCO2/ton cement.  The 
declines in emissions intensity in both Brazil and India are a result of increased production of 
blended cements. 

 

III.B.4 Policy Options 
In China, GHG mitigation from cement production could be facilitated through fiscal policy (e.g., 
incentives for capital investments, research and development, the use of alternative fuels or 
increased production of blended cements); the establishment of voluntary assistance programs to 
educate plant managers about energy management systems; CDM assistance; and the 
development of technology transfer and cooperation agreements with other countries. 
 
India is expecting most of their cement plants to be modernized (e.g., incorporating 6-stage pre-
heaters) as a natural part of the industry’s evolution.  This could be further encouraged if the 
government could pursue partnerships with industry to ensure that the modernization occurs or to 
encourage modernization at a faster speed.  While India currently has 19 blended cement projects 
in the CDM pipeline, these could also be pursued further (although they are identified here as 
having a negative dollar-per-metric ton cost, which may make it more difficult to pass the 
CDM’s additionality test). 
 
The primary mitigation GHG option in Brazil’s cement industry – increased production of 
blended cements – is inhibited by public attitudes.  These types of cement do not have the 
pristine white color of ordinary Portland cement and have thus been less appealing to the general 
public.   This is a concern because, unlike in most countries (where cement is primarily used for 
infrastructure), more than three-quarters of the cement produced in Brazil is used for buildings.  
Thus, the government could undertake a public outreach campaign to promote the benefits of 
blended cement. 
 
Additional policy options for this sector in Brazil include: 

• A stricter energy efficiency law. 
• Greater CONPET incentives for efficient fuel use. 
• Incentives for increased blending, including financial assistance in the acquisition, 

preparation or transport of blending materials. 
• Increased use of the CDM – e.g., blending is a common cement-sector CDM project, but 

Brazil has no current cement-sector projects in the CDM pipeline. 
• Financial or technological assistance for the development and installation of co-

generation equipment, which is more technologically complex in cement manufacturing 
than in other industries due to the high content of dust in the exhaust gas. 
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III.C Iron & Steel 
 
The production of iron and steel is an energy- and therefore emissions-intensive activity.  In 
2000, China’s iron and steel industry used over 3,000 PJ of energy and emitted nearly 300 
MMTCO2;26 India’s industry used over 725 PJ of energy and emitted over 65 MMTCO2; and 
Brazil’s used almost 700 PJ, emitting 46 MMTCO2.27  Given the energy intensive nature of the 
industry, efficiency improvements or other fuel savings measures have the potential to reduce 
emissions at a relatively low cost.    
 
Iron and steel production principally utilizes coal as a source of power.  The coal is usually 
burned directly, but in China’s case, it is also used to generate electricity for arc furnaces.  In 
2000, China derived approximately 1,400 PJ from coking coal, 780 PJ from power coal, and an 
additional 800 PJ from electricity (principally coal generated), with fuel oil and natural gas 
contributing less than 5% of the total.  China has made recent improvements in technologies, but 
their industry still includes many small- and medium-sized firms with older, less efficient 
technology.  India’s 2000 profile was also coal-intensive; oil contributed about 4% of the energy 
requirements with coal and natural gas supplying the rest.  India’s industry also includes two 
advanced COREX plants for steel-making, a technology that does not require coking coal.  
Brazil’s profile differed from this pattern in that charcoal contributed approximately one-quarter 
of the energy required in 2000, with coal again making up the bulk of the remainder. 
 
The production levels for the iron and steel industry have been increasing significantly.  
Production in all three countries in this analysis experienced significant growth in the 1990s.  
China, which produced approximately 50 million metric tons in 1990, produced over 130 million 
metric tons in 2000.  India, which produced approximately 14 million metric tons in 1990, 
produced 30 million metric tons in 2000.  Brazil has raised production from 21 million metric 
tons to 27 million metric tons from 1990 to 2000.   
 

III.C.1 Baselines 

III.C.1.i Production 
Under the Pre-2000 Policy Baseline scenario, steel production in China is projected to increase 
from 131 million metric tons in 2000 to 364 million metric tons in 2020 but then drops to 354 
million metric tons in 2025.  Production is the same in the Recent Policy baseline scenario.  
China’s production level is expected to parallel its economic growth as most of the production is 
used domestically, with the expected growth of the sector to slow over time.  Steel production in 
India in the Pre-2000 Policy and Recent Policy scenarios is projected to increase from 30 million 
metric tons in 2000 to 163 million metric tons in 2020 and 244 million metric tons in 2025, an 
eightfold increase.  In Brazil, baseline production is projected to increase from 27 million metric 
                                                           
26 For iron and steel production, China reports energy consumption on a “comprehensive” basis, which includes both 
primary energy used for direct production of iron and steel and secondary energy consumption (such as energy used 
for transportation).  All energy and emissions data used and presented in this section, except the emissions 
reductions reported in the marginal abatement cost curves, are therefore 20% less than the analytical results, to 
deduct the estimated non-primary use component.  The original data is shown in Appendix I. 
27 Note that although India and Brazil have similar energy usage, Brazil emits significantly less CO2 because of its 
reliance on charcoal, a renewable fuel that does not contribute to the emissions inventory.   
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tons in 2000 to 45 million metric tons in 2020 and 47 
million metric tons in 2025 in both baselines. 
 

III.C.1.ii CO2 Emissions  
Emissions from China’s iron and steel industry are 
projected to increase from 200 MMTCO2 in 2000 to 
323 MMTCO2 in 2020 and 285 MMTCO2e in 2025 
in the Pre-2000 Policy scenario.28  Emissions 
experience a less pronounced increase in the Recent 
Policy baseline, rising to 294 MMTCO2 in 2020 and 
257 MMTCO2 in 2025.  This fall in iron & steel 
sector emissions reflects the impact of China’s recent 
targeting of this sector as a priority for efficiency improvement, through the China Medium and 
Long-Term Energy Conservation Plan and the China Iron and Steel Industry Development 
Policy.  As a result, emissions under the Recent Policy scenario in 2020 are nearly 10% below 
the BAU level, which is roughly equivalent to shutting down around 750 iron and steel facilities 
(see Table 3.3.1).  
 
Indian iron and steel emissions in the Pre-2000 Policy baseline rise from 66 MMTCO2 in 2000 to 
317 MMTCO2 in 2020 and 458 MMTCO2 in 2025.  In the Recent Policy Scenario, emissions rise 
to only 300 MMTCO2 in 2020, due to the increased efficiency of steel facilities expected under 
the National Steel Policy 2005.  The Indian iron & steel emissions in 2020 emissions under the 
Recent Policy, subsequently, represents 5% below the BAU level, and this reduction is 
equivalent to one-third of the sector’s total emissions in 2000.     
 

 
 
Brazil’s iron & steel sector emissions rise from 46 MMTCO2 in 2000 to 82 MMTCO2 in 2020 
and 86 MMTCO2 in 2025 in the Pre-2000 Policy baseline.  Under the Recent Policy scenario, the 

                                                           
28 With the exception of the emissions reductions for China reported in the marginal abatement cost curves, 
estimates of CO2 emissions in this chapter include direct fuel consumption only, and exclude electricity.  CO2 
emissions data from the China baseline scenarios were adjusted to develop estimates of the fuel-only component of 
reported CO2 emissions, using the annual ratios of direct fuel emissions to total emissions in Advanced Options 
scenario 1. 
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Figure 3.3.2  Iron & Steel Sector CO2 Emissions 
by Country, Pre-2000 Policy Baselines 
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Figure 3.3.3  Iron & Steel Sector CO2 Emissions by 
Country, Recent Policy Baselines  
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Figure 3.3.1  Iron & Steel Sector Production by 
Country for All Baselines  
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2020 and 2025 emissions are each about 7% (6 MMTCO2) less than this, due to a slight fuel 
displacement of oil by natural gas.   
 
Table 3.3.1  Change in the Iron & Steel Sector Emissions due to Recent Policies in China, India and 
Brazil (MMTCO2) 

Scenario Year China India Brazil 
2000  200 66 46 

Pre-2000 Policy (BAU) Scenario  
2020  323 317 82 
2020  294 300 76 
Change from BAU  (29) (17) (5) Recent Policy Scenario 

% Change  -9% -5% -6.5% 

 

III.C.1.iii CO2 Intensity 
The CO2 intensity in each country is a function of the overall fuel mix and the energy efficiency 
of the iron and steel producing plants.  India and China have the highest CO2 intensity because of 
heavy reliance on coal.  Brazil, with its reliance on charcoal, has a lower CO2 intensity than India 
but a higher intensity than China because the fuel intensity of its iron and steel plants is the 
highest of the three.  In the Pre-2000 Policy baseline, direct fuel use emissions intensities for 
China, India, and Brazil were 1.52, 2.20, and 1.73 metric tons CO2/metric ton steel, respectively, 
in year 2000.  In 2020, the emission intensities for China, India, and Brazil are 0.89, 1.93, and 
1.80, respectively, indicating that while relatively small changes are expected for Brazil and 
India, China is expected to experience a large improvement in direct fuel emissions intensity.  
Although the emissions intensity of China is expected to improve, some of the reduction is 
attributable to the increased reliance on electricity, the emissions for which are accounted for in 
the electricity sector and have therefore been excluded from this analysis.    
 

 
 
 

III.C.2 Mitigation Options 
Marginal abatement cost curves for measures in the iron and steel sector were developed for 
China (for the year 2020) and India (for 2021), as shown below in Table 3.3.2. 
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Figure 3.3.5  Iron & Steel Sector CO2 Emissions 
Intensity by Country, Recent Policy Baselines 
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Figure 3.3.4  Iron & Steel Sector CO2 Emissions 
Intensity by Country, Pre-2000 Policy Baselines 
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For China, ten GHG mitigation options were analyzed in the iron and steel sector, and these 
show a potential for reducing emissions in 2020 by 139 MMTCO2,29 ignoring interactive effects.  
Many of these measures employ the most advanced technologies, which also have high capital 
costs.  The only cost-effective option is establishment of an energy management center, while 
three additional options – advanced coke ovens, advanced blast furnace technologies, and 
adjusting the ratio of iron to steel – each have a cost effectiveness less than $10 per metric ton 
CO2. 
 
Table 3.3.2  China Iron and Steel Marginal Abatement Cost Curve for 2020 

Mitigation Options 
Marginal Abatement 

Cost  
($/metric ton CO2e) 

Total Emission 
Reduction  

(MMTCO2e) 

Cumulative Emission 
Reduction 

(MMTCO2e) 

Establish energy management center -3.6 3.6 3.6 

Advanced coke oven 3.0 9.1 12.7 

Advanced blast furnace technology 5.4 24.6 37.4 

Adjust ratio of iron/steel 8.2 43.6 80.9 

Dry coke quenching 30.4 3.5 84.4 

Advanced sinter machine 31.6 10.8 95.2 

Advanced direct steel rolling machine 34.9 4.4 99.6 

Smelt reduction technology 52.7 25.6 125.3 

Advanced converter 61.0 7.6 132.8 

Advanced EAF 131.4 5.7 138.5 

 
The only mitigation option India analyzed from a cost standpoint is construction of an efficient 
blast furnace – basic oxygen furnace (BF-BOF) facility, and it was found to be high cost. 
 
Table 3.3.3  India Iron and Steel Marginal Abatement Cost Curve for 2021 

Mitigation Options 
Marginal Abatement 

Cost 
($/metric ton CO2e) 

Total Emission 
Reduction 

(MMTCO2e) 

Cumulative Emission 
Reduction 

(MMTCO2e) 
BF-BOF –Efficient 83.1 19.4 19.4 

 

III.C.3 Mitigation Analysis for 2020 

III.C.3.i GHG reductions 
The China analysis examined all four variations of the Advanced Options scenario.  In Advanced 
Options scenario 1 (all negative cost options), emissions totaled 321 MMTCO2 in 2020.  In 
scenarios 2, 3, and 4, 2020 emissions totaled 303 MMTCO2, 284 MMTCO2, and 257 MMTCO2.   
These totals are 1.6, 19, 38, and 65 MMTCO2 below the 2020 total in the Pre-2000 Policy 
baseline scenario.  In the one scenario analyzed in India (Advanced Options scenario 4), 
emissions in 2020 were 32 MMTCO2 below the Pre-2000 Policy baseline.  In Brazil, the analysis 
indicated an emissions level 13 MMTCO2 below the Pre-2000 Policy baseline level in 2020.  On 

                                                           
29 Emissions figures in the marginal abatement cost tables have not been adjusted for emissions due to secondary 
energy consumption or electricity use. 
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a proportional basis, China therefore sees the largest potential reduction (20%), followed by 
Brazil (16%) and India (10%). 
 
Table 3.3.4  Emission Impacts of Implementing Mitigation Options in the Iron & Steel Sector  

Country China India Brazil China India Brazil 
Pre-2000 Policy Baseline Emissions in 2020 
(MMTCO2) 

323 317 82 100% 

Advanced Options Scenario Emissions Reduction from 
Baseline in 2020 (MMTCO2) 

Percentage Reduction from 
Baseline in 2020 

#1 (options < $0/metric ton CO2) 1.6 n/a n/a 0.5% n/a n/a 
#2 (options < $5/metric ton CO2) 19 n/a n/a 6% n/a n/a 
#3 (options < $10/metric ton CO2) 38 n/a n/a 12% n/a n/a 
#4 (all feasible options) 65 32 13 20% 10% 16% 

 

III.C.3.ii Change in CO2 intensity 
In China, in Advanced Options scenario 1, emissions intensity is 0.88 metric tons CO2 per metric 
ton output in 2020.  In scenarios 2, 3, and 4, emissions intensity is 0.83, 0.78, and 0.71 metric 
tons CO2 per metric ton output, respectively.  The emissions intensities obtained for India and 
Brazil in 2020 were 1.75 and 1.50, respectively, in Advanced Options scenario 4. 
 

 
 

III.C.4 Policy Options 
In the Chinese iron and steel sector, emission reduction efforts could be supported through 
government-run voluntary assistance programs where officials share knowledge and training 
with plant managers, as well as direct incentives (subsidies, tax credits, etc.) for capital 
investments in modern plants or advanced technologies and research and development.  Since the 
Chinese iron and steel sector currently is a major producer of global steel, measures that improve 
efficiency and competitiveness might be ideal for consideration. 
 
In India, cooperative agreements between government and industry could be used to accelerate 
the introduction of advanced technologies in the iron and steel industry.  Although iron and steel 
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Figure 3.3.7  Iron & Steel Sector CO2 Emissions Intensity 
in 2020 by Country, Pre-2000 Policy Baselines vs. 
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operations in India are experiencing rapid modernization, preliminary analysis indicates that 
there may be some additional technological improvements that significantly reduce GHG 
emissions that could be introduced or used more extensively and are cost-effective or relatively 
inexpensive (less than $5/metric ton CO2).  Government programs could be developed or 
financial incentives provided to encourage the adoption of such technologies.  This might include 
broadening the scope of the Steel Development Fund: Consolidated Fund of India, which 
currently focuses on improving blast furnace productivity.  
 
For Brazil, many of the promising policy options identified for the iron and steel sector are 
similar to those suggested for the cement industry – enhanced energy efficiency requirements, 
greater CONPET incentives for efficient use of fuel, incentives or assistance for recycling iron 
and steel products and an increased use of scrap in steel production, and promotion of co-
generation.  In addition, technological or financial assistance could be targeted to achieve greater 
penetration of advanced technologies, such as electric arc furnaces.  The preferred mitigation 
option identified in the Brazil report, increased substitution of coal by charcoal, may be eligible 
for the CDM, government regulation or the aforementioned CONPET incentives; development 
of more detailed cost data would be helpful in evaluating this option. 
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III.D Pulp and Paper  
 
The pulp and paper sector represents a prime candidate for achieving efficiency improvements 
and, therefore, reductions in GHG emissions.  In many countries, pulp and paper manufacturing 
plants are often old and inefficient, presenting opportunities for technology retrofits and 
upgrades.  Smaller plants often dominate and tend to produce their paper from agricultural 
wastes, such as bamboo, wheat straw, rice straw and bagasse, while paper manufacturing in 
larger plants produces higher quality paper from wood pulp and recycled wood fibers. 
 
The production of pulp and paper is a very energy-intensive process. Pulp and paper mills 
consume large amounts of electricity and steam, and this energy consumption is responsible for 
the significant GHG emissions from this sector.  Because paper production is so energy-
intensive, opportunities for co-generation and other energy-efficiency options exist at many 
mills.  In addition, free on-site fuel is available in the form of biomass and black liquor, which 
are natural by-products of the manufacturing process.  This industry is a key energy consumer in 
China, India and Brazil. 
 

III.D.1 Baselines 

III.D.1.i Production 
China’s production of pulp and paper is predicted 
to approximately triple between 2000 and 2025, 
rising from 31 Mt in 2000 to 76 Mt in 2020 and to 
96 Mt in 2025.  In India, the growth rate of the 
industry is even larger – the production of 4.5 Mt 
in 2000 grows by more than a factor of five, to 23 
Mt, in 2020 and is 7.5 times higher in 2025, 
reaching 34 Mt.  Brazil’s pulp and paper 
production rises by a factor of 2.5 between 2000 
and 2020, from 15 Mt to 37 Mt, and triples 
between 2000 and 2025, when it reaches 44 Mt. 
 

III.D.1.ii CO2 Emissions  
CO2 emissions in China’s pulp and paper sector increase by 175% from 63 MMT in 2000 to 141 
MMTCO2 and 172 MMTCO2 in 2020 and 2025, respectively, for the Pre-2000 Policy baseline.  
Growth of emissions is slower under the Recent Policy scenario: 111 MMTCO2 in 2020 (77% 
increase) and 137 MMT (119% increase) in 2025. The Chinese pulp and paper sector emissions 
in 2020 under the Recent Policy scenario is 21% below the BAU level, and this significant 
emission reduction is equivalent to around half of the sector’s emissions in 2000.  This reduction 
is due to the modernization of the facilities and operations expected under the Chinese 
government’s effort to restructure currently state-owned plants (see Table 3.4.1).   
 
In India, the CO2 emissions in this sector increase from 6 MMT in 2000 to approximately 16 
MMT in 2025 in both the Pre-2000 Policy and Recent Policy baselines.  Brazil’s CO2 emissions 
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grow by 179%, from 25 MMT in 2000 to 70 MMT in 2025, in the Pre-2000 Policy baseline; the 
increase is less, 167% to 67 MMT in 2025, for the Recent Policy baseline due to small 
improvements in production efficiency and some switching from fuel oil to natural gas. 
 

 
 
Table 3.4.1  Change in the Pulp & Paper Sector Emissions due to Recent Policies in China, India and 
Brazil (MMTCO2) 

Scenario Year China India Brazil 
2000  63 6 25 

Pre-2000 Policy (BAU) Scenario  
2020  141 12 59 
2020  111 13 57 
Change from BAU  (30) 0 (2) Recent Policy Scenario 

% Change  -21% 1% -3% 

 

III.D.1.iii CO2 Intensity 
In China, the CO2 emissions intensity of pulp and paper manufacturing improves in the Pre-2000 
Policy baseline due to natural technological improvements that increase the overall efficiency of 
industry practices.  This results in a drop in emissions intensity from 2.05 MT CO2/Mt output in 
2000 to 1.79 MT CO2/Mt output in 2025, a 13% improvement.  The Recent Policy baseline 
change is even greater, a 30% decline to 1.44 MT CO2/Mt output in 2025, due to the additional 
effects of shifting some production to more efficient facilities.  India’s emissions intensity 
declines from 1.32 MT CO2/Mt output in 2000 to 0.46 MT CO2/Mt output in 2025 for the Pre-
2000 Policy baseline.  For the Recent Policy baseline, the emissions intensity in 2025 is slightly 
higher, 0.48 MT CO2/Mt output, because coal makes up a larger percentage of the fuel mix in 
this baseline.  The emissions intensity of Brazilian paper production in the Pre-2000 Policy 
baseline improves from 1.68 MT CO2/Mt output in 2000 to 1.59 MT CO2/Mt output in 2025, an 
improvement of 5%.  Fuel switching to natural gas increases this improvement to nearly 10% for 
the Recent Policy baseline in Brazil, reaching 1.52 MT CO2/Mt output in 2025. 

0
20
40
60
80

100
120
140
160
180

2000 2005 2010 2015 2020 2025

M
M

TC
O

2e

China India Brazil
 

Figure 3.4.2  Pulp & Paper Sector CO2 Emissions 
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Figure 3.4.3. Pulp & Paper Sector CO2 Emissions 
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III.D.2 Mitigation Options 
For this report, MAC curves were only developed for the Indian pulp and paper sector. 
   
For pulp and paper production, India has individually analyzed the GHG mitigation options 
listed in the table below.  Each of these options has been evaluated with respect to a baseline 
technology – an existing, wood-based paper mill.  Those options listed as “efficient” incorporate 
specific energy-saving technologies not used in most existing paper mills in the country.  
Significantly, four of the five options analyzed were projected to achieve a net cost savings but 
are expected to produce only a modest emissions reduction of 2 MMTCO2 in 2021. 
 
Table 3.4.2  India Pulp and Paper  Marginal Abatement Cost Curve for 2021 

Mitigation Options 
Marginal Abatement 

Cost 
($/metric ton CO2e) 

Total  Emission 
Reduction 

(MMTCO2e) 

Cumulative Emission 
Reduction 

(MMTCO2e) 
Wood based efficient -2 -16.3 0.769 0.769 

Retrofit waste paper based -14.7 0.222 0.990 

Retrofit agro based -14.7 0.237 1.228 

Waste paper based efficient  -3.8 0.269 1.496 

Agro based efficient 6.7 0.269 1.765 

 

III.D.3 Mitigation Analysis for 2020 

III.D.3.i GHG reductions 
Although a mitigation cost analysis was not available 
for China, a mitigation scenario was developed based 
upon an estimate of the feasible extent to which pulp 
and paper production could be shifted from low-
efficiency operations to higher efficiency, large-scale 
facilities.  Under this scenario, CO2 emissions rise to 
105 MMT in 2020, which is 25% below the Pre-2000 
Policy baseline emissions of 141 MMT CO2.  The 
Advanced Options scenario in India, which maintains 
the percentage of waste-based paper and slows the 
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Figure 3.4.5  Pulp & Paper Sector CO2 Emissions 
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decline in paper produced from agricultural wastes, also reduces CO2 emissions in this sector in 
2020 by 24%, to 9.4 MMT from 12.5 MMT in the Pre-2000 Policy baseline.  No mitigation cost 
analysis was performed in Brazil, but an Advanced Options scenario was modeled that includes 
shifting some production of short fiber pulp to paper and a set of feasible extensions of 
mitigation options included in the Recent Policy baseline – a higher displacement of fuel oil by 
natural gas, an increase in co-generation, and greater electrical and thermal efficiency gains.  
This results in 55 MMT of CO2 emissions in 2020 from pulp and paper production, a 6% 
reduction with respect to the Pre-2000 Policy baseline emissions of 59 MMT. 
 
Table 3.4.3  Emission Impacts of Implementing Mitigation Options in the Paper & Pulp Sector  
Country China India Brazil China India Brazil 
Pre-2000 Policy Baseline Emissions in 2020 (MMTCO2) 141 12 59 100% 

Advanced Options Scenario 
Emissions Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage Reduction 
from Baseline in 2020 

#1 (options < $0/metric ton CO2) n/a n/a n/a n/a n/a n/a 
#2 (options < $5/metric ton CO2) n/a n/a n/a n/a n/a n/a 
#3 (options < $10/metric ton CO2) n/a 3 n/a n/a 24% n/a 
#4 (all feasible options) 36 3 4 25% 24% 6% 

 

III.D.3.ii Change in CO2 intensity 
For the pulp and paper sector Advanced Options 
scenario in China, the CO2 emissions intensity in 
2020 is 1.37 MT CO2/Mt output, 26% lower than 
in the Pre-2000 Policy baseline.  In India, the 
Advanced Options scenario produces a 25% 
decrease in emissions intensity in 2020 with 
respect to the Pre-2000 Policy baseline, falling 
from 0.55 MT CO2/Mt output to 0.41 MT CO2/Mt 
output. Brazil’s emissions intensity in 2020 
improves by 6%, from 1.59 MT CO2/Mt output in 
the Pre-2000 Policy baseline to 1.49 MT CO2/Mt 
output in the Advanced Options scenario.  
 

III.D.4 Policy Options 
Policy options in China, India and Brazil to promote GHG emissions reductions in the pulp and 
paper industry were not explored in detail in Phase I, but in their analyses, it was assumed that 
promising mitigation options would be based on enhancing the efficiency of paper production.  
Therefore, policies or international assistance programs that promote energy efficiency 
improvements, co-generation, fuel switching, greater use of recycled materials in paper 
production, and other such measures would be worth further exploration and development. 
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Figure 3.4.7  Pulp & Paper Sector CO2 Emissions 
Intensity in 2020 by Country, Pre-2000 Policy 
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III.E Transportation  
 
The transportation sector is a major source of GHG emissions, accounting for more than 20% of 
the global total.  This percentage is less, about 10%, in the developing world as a whole, but 
emissions from this sector are growing more rapidly than emissions from any other sector in 
developing nations. 
 
The transportation sector is characterized by the large number of emissions sources, as well as 
their mobility.  While many of these sources – motor vehicles, in particular – have shorter 
lifetimes than the typical emissions sources in other sectors (manufacturing plants), the 
underlying infrastructure that supports the transportation system is extremely long-lived and 
therefore has a significant impact on the GHG emissions in this sector. 
 
In both China and India, the transportation sector is characterized by rapid growth in personal 
vehicle ownership and use.  In China, this growth is largely occurring in the passenger car fleet.  
On the other hand, India’s personal transportation fleet is dominated by two-wheelers (mopeds, 
scooters and motorcycles), and Brazil is rapidly moving to a fleet composed almost entirely of 
flex-fuel vehicles. 
 
Emissions reductions in the transportation sector can be accomplished by reducing vehicle travel, 
changing the mode distribution of travel, increasing the fuel efficiency of transport vehicles, or 
switching to lower-emitting fuels (e.g., biofuels). 
 

III.E.1 Baselines 
There are a wide diversity of emissions sources in the transportation sector, so care must be 
taken in comparing the GHG emissions baselines presented here for China, India, and Brazil 
because they do not incorporate the same vehicle populations.  For example, the emissions 
baselines for China represent only the emissions from road passenger vehicles (trucks, buses, 
cars, and motorcycles).  Brazil’s and India’s baselines are more comprehensive, in that they 
include nearly all types of emissions sources – airplanes, ships, trains, buses, trucks, and cars – 
for both passenger and freight transport. 
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Figure 3.5.2  Transportation Sector CO2 Emissions 
by Country, Recent Policy Baselines   
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China’s CO2 emissions from road passenger vehicles quadruple from 195 MMT in 2000 to 676 
MMTCO2 and 816 MMTCO2 in 2020 and 2025, respectively, in the Pre-2000 Policy baseline. 
Alternatively, the emissions grow to only 643 MMTCO2 and 766 MMTCO2 in 2020 and 2025, 
respectively, under the Recent Policy scenario.  This slower growth in emissions is due to the 
implementation of the Maximum Limits of Fuel Consumption (L/100-km) for Passenger Cars, 
which is to increase fuel economy standards for new passenger cars by 28%, from 10.5 km/l in 
2000 to 13.4 km/l in 2010 and later years. 
 
In India, the Pre-2000 Policy baseline CO2 emissions is more than six times higher in 2020 (644 
MMTCO2) and nine times higher in 2025 (918 MMTCO2) than in 2000 (97 MMTCO2).  This 
emissions growth is significantly slower under the Recent Policy baseline, with emissions 
increasing to 547 MMTCO2 in 2020 and 754 MMTCO2 in 2025.  This is due to the Indian 
Integrated Transport Policy of 2002 and Vision 2020 Transport programs that are aimed to 
improve fuel economy and improve the rail shares for both passengers and freight.  The 2020 
level of emissions under the Recent Policy scenario is 15% below the BAU level, and this 
reduction is equivalent to the total Indian transportation sector emissions in 2000. 
 
The Pre-2000 Policy baseline in Brazil30 grows much less rapidly than those of China and India.  
Nevertheless, the Pre-2000 Policy baseline for Brazil increases from 106 MMTCO2 in 2000 to 
245 MMTCO2 in 2020 and 298 MMTCO2 in 2025.  Alternatively, under the Recent Policy 
baseline, Brazilian transportation sector emissions increase much slower to 202 MMTCO2 in 
2020 and 242 MMTCO2 in 2025.  The 2020 emissions level presents an 18% reduction from the 
BAU level, and the reduction is equivalent to almost 1.5 times the total emissions from light-
duty vehicles in 2000.  This significant reduction is largely due to the introduction of flex-fuel 
personal vehicles and natural gas taxis in the LDV fleet under the National Program of Fuel 
Alcohol (PROALCOOL), as well as changes in the fuel use,31 mode demand,32 and fuel 
efficiencies33 of heavy-duty vehicles (HDVs) administered under the Program to Promote 
Efficient Use of Non-Renewable Resources (CONPET).  It is important to note that the CO2 
emissions reductions from LDVs in the B2 Recent Policy baseline are limited by the supply of 
ethanol, which is unable to keep up with growing transportation demand after 2014. 
 
Table 3.5.1  Change in Transportation Sector Emissions due to Recent Policies in China, India and Brazil 
(MMTCO2) 

Scenario Year China India Brazil 
2000  195 97 106 

Pre-2000 Policy (BAU) Scenario  
2020  676 644 245 
2020  643 547 202 
Change from BAU  (34) (97) (44) Recent Policy Scenario 

% Change  -5% -15% -18% 

 
                                                           
30 For Brazil, all baseline and Advanced Options scenario results reported here are based upon a sum of the data for 
the light-duty vehicle, heavy-duty passenger vehicle, and heavy-duty freight vehicle fleets. 
31 Reduced use of diesel fuel, increased use of B5 biodiesel, and conversion of 50% of the bus fleets in Rio de 
Janeiro and São Paulo to natural gas. 
32 Increases in the occupancy rates of passenger vehicles (ships, subways, rail, and air) and the percentages of freight 
transported by ship, rail and air. 
33 For diesel trucks, diesel buses, and natural gas buses. 
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III.E.2 Mitigation Options 
 
China has analyzed three types of emissions mitigation options – improved vehicle technologies, 
bus rapid transit (BRT) systems, and fuel switching of buses from diesel to compressed natural 
gas (CNG) and liquefied petroleum gas (LPG) – that can potentially reduce CO2 emissions by 
216 MMTCO2 in 2020, nearly one-third of the Pre-2000 Policy baseline emissions in that year, 
676 MMTCO2.  Each of the vehicle technology options has a negative dollar-per-metric ton cost 
effectiveness,34 while those of BRT and fuel switching are positive. 
 
Table 3.5.2  China Transportation Marginal Abatement Cost Curve for 2020 

Mitigation Options 
Marginal Abatement 

Cost 
($/metric ton CO2e) 

Total Emission 
Reduction 

(MMTCO2e) 

Cumulative 
Emission Reduction 

(MMTCO2e) 
Transmission Technologies -18.4 19.1 19.1 

Vehicle Technologies -12.0 43.8 62.8 

Engine Technologies -11.9 136.0 198.9 

Engine-Transmission-Vehicle Technologies -11.1 3.8 202.7 

BRT 2.6 2.8 205.5 

Fuel Switch 21.5 10.3 215.8 

 
In India, the potential emissions reduction from the mitigation options modeled is 321 MMTCO2 
in 2021.  The cost-effective options include fuel switching, increasing the mode share of public 
transit, transporting a larger share of freight and passengers by rail, and improving the efficiency 
of the transportation system.   
 
Table 3.5.3  India Transportation Marginal Abatement Cost Curve for 2021 

Mitigation Options 
Marginal 

Abatement Cost 
($/metric ton CO2e) 

Total Emission 
Reduction 

(MMTCO2e) 

Cumulative 
Emission Reduction 

(MMTCO2e) 
Increased Share of Rail in Freight Movement + 
Rail Electrification  -2081 37 37 

Enhanced Share of Public Transport -7 36 73 

Switch from Conventional Fuels to CNG  -5 8 81 
Increased Share of Rail in Passenger 
Movement + Rail Electrification -4 13 94 

Efficiency Improvements 0 119 213 

Use of Biodiesel 130 108 321 

 
The mitigation options examined for this sector in Brazil include widespread penetration of flex-
fuel vehicles in the light-duty passenger fleet, fuel efficiency gains in these same vehicles 
spurred by the adoption of a fuel economy labeling program, and increased use of biodiesel in 
heavy-duty vehicles.35  This suite of mitigation options has a potential CO2 emissions reduction 
                                                           
34 The China analysis emphasizes that these numbers do not include costs related to technology transfer, R&D, 
management and training, retooling and infrastructure improvements. 
35 In the Brazil transportation analysis, the use of biofuels (biodiesel and ethanol) is assumed to have no associated 
CO2 emissions, since these are renewable resources.  On a life-cycle basis, there are some GHG emissions 
associated with the production of the feedstocks used for these fuels (e.g., CO2 from transportation and tillage, N2O 
from fertilizer use).  In Brazil, production of ethanol from sugarcane is very efficient and the surplus bagasse is used 
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in 2020 of 37.4 MMT, 15% of the corresponding Pre-2000 Policy emissions baseline of 245 
MMT.  The only cost-effective option is the vehicle labeling program, which reduces emissions 
of CO2 by 2.5% (6 MMT) in 2020. 
 
Table 3.5.4  Brazil Transportation Marginal Abatement Cost Curve for 2020 

Mitigation Options 
Marginal 

Abatement Cost 
($/metric ton CO2e) 

Total Emission 
Reduction 

(MMTCO2e) 

Cumulative 
Emission Reduction 

(MMTCO2e) 
Efficiency Gains -182.5 6.2 6.2 

Flex-Fuel Vehicles 30.1 21.2 27.4 

Biodiesel 107.62 10.0 37.4 

 

III.E.3 Mitigation Analysis for 2020 
 
In China, three GHG Advanced Options scenarios 
related to the cost-effectiveness of the associated 
emissions reductions were examined: (1) ≤ 
$0/MTCO2, (2) less than $5/MTCO2, and (3) all 
options considered feasible, regardless of cost.  They 
found that CO2 emissions from road passenger 
vehicles in 2020 would drop by 203 MMT, 206 
MMT, and 216 MMT in these scenarios, 
respectively, corresponding to emissions levels 30%, 
30%, and 32% below the Pre-2000 Policy emissions 
baseline level of 676 MMT.36 
 
In both Brazil and India, a single Advanced Options 
scenario was modeled that includes the best estimates 
of all feasible options and included some measures 

for which no cost analysis was performed.  In Brazil, this Advanced Options scenario included 

                                                                                                                                                                                           
as fuel, producing a significantly lower level of production emissions than in many other countries.  If these 
emissions are taken into account, net avoided emissions due to the use of ethanol total about 90% of gasoline carbon 
content, on average (Assessment of Greenhouse Gas Emissions in the Production and Use of Fuel Ethanol in Brazil, 
Macedo et al. 2004).  On the other hand, gasoline displaced by ethanol also has GHG emissions associated with 
activities and feedstocks needed for oil exploration, production, refining, storage and transportation of both oil and 
gasoline to reach final consumers.  On a life-cycle basis, the accurate result for net avoided emissions by an ethanol 
program will depend on the comparison of the two chains, and it can be estimated to be at least 90% or more of the 
gasoline carbon content.  As GHG emissions reductions are estimated in this exercise on an economy-wide basis, 
only GHG emissions reductions at the energy end-use point are accounted for, and therefore 100% of gasoline 
carbon content is accounted here as avoided emissions.  Emissions from land-use change for expanding sugar 
cane crop land would normally be included in the LULUCF sector, but in this report they have not been accounted 
for, assuming that new plantation areas will be located in already degraded land, after removal of original forest 
coverage due to deforestation driven by other reasons. 
36 The mitigation scenarios in the China transportation analysis do not include the full impact of measures already 
implemented (in the Recent Policy scenario), because it was assumed that the existing measures may have 
significant interactive effects with several of the additional mitigation options in Table 3.5.2.  The reductions shown 
here are therefore conservative estimates; the actual reductions that would be achieved would therefore likely be 
higher than 32%. 
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nearly complete turnover of the passenger car fleet to flex fuel vehicles, fuel switching from 
diesel to CNG in buses, and expansion of the HDV mitigation options imposed in the Recent 
Policy baseline.  This resulted in a 2020 emissions of 158 MMTCO2, 36% reduction in CO2 
emissions below the Pre-2000 Policy baseline level of 245 MMT.  For India, the Advanced 
Options scenario incorporated an increase in the mode share of rail transport for both passenger 
travel and freight transport, a smaller decrease in the share of passenger road travel by public 
transit than adopted for the two baselines, a 50% increase in the fuel economy of all motorized 
modes of transport, and higher use of electric rail in both passenger and freight movement.  This 
scenario reduced CO2 emissions in 2020 to 465 MMT, 28% less than the Pre-2000 Policy 
baseline emissions of 644 MMT in 2020. 
 
In general, the transportation sector is characterized by a very high potential for emissions 
reductions, at least 28% of the 2020 baseline emissions in all three countries (see table below).  
In China, only a small fraction of these reductions have positive costs, while India and Brazil did 
not have sufficient cost data to evaluate the cost effectiveness of many of the mitigation options 
included in their Advanced Options scenario. 
 
Table 3.5.5  Emission Impacts of Implementing Mitigation Options in the Transportation Sector  
Country China India Brazil China India Brazil 
Pre-2000 Policy Baseline Emissions in 2020 
(MMTCO2)37 676 644 245 100% 

Advanced Options Scenario Emissions Reduction from 
Baseline in 2020 (MMTCO2) 

Percentage Reduction from 
Baseline in 2020 

#1 (options < $0/metric ton CO2) 203 n/a n/a 30% n/a n/a 
#2 (options < $5/metric ton CO2) 206 n/a n/a 30% n/a n/a 
#3 (options < $10/metric ton CO2) n/a n/a n/a n/a n/a n/a 
#4 (all feasible options) 216 179 87 32% 28% 35% 

 

III.E.4 Policy Options 
Numerous policy options could enhance GHG mitigation efforts in the Chinese transportation 
sector; these include: 

• Fuel taxes or fiscal incentives for the purchase and use of lower-emitting vehicles; 
• Stricter criteria pollutant emissions standards or fuel economy standards for vehicles; 
• Voluntary assistance programs to provide training to the appropriate entities on topics 

such as vehicle maintenance, eco-driving, or automobile manufacturing; 
• Investment assistance for retooling of auto-manufacturing facilities or technology R&D; 
• Technology transfer and cooperation agreements; 
• Public sector financing for BRT; and 
• Improved urban planning. 

 
For India, fuel-switching from diesel fuel to biodiesel has been designated as a promising GHG 
mitigation option for the transportation sector.  Given the cost analysis performed here, biodiesel 
use would likely cost more than $100 per metric ton of CO2 emissions reduced and would 

                                                           
37 Note that the emissions baselines in the three countries do not encompass similar vehicle populations (see Section 
III.E.1), so care must be taken when comparing data in this table between countries. 
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therefore be facilitated by financial and technical assistance; the CDM is a possible source of 
funding, but no biofuel projects have yet been approved for the CDM, so the transaction costs 
associated with designing such a project may be high. 
 
For Brazil, the analysis included a wide variety of GHG mitigation options, and each could be 
promoted through effectively targeted government policy.  Unfortunately, cost data was not 
available for several of the mitigation options, so further analysis is needed to determine the 
extent to which such measures might be implemented without any type of policy assistance. 
Among those options for which cost data was available, potential policies that could be adopted 
to enhance their effectiveness include: 

• Regulation of the flex-fuel vehicle program – production of these vehicles is currently 
driven by automakers and consumer demand, so there is no guarantee that it will continue 
into the future. 

• Incentives to expand ethanol production – this would allow continued use of a 25% 
ethanol blend of gasohol for a longer period of time (as travel demand increases), as well 
as perhaps permitting year-round use of pure ethanol or an increase in the ethanol fraction 
of the gasohol blend. 

• Adoption of stricter CONPET targets for reducing the specific consumption of diesel 
fuel. 

• Expansion of the PROBIODIESEL program goals, perhaps coupled with incentives or 
financial assistance – this would make biodiesel production more cost-effective and 
facilitate a greater penetration of this type of fuel. 

• Fuel efficiency standards for both light-duty and heavy-duty vehicles. 
• Increased use of the CDM – Brazil identified three projects as having potential for CDM 

credit generation – increasing the use of biodiesel fuel, switching from diesel fuel to 
natural gas in buses, and expansion of the subway systems in Rio de Janeiro and São 
Paulo. 
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III.F Residential  
 
Residential sector analyses were conducted in Brazil and India.  In India, about 1 billion people 
consumed 951 PJ, or approximately 0.93 GJ per capita, of conventional fuels (kerosene, LPG, 
and electricity produced by fossil fuel combustion) for cooking, lighting, and water heating in 
2000, which resulted in CO2 emissions of 46.5 MMT.  While more traditional fuels (wood, dung 
and other biomass) currently comprise the majority of the residential energy use in India, the 
traditionally dominant fuel sources, such as firewood and kerosene, are slowly being replaced by 
more efficient sources like LPG and electricity.  In Brazil, about 170 million people (largely 
living in urban areas) consumed 866 PJ in 2000 for lighting, heating and cooling, cooking, and 
the use of other appliances. Electricity, LPG and wood each accounted for about a third of this 
residential energy use. 
 

III.F.1 Baselines 
Under the Pre-2000 Policy scenario in India, residential electricity and LPG use increase, while 
the use of kerosene and traditional fuels (e.g., firewood and chips, dung cake) decrease, which 
together cause the residential energy use (excluding electricity) to decrease from 6834 PJ in 2000 
to 6327 PJ in 2020 and to 6186 PJ in 2025.  Despite this drop in energy use, the move away from 
biomass-based fuels causes the Indian residential sector’s CO2 emissions to increase from 46 
MMTCO2 in 2000 to 76 MMTCO2 in 2020 and 84 MMTCO2 in 2025.  In the Recent Policy 
scenario, a policy to provide electricity to all households by 2012 is implemented, the 
government continues to subsidize kerosene and LPG, compact fluorescent lighting is assumed 
to achieve 100% market penetration by 2036, and an increasing share of energy-efficient 
electrical appliances are utilized.  Thus, non-electric residential energy use decreases further to 
6035 PJ in 2020 and 5489 PJ in 2025 for this baseline.  However, because traditional fuels that 
are carbon-neutral are being replaced by LPG and kerosene (and to a lesser extent by electricity), 
the Indian residential sector’s CO2 emissions under the Recent Policy case subsequently increase 
to 80 MMTCO2 in 2020 and 95 MMTCO2 in 2025. 
 

 
 
In Brazil, the Pre-2000 Policy baseline projects the residential sector’s use of natural gas, 
biomass, and electricity to increase to 1662 PJ in 2020 and 2055 PJ in 2025.  This increase is due 
to a 65% increase in the number of households, growth in the percentage of households 
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connected to the gas distribution grid, increased use of LPG in place of biomass for cooking in 
rural areas, and more extensive ownership of electrical appliances.  Subsequently, CO2 emissions 
from the Brazilian residential sector are projected to more than double from the 2005 level (17 
MMTCO2) to 36 MMTCO2 in 2020 and 46 MMTCO2 in 2025.  Brazil’s Recent Policy scenario 
differs from its Pre-2000 Policy scenario in its increased ownership of gas stoves and water 
heaters, further expansion of the natural gas grid, and significantly lower biomass consumption 
in rural areas due to government incentives for LPG use.  As a result, residential energy use only 
increases to 1322 PJ in 2020 and 1530 PJ in 2025, and the corresponding CO2 emissions rise to 
only 23 MMTCO2 in 2020 and 25 MMTCO2 in 2025.  
 
Table 3.6.1  Change in Residential Sector Emissions due to Recent Policies in India and Brazil 
(MMTCO2) 

Scenario Year India Brazil 
2000  47 N/A 

Pre-2000 Policy (BAU) Scenario  
2020  76 36 
2020  80 23 
Change from BAU  4 (13) Recent Policy Scenario 

% Change  +6% -37% 

 

III.F.2 Mitigation Options 
The Advanced Options scenario for India considered the following GHG mitigation options (in 
addition to the Recent Policy baseline’s electrification of all households by 2012): 

• 100% use of LPG for cooking in rural areas by 2036, while in urban areas, 90% of 
cooking needs are met by LPG and 10% by electricity in that year; 

• Use of compact florescent lights for all lighting demand by 2016; and 
• 100% adoption of more energy efficient fans, air conditioners, coolers and refrigerators 

by 2036. 
 
In Brazil, the Advanced Options scenario considered the following additional GHG mitigation 
option beyond those included in the Recent Policy scenario: 

• An energy efficiency labeling program requiring the highest efficiency for all new 
models of gas household appliances (i.e., stoves and water heaters). 

 

III.F.3 Mitigation Analysis for 2020 
For the Advanced Options scenario in India, non-
electric residential energy use is projected to decrease 
to 5,132 PJ in 2020.  This would produce residential 
CO2 emissions of 84 MMTCO2 in 2020.  
Implementing these mitigation options in India would 
reduce consumption of kerosene and traditional fuels 
by about 1500 PJ with respect to the Pre-2000 Policy 
baseline in 2020.  However, replacement of carbon-
neutral traditional fuels by LPG in the mitigation 
scenario causes Indian residential sector CO2 emissions 
to increase by 8 MMTCO2 in 2020 with respect to the 
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same baseline.  
 
In Brazil, the residential energy use in the Advanced Options scenario is projected to increase to 
1228 PJ in 2020, producing CO2 emissions of 25 MMT.  In comparison to the Pre-2000 Policy 
baseline scenario, implementing this Advanced Options scenario in Brazil would save about 435 
PJ in 2020 and reduce CO2 emissions by 11 MMT. 
 
Table 3.6.2  Emission Impacts of Implementing Mitigation Options in the Residential Sector  
Country China India Brazil China India Brazil 
Pre-2000 Policy Baseline Emissions in 2020 
(MMTCO2) 

n/a 76 36 100% 

Advanced Options Scenario Emissions Reduction from 
Baseline in 2020 (MMTCO2) 

Percentage Reduction from 
Baseline in 2020 

#1 (options < $0/metric ton CO2) n/a n/a n/a n/a n/a n/a 
#2 (options < $5/metric ton CO2) n/a n/a n/a n/a n/a n/a 

#3 (options < $10/metric ton CO2) n/a n/a n/a n/a n/a n/a 

#4 (all feasible options) n/a -8 11 n/a -11% 31% 
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III.G Commercial 
 
The commercial sector is comprised of various institutional and industrial establishments, such 
as banks, hotels, restaurants, shopping centers, offices, hospitals, etc.  Most commercial energy 
use occurs largely in the form of electricity use for lighting and air conditioning and natural 
gas/LPG/biomass use for heating, cooling, and cooking.  Energy used for public services, such as 
traffic signals and sewer systems, is also classified as commercial-sector energy consumption. 
  

III.G.1 Baselines 
Indian commercial sector energy use of 259 PJ in 2000 was mostly from electricity (60%), 
followed by kerosene (23%) and LPG (17%); the associated GHG emissions38 were 7.2 
MMTCO2 (61% from kerosene and 39% from LPG).  In the Pre-2000 Policy baseline scenario, 
commercial sector energy use in India increases to 894 PJ in 2020 and 1250 PJ in 2025, driven 
by significant increases in the use of LPG (4.7 times higher in 2020 and 6.5 times higher in 
2025) and electricity (4.0 times higher in 2020 and 5.8 times higher in 2025), while kerosene use 
remains at the 2000 level.  This greater consumption of LPG causes the Indian commercial sector 
CO2 emissions increase from 7.2 MMT in 2000 to 18 MMT in 2020 and to 22 MMT in 2025.  
The Pre-2000 Policy and Recent Policy baselines for India are the same because no policies 
affecting commercial-sector GHG emissions were implemented between the beginning of 2000 
and the end of 2005. 
 
Brazilian commercial sector energy use was 344 PJ in 2000, mostly from electricity (80%) but 
including some fuel oil, LPG and diesel.  CO2 emissions from this sector in 2000 were 4.9 MMT 
(39% from fuel oil, 31% from LPG, and 12% from diesel).   
 

 
 
For the Pre-2000 Policy baseline scenario, Brazil’s commercial sector energy use increases to 
360 PJ in 2020 and 390 PJ in 2025, largely driven by increased use of LPG (increases of 50% in 
2020 and two-thirds in 2025, with respect to 2005 levels) and electricity.  Subsequently, the 
Brazilian commercial sector CO2 emissions increase to 11.7 MMTCO2 in 2020 and 12.6 
MMTCO2 in 2025, largely driven by LPG (~45%) and fuel oil (~36%) use.  Brazil’s Recent 
                                                           
38 This does not include emissions from electricity use. 
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Policy Scenario included the existing penetration goals of the RELUZ program to make public 
lighting and buildings more energy efficient, a number of ongoing energy efficiency 
improvement measures39 and expected growth in the total floor area of service sector operations.  
Under the Recent Policy Scenario, Brazil’s commercial sector energy use increases to 280 PJ in 
2020 and 270 PJ in 2025, reflecting increased use of natural gas and decreased use of LPG 
compared to the Pre-2000 Policy scenario.  Subsequently, the commercial sector CO2 emissions 
increases to 8.0 MMTCO2 in 2020 and drops to 7.8 MMTCO2 in 2025. 
 
Table 3.7.1  Change in Commercial Sector Emissions due to Recent Policies in India and Brazil 
(MMTCO2) 

Scenarios Year India Brazil 
2000  7 N/A 

Pre-2000 Policy (BAU) Scenario  
2020  18 12 
2020  18 8 
Change from BAU  0 (4) Recent Policy Scenario 

% Change  0% -32% 

 

III.G.2 Mitigation Options 
In India, the Advanced Options scenario assumes that 
the use of compact florescent and tube lighting rises 
from 50% of commercial lighting in 2001 to 75% in 
2036, while kerosene and traditional fuel use declines 
from 60% of total energy demand in 2001 to 23% in 
2036.  The resulting commercial energy use is 
projected to increase to 772 PJ in 2020, with the 
associated commercial CO2 emissions being 18 
MMTCO2.  In comparison to the Pre-2000 Policy 
baseline scenario, implementing these mitigation 
options in India would save about 122 PJ in 2020.  
Replacement of carbon-neutral traditional fuel by LPG 
in this Advanced Options scenario causes the Indian 
commercial sector CO2 emissions to slightly exceed 
(by 0.6 MMT) the Pre-2000 Policy baseline emissions in 2020.  
 
In Brazil’s Advanced Options scenario – which included 100% penetration of the RELUZ 
Program to retrofit public lighting and buildings, greater improvements in energy efficient 
technologies than in the Recent Policy baseline, and fuel switching – the commercial sector’s 
energy use is projected to increase to 260 PJ in 2020, corresponding to CO2 emissions of 8.6 
MMT in 2020.  With respect to the Pre-2000 Policy baseline, implementing these mitigation 
options in Brazil would save about 100 PJ and lower emissions by 3 MMTCO2 in 2020. 
 
 

                                                           
39 Building retrofits, thermal accumulation measures, efficiency gains in air conditioners, and co-generation. 
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Table 3.7.2  Emission Impacts of Implementing Mitigation Options in the Residential Sector  
Country China India Brazil China India Brazil 
Pre-2000 Policy Baseline Emissions in 2020 
(MMTCO2) 

n/a 18 12 100% 

Advanced Options Scenario Emissions Reduction from 
Baseline in 2020 (MMTCO2) 

Percentage Reduction from 
Baseline in 2020 

#1 (options < $0/metric ton CO2) n/a n/a n/a n/a n/a n/a 
#2 (options < $5/metric ton CO2) n/a n/a n/a n/a n/a n/a 

#3 (options < $10/metric ton CO2) n/a n/a n/a n/a n/a n/a 

#4 (all feasible options) n/a -1 3 n/a -4% 27% 
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III.H Forestry 
 
Forests are a dominant landscape in many developing countries: they account for a sizeable 
portion of the land, support a variety of economic uses, and harbor a large portion of the world’s 
biodiversity.  In Brazil, primary forest accounts for 415 million hectares (Mha), representing 
approximately 49% of the total national territory (FAO, 2005).  In India, the forest cover is about 
68 Mha—accounting for about 21% of the geographic area of the country.   
 
Forests are also a key component of efforts to reduce GHG emissions.  They can constitute net 
sources of emissions to the atmosphere—through deforestation, forest degradation, and other 
associated practices—but can also contribute to climate change mitigation through afforestation 
or reforestation activities, carbon removal enhancement through forest management, and 
conservation of existing forests.  Forests currently sequester a significant amount of global 
carbon—e.g., the Brazilian Amazonia forest vegetation contains about 257 billion tons of CO2 
(Houghton et al., 2001)—and global emissions from land-use change are estimated at around 5.1 
to 11.0 billion tons CO2 per year. 
 
Deforestation is significant in Brazil—with an average annual loss in forest area from 1990-2000 
of 2.7 Mha per year and 3.1 Mha per year from 2000 to 2005 (FAO, 2005).  As a result, GHG 
emissions associated with deforestation were estimated to account for 75% of Brazil’s GHG 
emissions in 1994 (MCT, 2004).  The majority of these emissions occur in the Amazonia 
region—59%—followed by the Cerrado region—26% (MCT, 2004).  The majority of this 
deforestation has occurred in the States of Mato Grosso and Para, followed by Rondonia (Figure 
3.8.1). 

 
Cattle ranching is currently the 
main driver of deforestation, 
accounting for 70-80%.  
Agriculture through annual crop 
and soybean cultivation account 
for around 20%, while  
grilagem40 of public lands, wood 
industry, infrastructure 
development, agrarian reform, 
and illegal logging account for 
relatively insignificant 
amounts.41 
 
In contrast, deforestation in India 
is not a major issue, as the forest 

                                                           
40 Grilagem refers to sale of public lands. 
41 It is important to note that the main drivers of deforestation have changed over time, with deforestation in the 60’s 
and 70’s driven largely by government policies designed to open up Amazonia for human settlement and to 
encourage certain types of economic activities. 
  

0

2.000

4.000

6.000

8.000

10.000

12.000

14.000

19
88

19
89

19
90

19
91

19
92

19
93

19
94

19
95

19
96

19
97

19
98

19
99

20
00

20
01

20
02

20
03

20
04

20
05

*

R
at

e 
of

 g
ro

ss
 d

ef
or

es
ta

tio
n 

(in
 k

m
2)

Acre
Amazonas
Amapa
Maranhao
Mato Grosso
Para
Rondonia
Roraima
Tocantins

Figure 3.8.1  Distribution of the rate of gross deforestation among the 
nine Amazonian states (INPE, 2005). 



 

Center for Clean Air Policy page 48 
 

cover has stabilized at around 64 to 68 Mha and there is no current large-scale deforestation.  
Degradation, on the other hand, is a significant factor in dense forest area due to biomass 
extraction demands.   
 
Given the size of the forest sector and the relative share of the sector in the GHG emissions, this 
project focused primarily on analysis of forestry in Brazil with some initial insights from India.  
In the following section, we summarize the results of the GHG baseline analysis in Brazil, and to 
a lesser extent India, and the opportunities for emissions reductions. 
 

III.H.1 Baselines 
The development of a reliable and credible baseline for deforestation (or associated emissions) is 
full of difficulties because of the multitude of factors that drive deforestation, the complex 
interaction, and the uncertainties.  This section summarizes the results of the baseline analysis 
conducted in Brazil. 
 
Models of land-use have been developed for the Brazilian Amazon to assess the impact on forest 
cover as a result of various factors—such as infrastructure development and agricultural 
production.  These models use historical rates and assume that the international market forces 
will continue to play an important role in this process.  This project drew upon the results of 
these modeling exercises.  Eight distinct scenarios were developed by Silveira et al. (2005), with 
the following characteristics (Table 3.8.1). 
 

Table 3.8.1  Scenarios of future deforestation rates for the Brazilian Amazonia (Silveira et al., 2005) 
Scenarios Assumptions 

Scenario 1: Business as usual 
Projections result from the product between the previous rate and the mean annual 
rate between 1997 and 2002, adding an acceleration factor42 that takes into 
account the expected impact on deforestation from road pavings in the region. 

Scenario 2: Governance 

- Projections assume a inverted U shape, reflection of a gradual increase in 
governance in Amazonia. 
- Assume that deforestation in forest areas in private lands does not exceed 50%. 
Under Scenario 1, this is increased to 85%. 
- Assume that the network of protected areas will be expanded, as planned under 
the ARPA (Amazon Region Protected Areas) program, and that the areas will be 
fully protected. Under scenario 1, they can loose up to 40% of the original forest 
cover. 

Scenario 3: Intermediary Scenario Governance scenario without new road paving 
Scenario 4: Intermediary Scenario Governance scenario without ARPA’s areas43 

Scenario 5: Intermediary Scenario Business as usual but including ARPA’s areas and ostensive environmental 
enforcement of the protected areas 

Scenario 6: Intermediary Scenario Business as usual without ARPA’s areas, with ostensive environmental 
enforcement of the present protected areas 

Scenario 7: Intermediary Scenario 
Business as usual but including ARPA’s areas, without ostensive environmental 
enforcement of the protected areas that can lead up to 40% loss of the original 
forest cover 

Scenario 8: Historical Scenario Recent trend in deforestation increase 
                                                           
42 The impact of road paving in deforestation is empirically estimated by comparing the historical relationship 
between the deforested area and the mean density of the paved roads in municipalities in the Brazilian Amazonia. 
43 The ARPA program is an initiative of the Brazilian government (Ministry of Environment) in partnership at state 
and municipality levels, the World Bank, KfW/GTZ, WWF and others. Its objectives include the identification of 
priority areas, proposal and declaration of new Conservation Units, their implementation, and maintenance over 
time.  



 

Center for Clean Air Policy page 49 
 

Under the business as usual scenario, the annual rate of deforestation in Brazil increases until 
around 2030—from the present 23,000 km2 per year to around 40,000 km2—and declines 
gradually afterwards.  In contrast, under the governance scenario, the rates follow a descending 
trajectory, due to the increasing state of governance through the basin.  Figure 3.8.2 shows the 
results of the deforestation under both scenarios. 
 

 
 
The varying scenarios imply different GHG emissions related to the deforestation levels.  Under 
the BAU scenario, 117 ± 29 billion tons of CO2 are emitted by 2050 (Silveira et al., 2005).  
Under the Governance Scenario, 55 ± 15 billion tons CO2 would be emitted by 2050 (Silveira et 
al., 2005). 
 

III.H.2 Mitigation Options 
Two main types of options for mitigation and sequestration were considered in this analysis: 
afforestation and reforestation, and forest conservation. 
 

III.H.2.i Afforestation/Reforestation 
The development of a reliable and credible baseline for deforestation (or associated emissions) is 
full of difficulties because of the multitude of factors that drive deforestation, the complex 
interaction, and the uncertainties.  This section summarizes the results of the baseline analysis 
conducted in Brazil. 
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Figure 3.8.2  Projected deforestation until 2050, under different scenarios for the Brazilian Amazonia (Silveira et 
al., 2005). 
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Models of land-use have been developed for the Brazilian Amazon to assess the impact on forest 
cover as a result of various factors—such as infrastructure development and agricultural 
production.  These models use historical rates and assume that the international market forces 
will continue to play an important role in this process.  This project drew upon the results of 
these modeling exercises.  Eight distinct scenarios were developed by Silveira et al. (2005), with 
the following characteristics (Table 3.8.2). 
 
Table 3.8.2. Estimates of Afforestation/Reforestation Options in Brazil 

Land Types Available 
Land (Mha) 

Sequestered 
Carbon (Mt CO2) 

Mitigation Cost 
($/ton C) Source 

Degraded Lands in the Brazilian 
Amazonia 20 2.2 - 2.75 16 - 20 Nobre, 2001 

Ecological Purposes (Corrective 
Reforestation) 2.8   Floram Project, 1990 

Mixed Reforestation 2.9   Floram Project, 1990 
Industrial / Commercial Uses 14.4   Floram Project, 1990 

   
Estimates in India also show a large land area—of around 52 Mha—that is potentially suitable 
for reforestation/afforestation of land is potentially available for reforestation/afforestation44 
given its current land-use pattern (Table 3.8.3). 
 
Table 3.8.3  Land use pattern of India 
Land-Use Type Million Hectaries 
Permanent Pasture and grazing land 11.04 
Land under miscellaneous  tree crops and groves 3.57 
Culturable waste land 13.94 
Fallow land and other than current fallows 9.89 
Current fallows 13.32 

Source: FSI 2000. State of Forest Report 1999. 

 
An assessment of the amount of carbon that can be sequestered in India under various plantation 
options (Ravindranath et al, 2001), estimated a total mitigation potential until 2030 of 1720 Mt 
carbon (Table 3.8.4). 
 
Table 3.8.4  Mitigation Potential Under Commercial Scenario in India 

Mitigation Options 
Mitigation potential/ha for 

30 years (t C/ha) 
Area to be 

planted (Mha)  
Total Mitigation 
potential (Mt C) 

Short rotation 25 19 475 
Long rotation 72 9.3 670 
Bioenergy plantations 25 23 575 
Total   1,720 

 

                                                           
44 Afforestation and reforestation activities are the only activities eligible for the CDM during the first commitment 
period. 
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III.H.2.ii Forest Conservation 
Given the current and potential deforestation, estimated to occur in Brazil, forest conservation 
(normally associated with slowing or halting deforestation) can help avoid emissions associated 
with deforestation, and for many is seen as a major mitigation opportunity for Brazil (Fearnside, 
1998).  Nobre (2001) provides a hypothetical example to show that avoided deforestation has a 
clear potential as a carbon emission reduction measure.   For instance, the reduction of 15% to 
20% of the annual rate of deforestation in the Brazilian Amazonia would result in a drop in the 
rate of deforestation of approximately 3,000 km2 (300,000 ha)—an emissions reduction of 
approximately 30 – 40 Mt carbon per year.  Another estimate suggests that a reduction of 50% in 
the rate of deforestation in the Brazilian Amazon would conserve 125 MtC per year (IPCC, 
2001).  Taking the results of the baseline modeling scenarios presented above (Silveira et al., 
2005), going from the business as usual rate of deforestation to the Governance rate of 
deforestation could avoid 62 ± 15 billion tons of CO2 through 2050.    
 
Brazil has implemented several voluntary domestic actions that have a direct effect in reducing 
emissions from deforestation, particularly in the Brazilian Amazonia, including the 
Comprehensive Plan of Action for the Prevention and Control of Deforestation in the Legal 
Amazonia (Plano de Ação para a Prevenção e Controle do Desmatamento na Amazônia Legal) 
(Casa Civil, 2004).  Full implementation of key elements of this plan, in particular, finalization 
of the territorial zoning was identified as important in helping address deforestation.  The 
creation of new Conservation Units and Areas of Permanent Protection is another means by 
which the Brazilian government envisages decreasing the rate of deforestation in Amazonia.  
Expansion of some programs which have demonstrated success in providing alternative forms of 
income to local communities, such as the Pilot Program for the Conservation of Tropical Forests 
(PPG-7), could be expanded to a broader scale.  
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III.I Agriculture 
 
The agricultural sector plays a major role in the economic and environmental landscapes of 
Brazil and India.  In Brazil, agribusiness represents 36% of the national Gross Domestic Product 
(GDP), 37% of all employment, and 43% of the national exports.  Similarly, agriculture is an 
extremely important sector in India.  It contributes 25% of GDP, provides 57% of employment, 
sustains 69% of the population, and produces all the food and nutritional requirements of the 
nation as well as important raw materials for some major industries.   Agriculture is also a major 
source of GHG emissions.  In 1994, the sector accounted for 25% of total emissions (excluding 
LUCF) in Brazil and 28% in India. 
 
Agriculture is the only sector for which the analyses consider emissions of non-CO2 GHGs 
because the dominant source of agricultural GHG emissions in both India and Brazil is methane 
produced by enteric fermentation in livestock.  Methane from rice cultivation and manure 
management in India and N2O emissions from agricultural soils in both countries are significant 
as well.  Various agricultural operations—such as threshing, harvesting, land preparation, and 
irrigation—account for the energy demand and are the primary sources of CO2 emissions in this 
sector.  In India, agricultural energy demand is mainly associated with land preparation and 
irrigation. 
 
In this section, we summarize the emissions baseline estimates for the agriculture sector in Brazil 
and India and then outline the mitigation options identified in this project and the results of the 
mitigation analysis.  In this discussion, it is important to note that neither country’s baseline is a 
comprehensive agricultural baseline; the two baselines differ in the emissions sources and 
greenhouse gases considered, so they represent different proportions of the agricultural GHG 
emissions in the two countries, and a direct comparison of the Brazil and India emissions 
baselines is not warranted. 
 

III.I.1 Baselines 
The Brazilian emissions baselines include only methane emissions associated with beef and dairy 
cattle, and a number of alternative baselines were calculated for this industry.  The first, the S1 
baseline, follows some current trends—constant internal demand and increasing exports of 
Brazilian beef—but includes a degree of natural evolution in cow reproductive performance, 
cattle mortality rates, and feed quality.  The other baselines differ from the S1 baseline in the 
following respects: 

• S2 baseline: assumes an increase in per capita beef consumption in Brazil. 
• S3 baseline: assumes no increase in Brazilian beef exports. 
• S4 baseline: assumes a larger decrease in the mortality rate of calves and larger 

improvements in feed quality. 
• S5 baseline: assumes higher cow reproductive performance and the same improvements 

in feed quality as in the S4 baseline. 
• S6 baseline: assumes the same calf mortality rates and feed quality as the S4 baseline, as 

well as the cow reproductive performance in the S5 baseline. 
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In India, baseline GHG emissions were estimated separately for methane produced by rice 
farming, methane from livestock, N2O emissions from soils, and CO2 resulting from diesel fuel 
consumption in pumps and farm equipment.  However, the emissions from these various sources 
were not combined into a single emissions baseline.  Energy demand due to electricity use was 
also calculated, but the associated GHG emissions are not accounted for in the agricultural sector 
analysis.   
 

III.I.1.i Production 
The size of the Brazilian bovine population required for sustainable slaughter grows from about 
150 million head in 2000 to 213 million, 250 million, 192 million, 204 million, 186 million, and 
171 million head in 2020 for the S1, S2, S3, S4, S5, and S6 baselines, respectively.  In India, the 
percentage of land under ground water, 43% of India’s geographic area, remains constant for the 
Pre-2000 Policy baseline.  In the Recent Policy baseline, this agricultural area increases by 
1.11% per year. 
 

III.I.1.ii GHG Emissions  
For the S1-S6 baselines described above, methane emissions from the Brazilian cattle industry 
increase from 171 MMTCO2e in 2005 to 200 MMTCO2e, 232 MMTCO2e, 180 MMTCO2e, 196 
MMTCO2e, 184 MMTCO2e, and 188 MMTCO2e, respectively, in 2020.  
 

 
 
The Pre-2000 Policy baseline for India assumes a constant area of irrigated agricultural land and 
a decreasing percentage of diesel pumps used in irrigation (from around 30% in 2000 to 21% in 
2031), but the cropping intensity of land use increases. Thus, between 2000 and 2020, the Pre-
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2000 Policy baseline emissions in India show a 
3% rise in methane emissions from rice fields 
(from 4.3 MMT CH4 in 2000 to more than 4.4 
MMT CH4 in 2020), a 10-15% increase in CH4 
produced by livestock (from about 11 MMT to 
near 12.5 MMT), and a 50% growth in emissions 
of N2O from soils (from 0.2 MMT N2O to almost 
0.3 MMT N2O).  Over this same timeframe, 
electricity use rises from 81 TWh to 108 TWh, 
due to more intense land use and the replacement 
of diesel pumps with electric pumps, while CO2 
emissions from diesel fuel consumption also 
grow (by 10%), increasing from 25 MMTCO2 in 
2000 to 27.5 MMTCO2 in 2020.  In India, the 
Pre-2000 Policy and Recent Policy baselines 
differ only in their consumption of electricity and 
diesel fuel.  In the Recent Policy baseline, each experiences a greater increase because the land 
area requiring irrigation is expanding by 1.11% per year, causing electricity use to rise to 129 
TWh and diesel emissions to grow to 31 MMTCO2 in 2020.  However, the electricity use and 
emissions growth due to this more extensive land use is partially offset in the Recent Policy 
baseline by a 25% penetration rate of diesel and electric pumps that are more efficient than those 
used in the Pre-2000 Policy baseline. 
 

III.I.2 Mitigation Options 
For this report, MAC curves were only developed for the Brazilian agricultural sector.  Brazil 
analyzed two GHG mitigation options in the agriculture sector—grain supplementation to lower 
enteric fermentation in cattle and the use of biodigesters to convert manure from cattle, swine 
and poultry into biogas for use as a fuel.  The cost effectiveness of feed supplementation is 
presented in the table below.  A cost analysis of biodigesters was not performed, but it is 
important to note that this option is not cost-effective for small farmers because they cannot 
produce sufficient quantities of biogas to recoup the associated biodigester installation and 
operating costs.  However, such projects are viable on a larger scale and are being implemented 
as CDM projects in Brazil. 
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Table 3.9.1  Brazil Agriculture Marginal Abatement Cost Curve  
 Beef finishing Beef stocking Beef cows Dairy cows 
Calving Rate Response (percentage points) - - +10 +5 
Liveweight Gain (g/day) +400 +300   
Milk Production (kg/day) - - - +2.5 
Daily Cost (US$) 0.31 0.31 0.31 0.40 
Period (days) 140 150 45 300 
Market Penetration 35% 15% 15% 80% 
Technical Applicability 19% 25% 35% 6% 
Reduction Efficiency 47% 42% 14% 33% 
Capital Cost (US$/head) 4.6 4.6 4.6 9.5 
Annual Cost (US$/head) 39.2 42.0 12.6 120.0 
Benefits (US$/head) 44.8 36.0 14.0 152.5 
Incremental Reduction (MTCO2e/head) 0.5 0.35 0.2 0.6 
Break Even Price (US$/MTCO2e) (2.0) 30.5 20.9 (37.7) 
Incremental Reduction (MMTCO2e) 7.12 2.12 4.23 6.4 
Total Cost/Savings (million US$) (35.5) 1250.9 1211.6 (490.1) 
% Baseline 4.2% 1.2% 2.5% 3.8% 
Sum of Reductions 7.1 9.2 13.5 19.9 
%Baseline 4.2% 5.4% 7.9% 11.7% 

 

III.I.3 Mitigation Analysis for 2020 
Grain supplementation in the beef finishing, beef stocking, 
beef cow, and dairy cow populations in Brazil has a 
potential to reduce methane emissions from enteric 
fermentation by almost 20 MMTCO2e, or 12% below 2004 
levels, per year.  If this strategy is applied only to those 
populations for which it is cost-effective—beef finishing 
cattle and dairy cows—the associated emissions reduction 
is 13.5 MMTCO2e (8% below 2004 levels). 
 
In India, an Advanced Options scenario was analyzed 
which was similar to the Recent Policy baseline in terms of 
irrigated land area but assumes 100% penetration of more 
efficient diesel (and electric) pumps by 2031.  This 
mitigation option reduced the emissions of CO2 from 
diesel use in this sector to 22 MMT in 2020, a 22% 
reduction from the Pre-2000 Policy baseline emissions. 
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IV. Analysis of International Policy Options 
In addition to the successful implementation of the Kyoto Protocol, attention is now focused on 
the structure of the international regime “post-2012” (after the first commitment period of the 
Kyoto Protocol).  How the international approach will develop is the subject of significant 
attention both in informal dialogues45 and inside the formal UNFCCC process46.  The latter will 
proceed in three processes as agreed at the annual United Framework Convention for Climate 
Change (UNFCCC) meeting in Montreal 2005. 
• “Kyoto Process” where Parties agreed to “consider further commitments” for developed 

countries for the post-2012 period as required under Article 3.9 of the Kyoto Protocol and 
beginning the review of the Kyoto Protocol under Article 9. 

• “Convention Process” where Parties created a two-year dialogue on “long-term cooperative 
action to address climate change by enhancing implementation of the Convention”.  This 
dialogue is focused around: (1) advancing development goals in a sustainable way; (2) 
addressing action on adaptation; (3) realizing the full potential of technology; and (4) 
realizing the full potential of market-based opportunities. 

• “Deforestation Process” where Parties will discuss reducing emissions from deforestation in 
developing countries, including through “policy approaches and positive incentives”. 

 
The discussions on the shape of the post-2012 climate regime are focused around three key 
elements: (1) the global GHG emissions budget based on the desired stabilization target (e.g., 
450 ppm) over a mitigation timeframe; (2) distribution of the global emissions budget to the 
various entities; and (3) design of the “architectural elements” for achieving the emissions 
reduction goals for various entities.  This section focuses on the architectural elements, 
especially those relevant to the post-2012 developing country response, including: 

• Sectoral Approach 
• Evolving CDM 
• National carbon intensity targets 
• National growth limits 
• Sustainable Development Policies and Measures 

 
We briefly describe these proposals and discuss insights we draw from the analytical results from 
Brazil, China, and India for key aspects of these proposals.47  The discussion will not be based on 
which countries will undertake emissions reductions and over what timeframe, but will instead 
assume for purposes of this analysis that these three countries could undertake the various 
architectural options discussed in this section. It is also assumed these are implemented prior to 
2020 since the analysis focused on emissions projections and mitigation options prior to that 
date.  

                                                           
45 See discussions in: CCAP’s Dialogue on Future International Actions to Address Global Climate Change 
(www.ccap.org/international/future.htm), the Future International Action on Climate Change (www.fiacc.net), and 
the Ministerial meetings in Greenland, South Africa, and Switzerland. 
46 At the 24th Subsidiary Body meeting of the UNFCCC, Parties began discussions under both the “Kyoto” and 
“UNFCCC” processes. 
47 For some approaches which are under discussion it was not possible to evaluate the implications for these three 
countries. 
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IV.A Sectoral Approach 
There are essentially two types of sector-based programs: country- or industry-based.  In a 
country-based approach, individual countries would be responsible for ensuring that the 
emission levels of the covered sectors meet the defined program goals/targets.  In an industry-
based approach, a transnational target would be established for the entire sector’s operations 
throughout the world or some subset of all operations, and the participating industry would be 
responsible for reaching the target.  In our case, we will focus on a country-based sectoral 
approach called “Sector-Based No-Lose Target” developed by the Center for Clean Air Policy 
(Schmidt et al., 2006a). By focusing on key sectors in developing countries, this approach 
combines advantageous aspects of both country- and industry-based approach: it addresses 
competitive concerns as the industry-based approach and fits within the traditional regulatory 
control of individual government as the country-based approach (Schmidt et al., 2006a).48     
 
Under the Sector-Based No-Lose Target approach, key developing countries would pledge to 
achieve a voluntary, sector-wide “no lose” GHG intensity target (e.g., GHG / ton of steel) in 
major energy and heavy industry sectors (i.e., electricity, cement, steel, oil refining, pulp/paper, 
and aluminium).   If a participating country does not meet the voluntary target, no sanctions are 
accrued. Emissions reductions achieved beyond the pledged target would be eligible for sale as 
emissions reductions credits (ERCs) to developed countries. Emissions reductions to meet the 
country’s pledge would be permanently “retired from the atmosphere” and thus would not be 
eligible for sale (see Figure 4.1).  
 

 
 
The ideal sectoral program would include all major developing countries. However, particular 
emphasis on inclusion of those countries that represent a major portion of each sector’s 
                                                           
48 Other “sectoral” approaches previously suggested (e.g., Schmidt et al., 2004, Watson et al., 2005, and Bosi et 
al.,2005) are not discussed in this section.   
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Figure 4.1  GHG emissions “permanently retired for the atmosphere” and emissions reductions available for 
sale when exceeding the “no-lose” target. The left-hand and right-hand panels show the qualitative behavior 
with time of sectoral emissions intensity and total sectoral GHG emissions, respectively.  In both panels, the 
bold solid line represents the baseline (or business as usual) scenario, and the lighter solid line shows what 
actually occurs within the sector. The dotted lines show the emissions intensity target (left-panel) and the GHG 
emissions if this target is met (right- panel). The vertical dashed line designates the onset of the compliance 
period. The shaded areas in the right-hand panel represent the emissions that are “permanently retired for the 
atmosphere” (darker shaded area) and the excess emissions available for sale (lighter shaded area). 

Years

To
ta

l G
H

G
 E

m
is

si
on

s

Actual
No Lose Target
Baseline



 

Center for Clean Air Policy page 58 
 

operations and emissions will help minimize concerns about competitiveness and leakage.  
Participation of the ten highest-emitting developing countries in each sector generally ensures 
coverage of 80-90% of developing country GHG emissions (Table 4.1).  China and India are 
amongst the ten highest emitting developing countries in all six sectors in the proposal—
electricity, cement, steel, oil refining, pulp/paper, and aluminium.  Given Brazil’s high share of 
hydroelectricity, Brazil’s electricity sector is not among the top ten countries and it will thus not 
be included directly in the proposal for this sector. 
 

Table 4.1: Top Ten Developing Country GHG Emitters for the Electricity and Major Industrial Sectors 

Electricity Iron & Steel Chemical & 
Petrochemical Aluminum Cement & 

Limestone 
Paper, Pulp & 

Printing  

China China China China China China 
India India India Brazil India Brazil 
South Africa Brazil U.A.E. India South Korea South Korea 
South Korea South Africa South Africa Venezuela Brazil India 
Mexico Mexico South Korea Chile Indonesia Indonesia 
Iran  South Korea Brazil Argentina Mexico Mexico 
Saudi Arabia Venezuela Mexico Bahrain Thailand Colombia 
Kazakhstan Indonesia Iran  Kazakhstan Pakistan Thailand 
Indonesia Kazakhstan Indonesia South Korea Egypt Argentina 
Thailand Iran  Venezuela Macedonia   Iran  Chile 

Source: Schmidt et al., 2006 

 
To encourage developing countries to pledge to meet more aggressive sectoral intensity targets, 
industrialized countries and international financial institutions (IFIs) would provide assistance 
through a Technology Finance and Assistance Package.  This program aims to support 
deployment of advanced technologies, development of small and medium-sized enterprises to 
assist in technology implementation, capacity-building activities, and pilot and demonstration 
projects.  It would be designed to increase private sector investment by mitigating the risk of 
investing in advanced technologies and helping reduce the costs of these technologies in the 
future. 
 
The final sectoral GHG intensity pledges made by any participating developing country would 
result from negotiations between industrialized countries and the interested developing country.  
The initial building blocks for these negotiations would be benchmark energy intensity levels for 
major processes within each selected industrial sector, which would be determined by 
internationally selected experts or institutes.  Each developing country would assess the 
applicability of each benchmark to their domestic facilities and develop its own GHG emissions 
intensity pledges, taking into account factors such as the local fuel mix and the likely impacts of 
the intensity target on the competitiveness of its future exports.   The level of assistance from the 
Technology Finance and Assistance Package would also factor into the negotiation process by 
lowering financial barriers to the achievement of lower energy-intensity levels in the sectors.  In 
the end, a developing country would adopt a single carbon intensity target or perhaps two targets, 
one for new facilities and the other for existing facilities, in each sector. 
 
For industrialized countries, these energy-intensity benchmarks serve as the starting points for 
sectoral target negotiations.  However, the final targets in industrialized nations are hard, 
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aggregate, economy-wide emissions caps (i.e., similar to those under the Kyoto Protocol) that are 
built from the sectoral analyses. 
 
In analyzing the implications of this proposal for China, India, and Brazil based upon the 
analysis in this project, we considered the following two key design questions: 
• Where to set the GHG “no lose” intensity targets? 
• What level of support could be needed for the “technology and finance assistance package”? 
 

IV.A.1 GHG “No Lose” Intensity Level 
Each of the countries has a different starting point in terms of GHG intensity for these sectors.  
Figure 4.2 shows the cement sector GHG intensity in 2000 for the three countries and Figure 4.3 
shows it for the iron & steel sector.  These differences are a result of a variety of factors.  For 
example, Brazil used renewable charcoal for 24% of energy consumption in iron and steel in 
2000, while no other country used charcoal in iron and steel production.  Brazil’s cement sector 
uses charcoal and waste fuels, both of which have lower GHG emissions than coal.  In 
comparison, coal is a predominate source of energy for cement sector in India (91% of fuel use) 
and China (89% of fuel use).   
 

 
 
When considering the energy intensity of the countries, some of the differences between 
countries are less significant, although some differences remain given the structure of the sector 
in each country.  For example, China’s cement energy intensity was higher, partly because its 
industry made greater use of the more energy-intensive wet process for clinker production and its 
plants predominately incorporated shaft kilns, which are less efficient than rotary kilns.  This 
suggests that a “no lose” target setting process where energy intensity was the initial starting 
point, as suggested in the proposal, could help to minimize concerns that the target setting 
process did not account for national circumstances such as fuel mix and availability. 
 
After an international energy-intensity benchmark is defined, countries then consider the 
implications of that benchmark on their facilities and develop a GHG intensity “no lose” pledge, 
taking in to account various factors such as fuel mix and the likely impacts of the intensity target 
on the competitiveness of its future exports.  A more detailed assessment of the impacts on 
competitiveness will be conducted in further work, but a first order insight can be gleaned by 
considering the intensity levels that can be achieved at various cost thresholds.  Figures 4.4, 4.5, 
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Figure 4.2. Cement Sector CO2 Emissions Intensity in 
2000
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Figure 4.3. Iron & Steel Sector CO2 Emissions 
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and 4.6 shows for the electricity, iron and steel, and cement sectors’ emissions intensities in 2020 
for the Pre-2000 Policy baseline and the intensities that could be achieved at various mitigation 
costs (dollars per ton)—less than $0/metric ton, less than $5/metric ton, and less than $10/metric 
ton—and under “all feasible options” evaluated by the teams.  
 

 

 
 

For the purpose of discussion, we take China as an illustrative example.  In review of the 
analysis, China could decide that GHG intensity levels achievable by implementing all measures 
below $5/ton are appropriate for its “no lose” domestic pledge. In this case, China would pledge 
to reduce its sectors’ emissions intensities from 0.77 to 0.76 tCO2/MWh, from 0.88 to 0.83 
tCO2/t-steel, and from 0.90 to 0.80 tCO2/t-cement.  As shown in the figures above, availability of 
low-cost mitigation options would determine how much emission reductions China can achieve 
through this voluntary pledge. Despite a small reduction from the electricity sector (1.3%), 
emissions intensity of steel and cement sectors could decrease by 6% and 11%, respectively. If 
successfully implemented, the Chinese pledge would lead to emission reductions equivalent to 
approximately 190 MMTCO2, accounting for 4% reduction of the three sectors’ total GHG 
emissions.  More than two thirds (67%) of this reduction would come from the emissions 
intensity improvement made in the cement sector.   
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Figure 4.6. Cement Sector CO2 Emissions Intensities in 
2020 Under Various Cost Thresholds 
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Figure 4.4. Electricity Sector CO2 Emissions Intensities 
in 2020 Under Various Cost Thresholds  
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Figure 4.5. Iron & Steel Sector CO2 Emissions 
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Assuming India takes the same domestic pledge to implement all measures below $5/ton, it can 
reduce its electricity and cement emissions intensities by 6% and 3%, respectively (0.51 to 0.47 
tCO2/MWh and 0.65 to 0.63 tCO2/t-cement). If implemented successfully, the Indian pledge 
would lead to emission reductions equivalent to approximately 71 MMTCO2, accounting for a 
6% reduction of the two sectors’ total GHG emissions.  Approximately 80% of this reduction 
would come from electricity sector. 
 
Pledge targets that could be achieved by implementing all measures below 5$/ton are simply 
examples used in this discussions to illustrate the extent of possible emissions intensity 
improvements and total GHG reductions. Countries could, of course decide that more aggressive 
intensities for its domestic pledge would be appropriate based upon various criteria including 
competitiveness of their manufacturing products, energy security, air quality, and sustainable 
development benefits.  
  

IV.A.2 Technology Finance and Assistance Package  
Following the decision on the national voluntary pledge is an assessment of what the Technology 
Finance Assistance Package should consist of in order to encourage developing countries to take 
more aggressive sectoral intensity targets.  The assessment would include selection of 
technologies, finance structure and assistance needs to deploy these technologies, and level of 
GHG intensity that could be achieved with the support provided in the Package.   
 
For the purpose of discussion, we take China as an illustrative example. In response to the 
Chinese domestic pledge level of all measures less than $5/ton, as mentioned above, the 
international community could decide to help China pay the cost of implementing additional 
mitigation options up to $10/ton. This would mean providing support for: advanced blast 
furnance technology and adjusting the ration of iron/steel in the iron and steel sector; 
reconstruction of conventional thermal power and supercritical plants in the electricity sector; 
and high efficiency roller mills in the cement sector.  If implemented successfully, the 
Technology Finance and Assistance Package could help China to reduce its electricity, steel, and 
cement emissions intensities by an additional 1%, 5%, and 6%, respectively. In comparison to 
the BAU levels, the GHG intensity levels would be reduced from 0.77 to 0.75 tCO2/MWh in 
electricity (3% reduction); 0.88 to 0.78 tCO2/t-steel in steel (11% reduction); and 0.90 to 0.74 
tCO2/t-cement in cement (18% reduction).  The aggregate emission reductions would also 
increase to 304 MMTCO2, which is equivalent to 7% reduction below BAU of the three sectors’ 
total GHG emissions.   
 
In the case of the Indian electricity sector, Technology Finance and Assistance Package where 
support was given for options between $5 and $10 per ton would provide support for small hydro 
technologies.  Under this scenario, the electricity sector’s GHG intensity would decrease to 0.46 
tCO2/MWh, which is equivalent to additional 20 MMTCO2 reduction from what would be 
achieved under the Indian domestic pledge.  
 
These examples are illustrative, further reductions could be achieved if support was provided for 
more advanced technologies (outside the cost range of $10 per ton).  For example, support for 
demonstration and deployment of integrated gasification combined cycle and carbon capture and 
sequestration in China and India could help prove these technologies in each country and drive 
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down the costs and produce greater emissions reductions than estimated in this analysis.  More 
advanced technologies which could potentially benefit from the Technology Finance and 
Assistance Package are also available in the other sectors (e.g., advanced blast furnance 
technology in Chinese iron and steel).   
 
Critical to generating these reductions will be developing support mechanisms (e.g., capacity 
building, finance, etc.) which are most suitable to each specific mitigation option.  How that 
financing would need to be structured and what other types of assistance would be needed to 
help deploy these technologies on the scale evaluated in this project is the subject of further 
consideration. 
 

IV.B Evolving CDM—Policy-Based, Sectoral, and Programmatic CDM  
Some have suggested that the Clean Development Mechanism (CDM) could be expanded over 
time from a “project-by-project” basis to “policy-based,” “sectoral,” or “programmatic CDM.”  
While the specific implementation of these various approaches would be different, as briefly 
discussed below, they all seek to have a broader set of emissions reduction activities eligible to 
generate emissions reductions for sale.  Below we briefly describe the key elements of these 
approaches as suggested by Schmidt et al. (2006b).    
 
Under policy-based CDM (Policy-CDM), activities are implemented by the developing country 
government through “deliberate government policies.”49  The policy becomes the project; 
however, emissions reduction credits would only be generated for the impact of the policy ex-
post.  The CERs would flow directly to the hosting government, but the government could 
decide to allocate the CERs to private actors that were impacted by the policy.  Since many types 
of government policies can affect greenhouse gas emissions (e.g., energy and manufacturing 
standards, tax credits, removal of energy subsidies, infrastructure changes), some have suggested 
that only policies that impact upon one sector would likely be able to meet the requirements of 
CDM and thus be eligible under a Policy-CDM approach. 
 
Sectoral CDM (S-CDM) is an approach where emissions reduction credits are generated from 
public and private actions in a single sector (e.g., electricity) or sub-sector (e.g., grid connected 
electricity) that reduce emissions below the level that would have occurred without the project.50  
In S-CDM, all activities in a sector would be covered, not just the ones that necessarily reduce 
emissions.  This approach would require a baseline into the future—which could be a business as 
usual projection or an intensity level—that took account of the emissions for the entire sector 
without the project.  Emissions reductions would be generated for all reductions below the 
baseline.   
 

                                                           
49 Specific proposals for types of policy-based CDM have been proposed by a variety of authors, including Hargrave 
2000), Samaniego and Figueres (2002), Cosbey et al. (2005), and Figueres (2006). 
50 Specific designs of such an approach have been suggested by Samaniego and Figueres (2002), Sussman et al. 
2004), Cosbey et al. (2005), and Bosi and Ellis (2005). 
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Under “Programmatic CDM,” project activities occur as the result of a “deliberate program,” 
whether it is a public sector measure (voluntary or mandatory) or private sector initiative.51  The 
key characteristics of a “programmatic CDM” project are the following (Figueres et al., 2005): 

1. The program results in a multitude of dispersed actions.  Response to the program occurs 
at multiple sites and amongst a variety of actors (e.g., an appliance efficiency program 
where an individual consumer receives a subsidy for upgrading one of their appliances) 

2. The activities and resulting emission reductions do not necessarily occur at the same time, 
but do respond to the same program.  For example, some reductions may occur early in 
implementation of the program, while others may occur later.  

3. The type, size, and timing of the actions induced by the program may not be known at the 
time of project registration; however, they are identified ex-post, attributable to the 
program, and verifiable. 

4. The program has one enacting agent, but can be implemented by one or more entities. 
5. The program is the project and the mitigation activities must be measured, using 

approved baseline and monitoring methodologies, to determine the actual reductions 
from the project. 

6. The project is submitted using one single Project Design Document. 
 
For the purpose of this report, we consider only the sectoral CDM approach since the major 
distinction between this approach and policy-CDM is whether or not the emissions are the result 
of a government policy or the result of both public and private programs.  Using the results from 
our analysis, we discuss key sectors as case studies to explore how the sectoral CDM would be 
carried out.  Emission reductions for sale under the sectoral CDM are those below the “crediting 
baseline,” which could be determined based upon “business as usual” projection, intensity levels, 
benchmarks, or negotiated levels.52  In our discussion, the Pre-2000 Policy reference scenarios (a 
“business as usual” in our analysis) will be used as crediting baselines for the sectoral CDM, as 
an illustration.  For illustration purposes we assume that the entire emissions reduction below the 
baseline is eligible for sale; however, some have suggested that a future CDM may “discount” 
the credits (e.g., 50%) so that a portion of the reduction is “retired for the atmosphere”.  In this 
case, the reductions and resulting financing generated would be reduced accordingly.   
 

IV.B.1 Electricity Sector: China, Brazil, and India 
If the Chinese, Brazilian, and Indian electricity sectors were to participate in Sectoral CDM 
approach in 2020, it could generate a large quantity of emission reduction credits (ERCs) at a 
reasonable cost.  Figure 4.7 shows for all three countries the level of emissions reductions that 
could be generated at various cost thresholds in the electricity sector. 
 
It is impossible to determine the likely price range at which ERCs would be purchased under a 
Sectoral CDM approach, since it depends on the demand and the price of reductions in other 

                                                           
51 See for example, Bodansky et al. (2004) and Figueres et al. (2005), for more discussions of this approach. 
52 Alternatively, some have suggested a future CDM where the CERs generated from a project are discounted so that 
only a portion of the emissions reductions are available for sale to developed countries. (Chung, 2003; Chung, 2005; 
Sugiyama et al., 2005). The discount rate could be standardized so that all countries have the same rate or different 
for various countries (e.g., rapidly industrializing developing countries would have a higher discount rate than least 
developed countries). 
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regions. However, if ERCs would cost roughly around $5/metric ton,53 all three countries could 
generate significant reductions in 2020, up to 44, 61, and 15 MMTCO2 in China, India, and 
Brazil, respectively.  This could yield significant financing, on the order of $220, $305, and $75 
million in 2020 in the three countries, respectively.  Since the crediting period is likely to be 
greater than one year, an even larger amount of financing could be produced in this sector.  If the 
cost of ERCs was even higher (e.g., over $10/metric ton), then an even larger quantity of 
emissions reductions and financing could be generated. 
 

 
 

IV.B.2 Cement Sector: China and Brazil 
Under the same assumption that ERCs would cost $5/ton, the cement sector could generate even 
greater ERCs in China, up to 128 MMTCO2. Brazil would gain a modest amount of 7 MMTCO2.  
This could generate a value of $640 million in China and $35 million in Brazil in 2020, and 
possibly larger amounts given a multi-year crediting period.54  Figure 4.8 shows potential 
emissions reductions that could be generated at $5/metric ton and $10/metric ton in the cement 
sector in China and Brazil.  
 
One of the fundamentally challenging aspects of sectoral CDM is how to define a credible 
baseline from which ERCs will be generated.  Depending on the assumptions made in building 
the baseline, the amount of ERCs from sectoral CDM can change drastically.  For example, a 
baseline that incorporates recent policies into the baseline (i.e., “recent policy scenario” from our 
analysis) would yield a smaller amount of ERCs than our pre-2000 policy scenario.  Therefore, a 
successful and credible sectoral CDM would require a robust baseline that ensures that the 
reductions are additional to what the hosting country would have done without the CDM.  

IV.C National Growth Cap 
Similar to their Annex I counterparts, developing countries could take on fixed targets that would 
be agreed in advance and would be fixed for a commitment period of a number of years.  This 
                                                           
53 The actual ERC market may be at a higher price since some amount of transaction costs and arbitrage is likely to 
increase the actual market value.  We assume that the host country receives financing at its marginal cost. 
54 A similar baseline question could change the results. 
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national cap for developing countries could have an allowance for growth in emissions, 
sometimes referred to as “headroom allowances” or “growth baselines”, to allow some growth in 
absolute emissions below a fixed level (Hargrave and Helme, 1998; Frankel, 1999).  Different 
levels have been suggested for the growth limits, including business as usual (Frankel, 1999) and 
“No Regrets” levels (Hargrave and Helme, 1998).  The specific cap level agreed by a particular 
country would likely depend on what it felt was realistically achievable given the ability to 
implement specific domestic mitigation measures, the cost of those measures, and other factors.   
 
In determining the target level of  such an economy-wide approach for developing countries, 
balance would need to be struck between establishing too weak of a target—producing emissions 
reductions for sale not attributable to actual reductions (i.e., “hot air”)—and overly stringent 
levels—yielding targets that are impossible to meet domestically.  This balance is complicated 
by the potential uncertainty associated with absolute emissions levels in developing countries 
given the wide swings that have arisen due to such factors as economic recession (e.g., the Asian 
financial crisis) or faster than anticipated economic growth. While this factor is not identifiable 
in the analysis conducted in this project, since GDP was held constant through the scenarios, 
other analysis considering historic levels has found that these swings can be large (Kim 2003; 
Kim and Baumert, 2002).  Without presupposing the results of those conversations, we show the 
aggregate emissions levels under two scenarios—the Advanced Options scenario and the pre-
2006 scenario—as the potential basis for an economy-wide cap.  Figure 4.9 shows the 
“economy-wide” emissions levels for the three countries.55 
 

 
                                                           
55 The values presented here are not economy-wide since some sectors of the economy were left out of this analysis.  
A more comprehensive economy-wide target could be developed by including emissions levels in other sectors. 
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Under one proposal for an economy-wide cap level, the target would be established at “business 
as usual” levels in the near-term, with the aim of enabling developing countries at first to be able 
to participate directly in allowance based emissions trading systems, such as International 
Emissions Trading under the Kyoto Protocol.  In the examples presented above, this level could 
be established at the 2020 levels of 512, 5,340, and 2,352 MMTCO2 for Brazil, China, and India, 
respectively.56  Alternatively, the target level could be established somewhere between the 
advanced scenario (which includes all feasible measures) and the “business as usual” level by 
taking account of such factors as mitigation cost, feasibility of domestic implementation, and co-
benefits.  Further consideration would be needed on the cost of achieving various levels, the 
feasibility of implementation of sufficient measures to meet a defined level, and the dependence 
of the target level on such factors as oil price57, economic development, and population. 
 

IV.D National Carbon Intensity Targets 
Economy-wide carbon intensity (CI) targets have been proposed for developing countries as a 
means of reducing GHG emissions without requiring developing countries to take on absolute 
emission limitations.58  Under the CI target approach, developing countries commit to reduce the 
overall carbon intensity (or GHG intensity) over the mitigation timeframe.  Carbon intensity is 
usually expressed in terms of GHG emissions per physical or economic unit, such as GDP, per 
capita, value added, or exports.  The target is considered dynamic because a country’s allowable 
emissions are not a fixed amount but fluctuate over time in response to the chosen economic 
output.  A country is in compliance if its actual intensity indicator is less than or equal to the 
target intensity indicator during the compliance period.  Figure 4.10 shows the GHG emissions 
intensity (GHG/GDP) for China and India for the sectors considered in each under both the Pre-
2000 Policy scenario and the Advanced Options scenario.59 
 
As can be seen, in both countries intensity is projected to decline as the economies become more 
efficient and generate more value (i.e., GDP) from lower emitting activities (e.g., service 
industry).  Where to set the intensity target is a key element of this proposal.  Similar to the 
economy-wide cap approach, discussed above, the level could be somewhere between the Pre-
2000 Policy and the advanced scenarios level.     
 
The advantages of a carbon intensity target, rather than an absolute emissions limit, are greater if 
it is more difficult to project emissions than emissions intensity.  This could be the result of wide 
swings in aggregate economic performance (e.g., recessions or advanced growth).  In turn, 
                                                           
56 It is important to note that the sectoral coverage varied across the countries. 
57 Some sense of this impact will be provided in the continuing analysis of this project as we consider a higher oil 
price scenario than used in the first round of analysis. 
58 Hargrave and Helme (1998) presented an early proposal for a dynamic target—a “growth baseline”. General 
discussions of national and sector CI targets, in the context of both developing countries and more generally, can be 
found in Ellerman and Wing (2003), Lisowski (2002), Dudek and Golub (2003), Hargrave (n.d.(b)), Hargrave and 
Helme (1998), Philibert and Pershing (2001), Kim and Baumert (2002), and Baumert, et al. (1999). A discussion of 
intensity metrics at the company level in the US can be found in Price et al. (2003).  
59 It is important to note that these values are not economy-wide as would likely be the case in an economy-wide 
intensity target and that sector coverage of the analysis was not the same for each of the three countries given the 
make-up of the country’s emissions and the interest of the government policymakers.   This implies that a 
comparison between countries of the intensity is not suitable.  Instead, one should consider the trends within a 
country since that includes the same sources for all years. 
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projecting emissions will be more difficult for an individual country if emissions—which are 
driven by economic output—are inherently more variable (or uncertain) over time than it’s 
emissions intensity. The empirical evidence tends to suggest that intensity indicators do tend to 
be less volatile than emissions, particularly in the case of small, developing economies, which 
tends to support the case for intensity targets (Kim, 2003; Kim and Baumert, 2002). The extent 
to which this would be true using the analysis in this project would need to be considered in 
further analysis since for this project, the GDP was held constant for all scenarios. 
 

 
  

IV.E Sustainable Development Policies and Measures 
Some have suggested that developing countries undertake Sustainable Development Policies and 
Measures (SD-PAMs) where developing countries undertake actions primarily focused on their 
sustainable development and where climate change is considered a “co-benefit”(Winkler et al., 
2002; Winkler et al., 2005; Bradley et al., 2005).  Countries begin by examining their 
development priorities and identify how these could be achieved in a more sustainable manner, 
either by tightening existing policy or by implementing new measures.60  In practice, a country 
might undertake eight steps in considering its commitment to SD-PAMs (Winkler et al., 2005): 

• Outline future development objectives.  
• Identify policies and measures that would make the development path more sustainable, 

primarily for reasons other than climate change (such as greater social equity and local 
environmental protection) while maintaining or enhancing economic growth. These SD-
PAMs may be existing sustainable development policy that is not fully implemented or 
new policies and / or more stringent measures.  

• Register nationally selected SD-PAMs in a registry maintained by the UNFCCC 
secretariat. 

• Mobilise investment and implement SD-PAMs. 
• Set up national monitoring system to track implementation of SD-PAMs. 
• Review of SD-PAMs in SD units, either as part of national communication or a specific 

review.  

                                                           
60 This could also be considered a “Unilateral Approach” where developing countries undertake those set of policies 
and measures which they will do for other reasons, e.g., energy security and air quality. 
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• Quantify the changes in GHG emissions of particular SD-PAMs, which should be 
reported in accordance with the Convention or other reporting provisions.  

• Summarise the net impact of a basket of SD-PAMs on development benefits and GHG 
emissions. 

 
There are a variety of ways to consider the actual implementation of this proposal.61  We 
consider this option narrowly, for simplicity, by considering two aspects: 

o Impact of different development paths 
o Implementation of existing policies 

 

IV.E.1 Impact of Different Development Paths 
For this project, we considered two development paths—one “dirty” (A2) and the other “cleaner” 
(B2).  While the “cleaner” scenario was considered a more accurate reflection of the trends likely 
to occur in these three countries in the various in-country workshops, the differences between 
these two development paths provide some insight on the impact of choosing different 
development paths, the intended aim of the SD-PAMs approach. 
 
Figure 4.11 shows the difference in the reference case emissions (A2 and B2 Pre-2000 Policy 
scenario) under both of these development path scenarios for Brazil and India.   
 

 
 
As can be seen, moving towards a less emissions intensive development path in broad terms—
e.g., focusing more on service or high value added sectors rather than energy-intensive sectors—
can have a significant impact on emissions.  Once the broad development path is headed on a 
lower GHG-intensive path, further non-climate change focused policies and measures could 
produce even greater reductions, as discussed below.     
 
 
 

                                                           
61 See for example, (Bradley et al. (2005) which considered various case studies for how this approach could be 
applied to different countries. 
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Figure 4.11 Comparison of “Cleaner” (B2 Pre-2000 Policy Scenario) and “Dirtier” (A2 Pre-2000 Policy Scenario) 
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IV.E.2 Implementation of Existing Policies 
We also consider the implementation of existing policies in these three countries as the likely 
starting point for an SD-PAMs approach since these policies are arguably not done for climate 
change reasons, but out of other objectives (e.g., energy security, air quality, sustainable 
development).  While each of the countries in this project have adopted a variety of policies 
before and since 2000, which are expected to have an impact on the countries GHG emissions, 
the successful implementation of these measures is not necessarily guaranteed since such factors 
as financing, access to necessary technology, and enforcement may provide barriers to the full 
achievement of these policies as analyzed in this project.  Figure 4.12 and 4.13 shows the Pre-
2000 Policy and Recent Policy cases for Brazil and China, respectively, for the “cleaner” 
development path (B2).  The difference between these scenarios shows the impact of the 
implementation of existing measures on GHG emissions. 
 

 
 
The implementation of existing “non-climate” change policies in these three countries has a 
significant impact on emissions—reducing emissions by 73 and 395 million tons CO2 in 2020 in 
Brazil and China.  In India, GHG emissions are projected to increase slightly (by 6 MMTCO2) as 
a result of some recent government policies.   
 
An SD-PAMs approach could, of course, go beyond these levels by implementing additional 
mitigation options evaluated in this project, so this could be considered a preliminary starting 
point.  Continued analysis will be conducted in the next Phase on the types of policies that these 
countries might pursue driven primarily by other factors—such as energy security, air quality 
benefits, and sustainable development—than GHG mitigation cost.  Some initial indication of the 
additional types of measures that these countries might pursue under a SD-PAMs approach can 
be gleaned from the mitigation options that received the most interest at the final in-country 
workshops and the efforts being undertaken by these countries through recent policies and 
programs, including:62 

• China: Energy-efficiency in iron, steel, cement, and residential sectors; vehicle efficiency 
improvements; and advanced technologies in industrial sectors; renewable generation 

• Brazil: Biofuels and vehicle efficiency standards; deforestation 
                                                           
62 This is an initial list based upon our preliminary insights, but further more refined options will be developed in the 
next phase of the project. 
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• India: Replacement of biomass in residential and commercial sectors; advanced coal 
electricity generation; energy savings in residential and commercial sectors  

 

IV.F Positive Incentives for Avoiding Deforestation 
In response to the initiative of a number of developing countries63 on the need to start a new 
discussion on ways to address the contribution of deforestation to global GHG emissions, the 
international community is considering  “policy approaches and positive incentives” for 
addressing deforestation.64  A variety of views have been suggested on the structure of these 
approaches—ranging from ones that receive funding through the carbon market to non-trading 
approaches.65  With deforestation playing a major role in Brazil’s GHG emissions, this project 
only considered options for addressing deforestation in Brazil. 
 
A number of concerns with the carbon trading approach was identified in the Brazil analysis and 
raised in the in-country workshops.  With the wide year to year variation in deforestation rates in 
Brazilian Amazon (Figure 4.14), concern has been raised about choosing baselines from which 
emissions reduction credits would be scored.  Choosing a high deforestation estimate as the basis 
could generate “hot air” credits, while the choice of too low of a baseline could imply that the 
country would either not generate any emissions reduction credits—in the case of a purely 
voluntary approach—or that they might have to purchase credits from other countries—if the 
program had mandatory caps.   
 

 
 
Additional concerns identified with such an approach include permanence, leakage, and the 
potential sum of money that might be needed to finance such an approach.  Each of these 
elements are likely to receive more focused attention in the coming period at the international 
level as discussions around these set of items was agreed at the UNFCCC meeting in May 2006. 
 
                                                           
63 In particular, submissions by Papua New Guinea and Costa Rica stressed this need. 
64 See decision at the UNFCCC meeting in Montreal in December 2005. 
65 See a summary of the submissions on this topic from Schmidt (2006c) or directly from the submissions, available 
at: http://unfccc.int/resource/docs/2006/sbsta/eng/misc05.pdf  
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Given these concerns, the Brazilian analysis focused on non-trading approaches and this will be 
the basis of further continued analysis.  Non-trading options identified include: 

• Payments for ecosystem services (PES) provided by private and collective forest owners 
• Financing mechanisms to curb the practice of slash and burn agriculture, complemented 

with policies targeted at reducing risk, and at providing credits to farmers, enabling them 
to shift to more intensive and profitable land uses such as perennial cropping. 

• Providing profitable alternatives to livestock production systems to change the 
profitability of alternative land uses, such as cropping, livestock, wood extraction, and 
labor scarcity. 

• Promoting more efficient use of pasture land, thus avoiding short rotation cycles, through 
recovery of abandoned pastures. 
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V. Conclusions and Recommendations 
This report shatters a commonly held myth among critics of the Kyoto Protocol that developing 
countries are not taking meaningful action to reduce greenhouse gases.   
 
Working closely with policymakers and researchers both within and outside the governments of 
Brazil, China and India, the Center for Clean Air Policy (CCAP) has led an analysis of the costs 
and implications of policies to reduce GHG emissions. Greenhouse Gas Mitigation In Brazil, 
China and India: Scenarios And Opportunities Through 2025 presents the results of that 
analysis. It reveals that Brazil and China have adopted “unilateral actions” since 2000 that have 
already reduced emissions and are expected to reduce emissions through 2020 in those nations 
below projected levels.  Reductions in Brazil and China alone in 2010, if fully implemented, are 
projected to be greater than those to be achieved by the United States’ voluntary carbon intensity 
reduction goal.  India is projected to achieve emissions reductions by 2020 in the transportation 
and iron and steel sectors below “business as usual” levels, but these reductions are projected to 
be offset principally by emissions increases in the electricity sector.   
 
Most of these reductions in the three nations have been financed domestically, independent of 
the Kyoto Protocol’s Clean Development Mechanism (CDM) under which developing countries 
can sell emission reductions achieved from approved projects to developed nations.   While 
questions remain about how effective implementation of these new policies will be in each 
country, they nonetheless demonstrate the broad scope of policies that reduce greenhouse gases 
underway in key developing countries. 
 
This revelation of unilateral action supports arguments for setting more challenging emissions 
reduction goals for developed countries, as it should help to allay concerns about the non-
participation of developing countries in carbon reduction.  China in particular has focused an 
important portion of its environmental effort in internationally competitive industries including 
iron and steel, cement, pulp and paper.  This undercuts, to a degree, the argument that industries 
facing international competition will shift production to China and other developing countries 
from developed nations to avoid the costs of carbon reductions. 
 
The study also details an array of additional cost-effective emission reductions that these three 
leading developing nations could pursue in the future—unilaterally, under the CDM or a new 
international policy structure.  Projected aggregate emissions reductions that could be achieved 
in the electricity, cement, transportation, paper, and steel industries and the residential and 
commercial sectors in these nations range from 17 to 29 percent below business as usual levels in 
2020. Modeling conducted for CCAP by Ecofys Consulting suggests that this level of reduction 
by Brazil, China and India, coupled with major reductions in developed countries, a significant 
effort by the United States and comparable efforts by major developing countries, would keep 
the world on track to stabilize global CO2 concentrations at 450 ppm. Also, it would keep open 
the possibility of achieving the European Union’s goal of holding global average temperature 
increases due to climate change to 2 degrees Centigrade.  
 
The study suggests there is an unprecedented opportunity for future international climate policy 
to:  
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• Recognize and encourage “unilateral actions” by developing countries 
• Provide incentives for more expensive emissions reduction opportunities that are not likely 

to be pursued unilaterally by developing countries, and 
• Establish a global policy structure coupling needed incentives for developing country action 

with tough emission reduction goals for developed nations that will be sufficient to protect 
the climate. 

 
Background 
Greenhouse Gas Mitigation In Brazil, China and India: Scenarios And Opportunities Through 
2025, summarizes the results of the first phase of the CCAP’s “Developing Country Project.  
This project was financed by the United Kingdom’s Department for International Development 
(DFID), the Tinker Foundation, and the Hewlett Foundation.  The project developed 
comprehensive analysis of greenhouse gas (GHG) projections and potential mitigation options, 
costs, co-benefits, and implementation policies in Brazil, China, India, and Mexico, led by the 
Center for Clean Air Policy and eading partner organizations in these four countries:   
 
The in-country partners in this project consist of: 

• a team at the Center for Integrated Studies on Climate Change and the Environment 
(Centro Clima) at the Institute for Research and Postgraduate Studies of Engineering at 
the Federal University of Rio de Janeiro (COPPE/UFRJ), Haroldo Machado Filho, 
Thelma Krug, Magda Aparecida de Lima, Luiz Gustavo Barioni, and Geraldo Martha; 

• a team from the Institute for Environmental Systems Analysis within the Department of 
Environmental Science and Engineering at Tsinghua University of China; 

• The Energy and Resources Institute (TERI) of India; and 
• the Centro Mario Molina of Mexico. 

 
The project is conducted in two phases.  In Phase I of this project, the teams conducted 
individual GHG emission mitigation analyses for major economic sectors.  The results of Phase I 
have been presented in a series of reports.  The reports for Brazil, China and India will be 
released in conjunction with this report, while the report for Mexico will be released in 2007.  
This integrated report presents the results of Phase I (GHG Mitigation Option and Cost Analysis) 
of the project analysis for Brazil, China and India.  In the next phase of the project, the teams 
will build upon Phase I by: evaluating the implications of specific international climate change 
policy options for GHG mitigation in these four countries; development of a suite of potential 
policies and approaches for implementation of each option; and comprehensive and in-depth 
analysis of the key actors, barriers and co-benefits associated with each. 
 
Methodology 
The GHG mitigation analysis was conducted using country-specific scenarios for annual 
population and gross domestic product (GDP).  The teams developed two alternative GHG 
reference case scenarios for each sector, partly based on the A2 and B2 scenarios in the 
Intergovernmental Panel on Climate Change (IPCC) Special Report on Emissions Scenarios (in 
this integrated report, we refer only to the B2 scenario data66). 
                                                           
66 While analysis of an “A2-like” scenario was calculated, the team’s and the in-country reviewers considered the 
“B2-like” scenario a more realistic representation of emissions projections.  The “A2-like” scenario produces 
significantly larger growth in emissions as it is “dirtier” scenario. 
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Three different scenarios were developed: 
• “Pre-2000 Policy” scenario which considered only policies and programs adopted prior to 

2000.  For the analysis of mitigation options this scenario was used as the “business as 
usual” (BAU) scenario. 

• “Recent Policy” scenario (also called “unilateral actions”) which considered the impact 
with implementation of all policies announced before 2006.   

• “Advanced Options” scenarios.  Where appropriate, each country analysis conducted up 
to four variations of the Advanced Options scenario, based on the potential cost 
effectiveness (measured in $/metric ton CO2e reduced) of the mitigation measures analyzed.  
The first three Advanced Options scenarios assumed implementation of all measures 
costing, respectively, less than $0 per ton (<$0 per ton), less than $5 per ton (<$5/ton), and 
less than $10 per ton (<$10/ton).  The fourth scenario was the most aggressive and 
considered all feasible (in the team’s judgment) mitigation options.   

 

V.A Emissions are projected to grow in all three countries 
 
Brazil, China, and India combined account for 40% of the world’s population, 7% of world 
economy, and an estimated 23% of current global GHG emissions (Schmidt et al., 2006).67   
As the powerful developing economies of China, India and Brazil continue to grow and develop, 
production and consumption of energy will all rise as well.  This analysis considered emissions 
projections and reduction opportunities in key sectors of the economy: China included 
electricity, iron and steel, cement, pulp and paper, and on-road vehicles; Brazil considered 
electricity, iron and steel, cement, pulp and paper, residential, commercial, transportation, 
methane from enteric fermentation, and land-use change and forestry (this analysis includes 
discussion of projected future deforestation rates in Brazil, but these were not included in 
Brazilian emission estimates discussed below); and India included electricity, iron and steel, 
cement, pulp and paper, residential, commercial, transportation, and agriculture pumping.  While 
not economy-wide, emissions from these sectors account for a sizeable share of each country’s 
CO2 emissions from fuel combustion in 2000: 74% in China, 77% in India, and 71% in Brazil68.   
 
Under business-as-usual conditions considered in this analysis, emissions of greenhouse gases 
in these countries are projected to increase significantly in the electricity, industrial, 
transportation, and residential and commercial sectors69 over the next two decades (see 
Figure 1). 
 
 

                                                           
67 This excludes emissions from land-use change.  Including these would increase the share to 22% (Schmidt et al., 
2006). 
68 Note that values for China and Brazil include emissions from electricity, iron and steel, cement, pulp and paper, 
and transportation; share for India includes commercial and residential.  It should also be noted that Brazil share 
does not include emissions from deforestation, which are a significant share of the country’s overall greenhouse gas 
emissions. 
69 Emissions data for China do not include residential and commercial numbers. 
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Figure 5.1. Sector CO2 Emissions under the Pre-2000 Scenario 
 
As Figure 5.1 demonstrates, when considering only policies adopted before year 2000, emissions 
from these sectors are projected to increase over the period in all three countries due to increases 
in economic activity, population, and urbanization.  As a result, compared to 2000 levels the 
combined emissions from the sectors analyzed in China and Brazil are projected to more than 
double by 2020 as GDP and population increase in both countries.  In China, GDP and 
population increase by 285% and 14%, respectively, between 2000 and 2020.  Likewise, 
Brazilian GDP and population are projected to grow significantly by 118% and 29%, 
respectively, over this timeframe.  Indian emissions will rise even faster, increasing by almost 
3.5 times, due to a larger projected increase in GDP and population of over 360% and 30%, 
respectively.  It should be noted, however, that this is based on the assumption of a relatively 
high rate of national economic growth—8% per year through 2026—compared to that in other 
studies.70  The actual estimated emissions growth in India may thus be significantly lower than 
the projected levels in this analysis if the Indian economy should fail to maintain this level of 
growth over the time period.      
 
                                                           
70 The growth rates assumed were based on government plans detailed in the Tenth Five Year Plan prepared by the 
Planning Commission, Government of India.  Other studies, however, have projected lower rates of growth for the 
Indian economy, some on the order of 5% or less.    
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In the BAU scenario, transportation emissions in China are projected to increase by 250%— due 
to a more than four times increase in the number of cars, trucks, and buses—and electricity 
emissions by 160%—driven by an almost doubling of electricity production—from 2000 to 
2020, with large increases expected in the other sectors as well.  As a result, compared to 2000 
levels the combined emissions from these sectors in China are projected to more than double by 
2020.  Electricity is expected to be a sizeable share of these emissions in the future—accounting 
on average for over one-half of total annual emissions from the sectors analyzed in the 2000 to 
2020 period—with cement accounting for about 30% in 2000 but only one-fifth in 2020.     
 
The increases are equally dramatic in India, with transportation emissions rising by a factor of 
6.5—due to an increase in the number vehicles and the usage per vehicle—electricity emissions 
more than doubling—driven by a 255% increase in electricity production—and cement and iron 
and steel emissions rising by about 5 times in both sectors.  As a result, electricity accounts for 
about one-half of emissions from the sectors analyzed in India in 2010, but only about two-fifths 
in 2020, while the share of transportation emissions is projected to increase from 14% in 2000 to 
more than one-quarter in 2020.  The Indian iron and steel and cement sectors will also increase 
significantly over the period, and combined will account for the same share of emissions (28%) 
as transportation in 2020. 
 
In Brazil, the projected increases are significant as well, with transportation emissions rising by 
130%—largely driven by an increase in emissions from freight trucks.  In Brazil, transportation 
accounts for about one-half of total emissions throughout the period. 
   
Taken together, sector emissions from these countries would increase by 150% – almost 5,000 
MMTCO2.  From the pre-2000 perspective, the outlook from these countries is therefore one of 
rapidly increasing fuel consumption and GHG emissions in all sectors, and a corresponding 
increase in their contribution to global greenhouse gas emissions. 
 
 

V.B “ Unilateral”  Efforts Will Slow This Trend and Reduce Emissions 
 
While emissions will likely continue to expand in many sectors in the near term, fully 
implemented government policies and programs adopted since 2000 in these countries will 
slow this projected growth in GHG emissions and reduce emissions below projected levels.  
It is important to note that these emissions reductions are not necessarily guaranteed as achieving 
these levels of reduction will require full enforcement of existing policies and programs.  For this 
reason, the teams and the in-country reviewers felt it was more appropriate to use the pre-2000 
scenario (which does not include policies adopted since 2000) as the basis of the “business as 
usual” case.  These efforts have been undertaken for reasons other than climate change 
mitigation, such as energy security, air quality, competitiveness, and sustainable development.  
Figure 5.2 shows the impact of these policies and programs. 
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Figure 5.2. GHG Emissions Under Pre-2000 Policy and Recent Policy Scenarios 
 
Overall, the policies and actions already undertaken and underway in these three 
countries, if full implemented, are estimated to lower GHG emissions by about 460 
MMTCO2 below BAU levels in 2020, a fall of 6%—equivalent to offsetting the emissions of 
over 120 coal-fired power plants71.  In China and Brazil, these measures are estimated to 
reduce emissions by 7 and 14 percent below projected levels, respectively, while in India overall 
emissions are expected to increase slightly on a net basis as a result of new policies.  Thus, while 
the current outlook in China, India and Brazil is for a significant growth in emissions, unilateral 
actions already undertaken through government policies and programs in these three countries 
driven primarily for non-climate change reasons will have a positive impact in lowering this 
trend.  This development represents an important “first step” for developing countries, as they 
have already begun to make important contributions to the global effort to reduce GHG 
emissions and combat climate change. 
 
These actions have in some cases been taken at real net economic cost and principally for 
reasons other than climate-related considerations, including: energy security with growing 
demand and limited domestic supply, reliability of the power network, enhanced economic 
productivity and competitiveness, and improved air and water quality. 
 

                                                           
71 Assumes a new 600 MW facility with 85% capacity factor and 9,000 Btu/kWh heat rate using sub-bituminous 
coal, which equals 3.74 MMTCO2 per year in emissions.  This value is used in the conclusions for the “rule of 
thumb” comparisons. 
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Many of the emissions reductions achieved through these policies are not being developed 
as Clean Development Mechanism (CDM) projects and thus represent these countries’ 
“contribution to protection of the atmosphere.”  Overall, these countries have over 823, with 
average annual reductions of 144 MMTCO2, in the CDM pipeline.72  The majority of these 
reductions in China and Brazil are in sectors not covered by this analysis (e.g., landfill gas or 
HFCs) or in sectors where these “unilateral actions” are being undertaken: over 70% of the 
average annual reductions in China and Brazil are in sectors not covered by this analysis.73  The 
opposite is true in India where the majority of average annual emissions reductions in the CDM 
pipeline—69%—are in sectors covered by this analysis.74  
 
The level of reduction achieved in China and Brazil through these actions is equal to or 
better than the level of reduction projected to be achieved by the U.S. under its voluntary 
emissions intensity target and around 30% of the level of reduction estimated for the EU-15 
to meet its Kyoto target.  Accounting for only the domestic reductions in the EU-15 to meet the 
Kyoto target (excluding the expected use of the Kyoto Mechanisms for compliance) would 
increase the value to 37%.  This study estimates that Brazil and China are projected to achieve 
more than 210 million tons of CO2 reduction in 2010 from existing unilateral policies, while the 
U.S. voluntary target is slated to achieve 183 million tons of CO2e reduction per year on average 
over the life of the voluntary program according US Administration75.  Brazil and China were 
responsible for 17% of global anthropogenic CO2 emissions in 1990 while the U.S. was 
responsible for 25% in 1990.76  To meet the EU-15 emissions target under the Kyoto Protocol 
requires an estimated emissions reduction from the business as usual level of around 682 
MMTCO2e in 2010.  Taking out the use of Kyoto Mechanisms would mean that EU domestic 
emissions reductions below the BAU would be 573 MMTCO2e.77  It is important to note that the 
stated U.S. reductions and the EU’s Kyoto targets are economy-wide, while those in Brazil and 
China cover a segment of the economy (See Figure 5.3) 
 

                                                           
72 UNEP Riso, CDM Pipeline, October 2006. 
73 In the China, these reductions are in agriculture, coal bed/mine methane, HFCs, landfill gas, N2O, and 
reforestation projects. In Brazil, these reductions are in agriculture, fugitive, landfill gas, and N2O projects.  
74 Not all these projects in the CDM pipeline will necessarily qualify as CDM projects and others may be developed. 
75 As noted in: U.S. Administration (2002), February.  Value is noted online in State Department Fact Sheet, 
available at: www.state.gov/g/oes/rls/fs/2004/38641.htm  
76 WRI, Climate Analysis Indicators Tool. 2006. 
77 Values for the base year (4269 MMTCO2e) and the expected use of Kyoto Mechanisms (110.5 MMTCO2e) are 
from the European Environment Agency (2006), Greenhouse gas emission trends and projections in Europe 2006.  
Business as usual values in 2010 (4611 MMTCO2e) based upon values presented in: European Commission: Fourth 
National Communication from the European Community Under the UN Framework Convention on Climate 
Change. 
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Figure 5.3  Brazil and China “Unilateral” Emissions Reductions below Business as Usual Compared with 
Estimates for U.S. and EU Efforts (in 2010) 
 

V.B.1 Recent Chinese Policies and Programs 
In China, policies adopted between 2000 and 2005 will reduce GHG emissions in all sectors 
below their BAU levels—by almost 400 MMTCO2 in 2020—with the combined emissions 
from these sectors expected to fall by 7%.  This is equivalent to shutting down approximately 
one-third of China’s existing coal-fired power plants.  Emissions will fall most dramatically in 
pulp and paper, where emissions will fall by one-fifth in 2020.  The largest reductions in absolute 
terms will occur in cement, where year 2020 emissions are projected to decrease by 162 MMT 
(15%), and in electricity, where they will decline by 142 MMT (5%).  While these emissions 
reductions from “unilateral actions” are large, the growth in emissions in these sectors are so fast 
that emissions in 2020 still increase by 115% over 2000 levels.  Table 5.1 shows the emissions 
reductions achieved in each sector from these policies and programs. 
 
Table 5.1  Change in China’s Emissions Due to Recent Policies 

BAU Scenario Recent Policies Scenario 
Sector 2000 Emissions 

(MMTCO2) 
2020 Emissions 

(MMTCO2) 
2020 Emissions 

(MMTCO2) 

Emissions 
Change from 

BAU (MMTCO2) 

% Change 
from BAU 

Electricity 1,199 3,102 2960 (142) -5% 
Cement 643 1,098 937 (162) -15% 

Iron/Steel 200 323 294 (29) -9% 
Pulp/Paper 63 141 111 (30) -21% 
Transport 195 676 643 (34) -5% 
TOTAL 2,299 5,340 4,945 (395) -7% 

 
These actions have been taken for reasons other than climate-related considerations.  For 
instance, actions taken in electricity, iron & steel sector were aimed to increase reliability of the 
power network, enhance economic productivity and competitiveness, and improve air and water 
quality. Enhancing energy security and independence is another motivation behind these actions. 
In particular, China’s growing demand for oil and limited domestic supply has led China to 
import nearly half (an estimated 3.6 million barrels of oil per day) of its total demand in 2006 – a 
key factor motivating China’s recent vehicle efficiency standards.  Considering its reliance on 
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imported oil, China is keen on improving energy-intensity of its economy through various 
actions such as these discussed here. 
 
Some of these actions have been undertaken at a positive economic cost.  While precise cost 
estimates for these unilateral actions are not available, the government’s development of 
renewables (under the Renewable Energy Law and other recent programs) is a large source of 
the electricity sector reductions, and many of the renewable opportunities in China are estimated 
to cost greater than $10 per ton.  A similar result is evident in the cement and iron and steel 
sectors, where a number of the mitigation options needed to meet the level of reductions 
achieved in the recent policies case cost in the $5 to $10 per ton range. 
 
Many of the emissions reductions achieved through these policies are not being developed 
as CDM projects and are thus becoming China’s “contribution to protection of the 
atmosphere”.  China has a total of 177 projects in the CDM pipeline with average total 
reductions of 82 MMTCO2 per year.78  Of this total, 123 are electricity generation projects—
accounting for an average reduction of around 17 MMTCO2 per year—far less reductions than 
the 142 MMTCO2 estimated in the electricity sector through “unilateral actions”.  In addition, 
there are 17 industrial energy efficiency projects—accounting for 5 MMTCO2 per year—
significantly lower than the 220 MMTCO2 reductions in 2010 from unilateral actions in the 
industry sectors.  Lastly, the improvements achieved from the vehicle efficiency standard have 
not been developed into a CDM project—so the estimated reductions of 34 MMTCO2 are not 
being captured by CDM projects. 
 
Specifically, Chinese policies and programs adopted between 2000 and 2005, including the 
following, have led to these reductions. 
 
Electricity (in 2020: 5% CO2 reduction from BAU; 142 MMTCO2; equivalent to offsetting 
emissions from more than 37 new coal-fired power plants; average projected growth in capacity 
between 2000 and 2020 is equivalent to adding over one 600 MW power plant per week) 
• The Renewable Energy Law encourages the construction of renewable energy (RE) facilities, 

requires power grid operators to purchase resources from registered renewable energy 
producers, offers financial incentives for renewable energy projects, and stipulates penalties 
for non-compliance.  The law also requires that the National Development and Reform 
Commission (NDRC) develop specific targets be set for RE development.79  The most recent 
goals announced by China are 16% of primary energy from renewables in 2020, including 
large hydroelectric facilities—this includes RE capacity targets of 300 GW from 
hydropower, 30 GW from wind, 30 GW from biomass, 1.8 GW from solar photovoltaics, as 
well as targets for solar thermal, geothermal and solar hot water.80  In addition, the 
government has developed a renewables feed-in program which provides direct incentives 
for renewable programs.81  As a result, even though China is already the world leader in RE 

                                                           
78 UNEP RISOE, CDM Pipeline, 20 October 2006. 
79 See http://www.renewableenergyaccess.com/assets/download/China_RE_Law_05.doc for an unofficial copy of 
the text of China’s Renewable Energy Law. 
80 REN21, Renewables Global Status Report: 2006 Update, available at: 
www.ren21.net/globalstatusreport/download/RE_GSR_2006_Update.pdf 
81 “The China Sustainable Energy Program: China Program Update and Clippings.” The Energy Foundation. Issue 
19. February 2006. p2 &15. Available at: http://www.efchina.org/documents/CSEP_Clippings_Feb_2006.pdf  



 

Center for Clean Air Policy page 81 
 

capacity (with 42 GW in 2005, excluding large hydro projects), China tied with Germany in 
2005 for the largest national investment in renewable energy, excluding large hydropower—
$7 billion.  This was primarily directed to small hydro and solar hot water projects, and an 
additional $10 billion was invested in large hydro facilities.  Wind generation also expanded 
significantly in China, with 500 MW of new wind capacity installed in 2005—the fifth 
largest amount among any country.82   

• The Tenth Five-Year Plan includes several objectives for the electricity sector, including 
improving operations, shutting down inefficient power plants, developing nuclear power and 
renewables, etc.  For example, as a result the government adopted a policy that requires that 
new coal facilities be greater than 300 MW and has shut down around 14 GW of small 
thermal units.83 

 
Cement (in 2020: 15% CO2 reduction from BAU; 162 MMTCO2 in 2020; equivalent to shutting 
down half of the shaft kiln cement facilities in China in 200084; projected growth in cement 
production between 2000 and 2020 is equivalent to adding about one of China’s largest-capacity 
cement plants per week) 
• Policy Outlines of Energy Conservation Technologies (rev. 1996) in the cement sector 

proposed to close small, illegal plants, promote retrofitting of inefficient operations (wet to 
dry process), and recover waste heat for re-use.  More recent the National Development and 
Reform Commission’s (NDRC’s) 2004 China Medium and Long Term Energy Conservation 
Plan sets out a goals for the improvement of energy intensity to 148 kilogram of coal 
equivalent per ton (kgce/t) cement in 2010 and 129 kgce/ton cement in 2020.85 

 
Iron and Steel (in 2020: 9% CO2 reduction from BAU; 29 MMTCO2 in 2020; roughly equivalent 
to shutting down around 750 iron and steel facilities; projected growth in iron and steel 
production between 2000 and 2020 is equivalent to adding about one 100-ton electric arc steel 
furnace or one 1000-m3 iron-making blast furnace per month) 
• China Medium and Long Term Energy Conservation Plan (2005) in iron and steel sector, 

proposed to improve its energy intensity. Specific goals included: (1) industry-wide energy 
intensity to achieve the level of advanced world in the 1990’s by 2010; (2) medium and large 
entities to achieve the level of advanced world levels in the 2000’s by 2010; and (3) industry-
wide energy intensity to achieve the level of advanced countries by 2020.86 

• The NDRC’s 2005 “China iron and steel industry development policy” sets guidelines for 
the long-term development of this industry in China, including requirements for the 
production efficiency, energy consumption and environmental performance of steel 

                                                           
82 REN21, Renewables Global Status Report: 2006 Update, available at: 
www.ren21.net/globalstatusreport/download/RE_GSR_2006_Update.pdf  
83 China September 2006 CCAP GHG Report Final. p37. Also available at: “Laws & Regulations – The 10th Five-
Year Plan for Energy Conservation and Resources Comprehensive Utilization.” Available at:   
http://www.ccchina.gov.cn/en/NewsInfo.asp?NewsId=5389.   
http://www.ccchina.gov.cn/en/Public_Right.asp?class=17  
84 China’s shaft kiln cement facilities are estimated to have emitted 340.5 MMTCO2 in 2000 (Tsinghua University 
of China, 2006).  
85 Price, L. and C. Galitsky (2006), Opportunities for Improving Energy and Environmental Performance of China’s 
Cement Kilns, August, Lawrence Berkeley National Laboratory. 
86 “China Medium and Long-Term Energy Conservation Plan.” National Development and Reform Commission 
(NDRC). People’s Republic of China. January 2005. http://www.sdpc.gov.cn/ [in Chinese]. 
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companies in China.  The policy also calls for the use of fiscal measures, such as tax rebates, 
to promote the production of high value-added steel. 

 
Pulp and Paper (in 2020: 21% CO2 reduction from BAU; 30 MMTCO2 in 2020; equivalent to 
around half of the sector’s emissions in 2000; projected growth in pulp and paper production 
between 2000 and 2020 is about 150%) 
• Measures in the pulp and paper industry—composed mostly of state-owned enterprises—are 

modernizing facilities and operations that were significantly outdated compared to world 
standards.  China’s government is currently attempting to modernize its pulp and paper 
industry through restructuring – encouraging state-owned plants to automate their operations, 
promoting mergers (the largest manufacturing facilities are also the most efficient), 
facilitating foreign investment, and closing down smaller, older facilities. 

 
Transportation (in 2020: 5% CO2 reduction from BAU; 34 MMTCO2; equivalent to 75% of car 
emissions in 2000) 
• “Maximum Limits of Fuel Consumption (L/100-km) for Passenger Cars” establishes fuel 

efficiency standards for passenger vehicles – passenger cars, SUVs and multi-purpose vans.  
The requirements are divided into 16 weight classes, with each class having a designated 
maximum fuel consumption rate.87  These standards are implemented in two phases with an 
estimated equivalent vehicle efficiency of 34 miles per gallon (MPG) in 2005 and 37 MPG in 
2008 (An and Sauer, 2004). 88 Phase I of this program is consistent with the goal of the 10th 
Five-Year Plan to reduce oil consumption from current levels by 5-10%; it went into effect 
on July 1, 2005, for new models of vehicles and on July 1, 2006, for existing models.  Phase 
II will take effect on January 1, 2008, for new models and on January 1, 2009, for existing 
models; this phase is expected to allow achievement of the 11th Five-Year Plan’s goal of 
reducing oil consumption by 15% from current levels. 

 
In 2006, China has adopted a number of additional efforts (not analyzed in this project as 
they were outside the scope) that could have a significant impact on overall emissions.   
• The recently adopted Eleventh Five Year Plan sets a goal to reduce energy use per unit of 

GDP by 20% between 2005 and 2010.  This is no small undertaking given that China has 
already improved energy intensity by 77% between 1990 and 2003, but has become a major 
focus of a number of initiatives.   

• In the “1000 highest energy-consuming enterprises”89 program the 1000 facilities 
accounting for the greatest energy use are to benchmark their energy performance, install 
efficient equipment, and attain a 20% efficiency improvement by 2010. 

• Vehicle excise taxes are now based on the vehicle engine size—ranging from 1-20% of the 
vehicle purchase price—with the tax on four-liter engines (e.g., SUVs) quadrupling from 
5% to 20% (to about $8,000 per vehicle).90 

                                                           
87 Stricter standards apply for passenger cars with manual transmissions in each weight class; SUVs and multi-
purpose vans must meet the same standards as passenger cars with automatic transmissions. The stringency of the 
maximum fuel efficiency standards also increases with weight, so lighter vehicles can meet their respective 
standards more easily than heavier vehicles. 
88 This standard was modeled in this analysis based upon the rates in the “Mid- and Long-Term Specific Plan on 
Energy Conservation” level of 6.7-8.2 L/100-km by 2010 (13.4 km/L, 31.5 mpg), so the level of reduction could be 
even greater depending on the fleet mix. 
89 These facilities account for an estimated 30% of China’s energy consumption. 
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• The NDRC outlined goals for structural adjustment of the cement industry between 2005 
and 2010, including: increasing the share of new dry process cement kiln production from 
40 to 70%, closure of 250 million tons of inefficient production capacity, reducing the total 
number of facilities to 3500, and reducing energy intensity of production from 130 kgce/t 
clinker to 110 kgce/t of clinker.91 

   

V.B.2 Recent Brazilian Policies and Programs 
A similar trend is expected in Brazil, where recent policies will lower emissions in all sectors 
analyzed except cement (where the impact of recent policies will be negligible).  These policies 
will reduce the combined seven-sector CO2 emissions in Brazil by a dramatic 14% in 
2020—a total cut of 73 MMTCO2—in 2020.  This is approximately equivalent to the total 
current emissions of all Brazilian light-duty vehicles, its seven coal-fired power plants, and 
cement facilities combined.  The largest proportional reductions will occur in the residential and 
commercial sectors, where the combined emissions are expected to decline by over one-third.  
Emissions in the transportation sector will fall by almost one-fifth due to increased ethanol 
consumption from flex-fuel vehicles, and the development of renewables in electricity will lower 
emissions in that sector by 14%.  Emissions are projected to be slightly higher than BAU levels 
in the cement sector, mostly due to the projected increased use of fuel oil in place of pet coke.  
While these emissions reductions from “unilateral actions” are large, emissions in these sectors 
grow at such a fast pace that emissions in 2020 still increase by over 80% over 2000 levels.92  
Table 5.2 shows the emissions reductions achieved in each sector from these policies and 
programs. 
 
Table 5.2  Change in Brazil’s Emissions Due to Recent Policies 

BAU Scenario Recent Policies Scenario 
Sector 2000 Emissions 

(MMTCO2) 
2020 Emissions 

(MMTCO2) 
2020 Emissions 

(MMTCO2) 

Emissions 
Change from 

BAU (MMTCO2) 

% Change 
from BAU 

Electricity 23 38 33 (5) -14% 
Cement 26 40 41 0.2 0.5% 

Iron/Steel 46 82 76 (5) -6.5% 
Pulp/Paper 25 59 57 (2) -3% 
Transport 106 245 202 (44) -18% 

Residential NA 36 23 (13) -37% 
Commercial NA 12 8 (4) -32% 

TOTAL 227 512 439 (73) -14% 
 
Similar to China, these Brazilian efforts have largely been undertaken for reasons other 
than climate change.  For example, the ethanol program was largely driven in response to 
energy security concerns in response to the oil crisis in the mid-1970s and the energy efficiency 
programs were driven out of a variety of concerns including energy shortages, local air quality, 
sustainable development, and competitiveness.     
 

                                                                                                                                                                                           
90 China Program Update & Clippings, 2006, newsletter of The China Sustainable Energy Program, Issue 19, 
February, p. 3-4. 
91 CementChina.net, 2006, China Cement Industry Developing Goal till 2010, available at: 
www.cementchina.net/news/shownews.asp?id=1549.  
92 Excludes emissions in the residential and commercial sectors. 
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Also significant is that some of the recent measures have been high cost measures, 
highlighting that other positive benefits have driven these efforts.  For example, Brazil’s flex 
fuel vehicle program, begun in 2003, is estimated to achieve about 20 MMT reductions in 2020 
(about 1.7 metric ton CO2 per new vehicle) at a cost greater than $30 per ton. 
 
Some of the emissions reductions achieved through these policies are not being developed 
as CDM projects and are thus becoming Brazil’s “contribution to protection of the 
atmosphere.”  Brazil has a total of 190 projects in the CDM pipeline with average total 
reduction of over 21 MMTCO2 per year.93  The introduction of Brazilian flex fuel vehicles and 
the concurrent emissions reductions have not been registered as a CDM project, so the total 
estimated reductions in the transportation sector from “unilateral actions” of 20 MMTCO2 
estimated to be achieve in 2010 are not being scored as CDM projects.  However, some of the 
ensuing reductions from these policies are likely being captured as CDM projects.  For example, 
a large number of wind, hydro, and biomass projects have been proposed in Brazil as CDM 
projects. These projects are estimated to reduce emissions by around 5 MMTCO2 per year94 —
roughly the same level of reduction estimated in the electricity sector from recent policies. 
 
In particular, Brazilian policies and programs implemented between 2000 and 2005, 
including the following, have led to these reductions. 
 
Electricity (in 2020: 14% CO2 reduction from BAU; 5 MMTCO2; equivalent to closing 42% of 
Brazil’s current oil-fired electricity generation)95 
• The Program for Incentive of Alternative Electric Energy Sources (PROINFA) launched in 

2002 sets an overall goal to produce 10% of the total electricity from renewable sources by 
2022 in two phases.  The first phase is to achieve 3,300 MW of renewables—split equally 
among biomass, small hydro and wind—through long-term power purchasing agreements 
between Eletrobrás  and independent power producers (IPPs) and fiscal incentives for each 
type of renewable energy (e.g., wind energy subsidy of $86.32 – 97.90/MWh).  

 
Transportation (in 2020: 18% CO2 reduction from BAU; 44 MMTCO2; equivalent almost 1.5 
times the total emissions from light-duty vehicles in 200096) 
• The National Program of fuel alcohol (PROALCOOL) aimed to promote ethanol use in 

transportation in response to oil crisis of the 1970s. Although it was discontinued in the late 
1980s, PROALCOOL transformed 85% of the vehicle fleet into ethanol vehicles.  More 
recently, this program has laid an important groundwork for the introduction of flex fuel 
vehicles (which can use either gasoline or ethanol) into the market.  As a result, these 
vehicles accounted for 50% of sales of new LDVs in 2005 and 77% in February 2006.  This 
is estimated to grow to the point where in 2020 all light-duty vehicles sold in Brazil are flex-
fuel and 70% of the fuel used in these vehicles is ethanol.  

• The Program to Promote Efficient Use of Non-renewable Resources (CONPET) has used a 
free testing and inspection program for tanker trucks that transport Petrobras fuel to reduce 

                                                           
93 UNEP RISOE, CDM Pipeline, 20 October 2006. 
94 To be conservative, we have included all projects in the CDM pipeline classified as biomass, wind, and hydro. 
95 In 2000, oil-fired generation was estimated to emit 11.8 MMTCO2 (Centro Clima, 2006). 
96 Light-duty vehicles in Brazil are estimated to emit a total of 31.9 MMTC02 in 2000. 
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their diesel fuel use by 15% and their associated CO2 emissions by 38,000 metric tons 
annually (through mid-2004). 

 
Residential (in 2020: 37% reduction from BAU; 13 MMTCO2; equivalent to 86% of the 
Brazilian iron and steel emissions in 2000) 
• The Brazilian Stove and Heater Compulsory Labeling Program, which came into effect in 

March 2003, requires labeling of energy efficiency for all stove and heaters.  As a result, 
the new models manufactured in Brazil consume on average 13% less liquefied petroleum 
gas (LPG) than the old models, which implies a saving of two gas canisters per household 
per year and an approximate annual reduction of 300,000 tons of imported LPG.97 

 

V.B.3 Recent Indian Policies and Programs 
India is projected to achieve emissions reductions by 2020 in the transportation and iron 
and steel sectors below “business as usual” (BAU) levels, but these reductions are projected 
to be offset principally by emissions increases in the electricity sector.  In 2020, recent efforts 
are expected to reduce emissions in the Indian transportation and iron and steel sectors by 15% 
below BAU levels in transportation—97 MMTCO2—and by 5% in iron and steel—17 
MMTCO2.  Emissions increase due primarily to the implementation of the National Electricity 
Policy, which causes emissions to rise in that sector by 12% above the BAU levels.  The net 
impact of these efforts is projected to increase emissions by 6 MMTCO2 in 2020—a total 
increase for all sectors of less than 0.3%.  While emissions reductions from “unilateral actions” 
decrease emissions in two of the sectors, emissions for the evaluated sectors grow at such a fast 
pace that emissions in 2020 from these sectors still increase by 230% above 2000 levels.  Table 
5.3 shows the emissions impacts in each sector from these policies and programs. 
 
Table 5.3  Change in India’s Emissions Due to Recent Policies 

BAU Scenario Recent Policies Scenario 
Sector 2000 Emissions 

(MMTCO2) 
2020 Emissions 

(MMTCO2) 
2020 Emissions 

(MMTCO2) 

Emissions 
Change from 

BAU (MMTCO2) 

% Change 
from BAU 

Electricity 427 952 1,062 110 12% 
Cement 67 334 339 5 1% 

Iron/Steel 66 317 300 (17) -5% 
Pulp/Paper 6 12 13 0 1% 
Transport 97 644 547 (97) -15% 

Residential 47 76 80 4 6% 
Commercial 7 18 18 - 0% 

TOTAL 717 2,352 2,358 6 0% 
 
Indian policies and programs implemented between 2000 and 2005 have led to these 
reductions, including the following. 
 
Iron and Steel (In 2020: 5% CO2 reduction from BAU; 17 MMTCO2; equivalent to one-third of 
the sector’s total emissions in 2000) 
• The National Steel Policy 2005 seeks to increase the capacity and efficiency of steel 

production in India and is expected to spur the iron and steel industry to retrofit inefficient 

                                                           
97 PETROBRAS/CONPET, 2004. 



 

Center for Clean Air Policy page 86 
 

plants and build more efficient facilities.   The minimum production in the most efficient BF-
BOF facilities is thus estimated to increase from 20% of total production in 2036 (under 
BAU) to 60%. 

 
Transportation (in 2020: 15% CO2 reduction from BAU; 97 MMTCO2; equivalent to the total 
Indian transportation emissions in 2000) 
• Under the Indian Integrated Transport Policy 2002, the government seeks to meet the 

transport demand generated by higher rate of growth of GDP, realize the optimal inter-modal 
mix as well as freight-passenger mix in the railways through appropriate pricing and user 
charges, and promote sustainable transport system with increased emphasis on energy 
efficiency and environmental conservation.  As a result of this and other policies (Vision 
2020 Transport and a draft national urban transport policy), it is estimated that fuel 
economy will improve and the rail shares for both passengers and freight will increase.   

 
Some recent policies are expected to increase emissions.  For example, the Electricity Act 
2003 is expected to expand electricity generation, largely driven by increased electricity 
access.  The National Electricity Policy includes the following objectives: access to electricity 
available for all households in next five years; electricity demand to be fully met by 2012; supply 
of reliable and quality power in an efficient manner and at reasonable rates; and per capita 
availability of electricity to be increased to over 1000 kWh by 2012. To meet these objectives 
electricity production is estimated to expand by more than 110 TWh in 2020 due to increased 
demand for electric lighting and appliances—6% above the level without recent policies.  The 
analysis assumes that demand for electricity will increase (e.g., for lighting, home appliances, 
and other services) as a result of access to the electricity grid.  It also makes the conservative 
assumption that traditional fuels such as wood for cooking which are replaced by electricity 
generation are carbon-neutral as they are “sustainably” harvested.  This does not account for 
some of the other climate change impacts from biomass combustion (e.g., black carbon, CH4, 
etc.).  On net, accounting for these factors could make the emissions implications of this policy 
neutral or lead to net emissions reductions, but the methodology employed here does not 
necessarily capture these factors.  Based upon this, electricity sector emissions are estimated to 
increase by 110 MMTCO2—a 12% increase above BAU—due to the introduction of recent 
policies.   
 
Indian actions that occurred prior to 2000 (and therefore included in the baseline98) have 
been undertaken which have led to reduced or avoided emissions.  India has long supported 
efforts for expanding renewable generation, particularly wind generation.  For example, India 
has worked to develop a domestic manufacturing industry99 and has provided incentives such as 
five-year tax holidays on income from sales of electricity, accelerated depreciation of 100 
percent on investment in capital equipment in the first year, excise duty and sales tax exemptions 
for wind turbines, waiver of import duties on a variety of components, and moving toward a 
production tax incentive to encourage performance.100  In addition, the India Renewable Energy 
Development Agency (IREDA) was formed to provide assistance in obtaining loans from the 

                                                           
98 This means that it isn’t possible to pull out the impact of this policy since it is captured in the pre-2000 baseline. 
99 This has been done with the assistance of overseas companies such as Denmark, Germany, and the Netherlands. 
100 EIA, Wind Energy Developments: Incentives in Selected Countries, available at: 
www.eia.doe.gov/cneaf/solar.renewables/rea_issues/windart.html  
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World Bank, the Asian Development Bank, and the Danish International Development Agency 
(DANIDA).  As a result, India has the fourth largest amount of installed wind capacity—4,430 
MW—and added almost 1,500 MW in 2005 alone.101   
 
Some of the emissions reductions achieved through these policies are not being developed 
as CDM projects and are thus becoming India’s “contribution to protection of the 
atmosphere”.  India has a total of 456 projects in the CDM baseline, with total average 
reductions of 38 MMTCO2 per year.102  Only one transportation CDM projects is in the CDM 
pipeline for India and it is expected to result in a small emissions reductions—estimated at 7 kt 
CO2 per year—far lower than the 14 MMTCO2 estimated to be achieved in 2010 in the 
transportation sector from recent policies.  In contrast, India has a large number of industrial-
based CDM projects, some of which are in the iron and steel sector which is estimated to 
generate emissions reductions of 17 MMTCO2 through “unilateral actions”.103    
 

V.C Opportunities for achieving significant additional emission 
reductions at reasonable cost are also available 

 
Additional emissions reduction opportunities are also available in each country, some are 
available at low cost while others require larger incremental investment.  A total emissions 
reduction of 1,534 MMTCO2—a reduction of 19% below BAU levels—can be achieved in 
these three countries through implementation of “unilateral actions” and additional 
mitigation measures.  This is roughly equivalent to offsetting emissions from 410 new coal-
fired power plants.  In this analysis, estimates of the reductions from unilateral efforts (also 
referred to as Recent Policies) undertaken prior to 2006 were developed separately from the 
analysis of potential reductions that could be achieved through additional new mitigation 
(“Advanced Scenarios”).  It should be noted that the Advanced Options scenarios assume 
implementation of both the unilateral actions and the select additional mitigation options.  
Therefore, a portion of the additional reductions claimed for the Advanced Options scenarios in 
some sectors will be the result of unilateral actions already undertaken.  When comparing and 
interpreting the unilateral/Recent Policies reductions to the reductions obtained through 
additional mitigation measures (Advanced Options), it should therefore be kept in mind that the 
reductions are not additive.  On an aggregate basis, the study projects cost-effective reductions 
(below $10/ton CO2) of four percent in India, four percent in Brazil and 10 percent in China 
below BAU levels in 2020 totaling more than 625 million tons of CO2 per year – the equivalent 
of avoiding the construction of more than 150 coal-fired power plants. 
 
If China, Brazil and India chose to make the reductions outlined in this study by 2020, 
their efforts, coupled with other countries’ efforts, could be sufficient to stay on track to 
stabilize global atmospheric CO2 concentrations at 450 ppm.104   To meet this concentration 

                                                           
101 REN21, Renewables Global Status Report: 2006 Update, available at: 
www.ren21.net/globalstatusreport/download/RE_GSR_2006_Update.pdfENEWABLES  
102 UNEP Risoe, CDM pipeline, October 2006. 
103 It was impossible, without going through each project design document, to assess how many of the industrial 
CDM projects were in the iron and steel sector. 
104 Stabilizing emissions at 450ppm CO2 is roughly equivalent to stabilizing emissions at 500 ppm CO2 equivalent.  
Source: den Elzen and Meinshausen (2005). 
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goal, other nations would need to make significant reductions along the lines of the: EU and 
other developed nations cutting their emissions to 30 percent below 1990 levels by 2020, U.S. 
cutting its emissions to 1990 levels by 2020, and other major developing countries making 
efforts similar to China, India and Brazil.105  This proposed combination of emission reductions 
is simply illustrative.  Any combination of reductions from developed and developing nations 
that achieves the same aggregate reduction can keep the achievement of a 450 ppm global 
atmospheric CO2 concentration in play.  Even given the huge projected growth in emissions in 
these three developing countries through 2020, the key point here is that the potential, largely 
cost-effective reductions identified in this study are significant – their achievement would mark 
important progress toward achieving the goal of limiting global increases in temperature to 2 
degrees Centigrade.   
 
Below we summarize the emissions reduction potential identified in this analysis for each sector 
in each country.   

V.C.1 China 
In China, an emission reduction of nearly 20% from these sectors106 could be achieved with 
implementation of all feasible mitigation measures analyzed in 2020—equivalent to nearly 
a billion ton emissions reduction from 2020 BAU levels. This is equivalent to 83% of China’s 
electricity sector emissions in 2000.  Almost half (45%) of these reductions are available in the 
electricity sector, with over one-fifth available in both cement and transportation.  Figure 5.4 
shows the projected emissions trajectory in China from 2000 to 2020 under each Advanced 
Options scenario, for all five sectors combined. 
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 Figure 5.4.  CO2 Emissions in China under Various Scenarios 
 
Implementation of only the lower cost measures (with net savings or less than $5 per ton) in 
China would reduce GHG emissions from the five sectors by 7% below the BAU level in 
                                                           
105 Based upon analysis conducted by Ecofys Consulting for CCAP.  Available at: 
www.ccap.org/international/Sector%20Straw%20Proposal%20-
%20FINAL%20for%20FAD%20Working%20Paper%20%7E%208%2025%2006.pdf and 
www.ccap.org/FADforum/Hoehne%7ESector-Based%20Program%20GHG%20Implications.pdf  
106 The China analysis only included electricity, iron and steel, cement, pulp and paper, and on-road vehicles. 



 

Center for Clean Air Policy page 89 
 

2020—a 397 MMTCO2 emissions reduction.  This is roughly equivalent to offsetting the 
annual emissions of over 100 new coal-fired power plants.  The majority of these reductions are 
available in the transportation sector (52% of the reductions), followed by cement (32%) and 
electricity (11%). 
 
At higher cost of less than $10 per ton, emissions could be cut by 10% below BAU levels in 
2020 for these sectors—a total reduction of over 510 MMTCO2.  This is equivalent to 44% of 
China’s emissions from coal-fired electricity in 2000.  These more expensive reductions are 
largely available in the cement sector (70 MMTCO2 above the amount achievable at less than $5 
per ton), followed by electricity (25 MMTCO2) and iron and steel (19 MMTCO2).   
 
The table below (Table 4) shows the individual options for emissions mitigation in the sectors 
analyzed for China, and the associated costs and emissions reductions available in each sector in 
2020. 
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Table 5.4  Chinese Emissions Reduction Options in 2020 
Marginal 

Abatement Cost 
($/metric ton 

CO2e) 

Total Emission 
Reduction 

(MMTCO2e)107 

Cumulative 
Reduction 

(MMTCO2e) 
Mitigation Options Sector 

-18.4 19.1 19.1 Transmission Technologies Transportation 
-12.0 43.8 62.9 Vehicle Technologies Transportation 
-11.9 136.0 198.9 Engine Technologies Transportation 
-11.1 3.8 202.7 Engine-Transmission-Vehicle Technologies Transportation 
-4.5 23.5 226.2 Preventative Maintenance Cement 
-3.8 21.5 247.7 Use of Waste Derived Fuels Cement 
-3.6 5.7 253.4 CFBC (Circulating Fluidized Bed Combustion) Electricity  
-3.6 3.6 257.0 Establish energy management center Iron and Steel 
-3.0 38.0 295.0 Demand side management Electricity  
-2.4 19.5 314.5 Process management and Control Cement 
-1.9 11.3 325.8 Kiln Shell Heat Loss Reduction Cement 
0.2 8.2 334.0 High-Efficiency Motors and Drives Cement 
0.9 10.2 344.2 Active Additives Cement 
1.5 14.3 358.5 Composite Cement Cement 
2.6 2.8 361.3 BRT Transportation 
3.0 9.1 370.4 Advanced coke oven Iron and Steel 
3.8 49.1 419.5 Conversion to Multi-stage pre-heater kiln Cement 
4.1 34.8 454.3 Combustion System Improvement Cement 
5.4 24.6 478.9 Advanced blast furnace technology Iron and Steel 
5.7 25.1 504.0 Reconstruction of conventional thermal power Electricity  
6.0 29.7 533.7 Supercritical/Ultra supercritical plant  Electricity  
6.6 28.6 562.3 High-efficiency roller mills Cement 
8.2 43.6 605.9 Adjust ratio of iron/steel Iron and Steel 
9.7 10.2 616.1 High-efficiency Powder Classifiers Cement 

12.7 3.7 619.7 Efficient transport systems Cement 
19.2 136.9 756.6 Nuclear power Electricity  
21.5 10.3 766.9 Fuel Switch Transportation 
30.4 3.5 770.5 Dry coke quenching Iron and Steel 
31.0 171.2 941.7 Hydropower Electricity  
31.6 10.8 952.4 Advanced sinter machine Iron and Steel 
32.7 4.2 956.6 Natural gas Electricity  
34.9 4.4 961.1 Advanced direct steel rolling machine Iron and Steel 
38.0 7.6 968.7 Wind power Electricity  

38.8 14.1 982.8 IGCC (Integrated Gasification Combined-Cycle) & 
PFBC (Pressurized Fluidized Bed Combustion) Electricity  

52.7 25.6 1008.4 Smelt reduction technology Iron and Steel 
53.3 5.0 1013.4 CCS (Carbon Capture and Storage) Electricity  
61.0 7.6 1021.0 Advanced converter Iron and Steel 

131.4 5.7 1026.7 Advanced EAF Iron and Steel 
133.7 11.4 1038.1 Solar thermal Electricity  

 
 
Electricity 
The analysis conducted for this sector indicates that future GHG emission reduction potential 
in electricity is large in absolute terms, but may be achieved at relatively higher cost.  The 
electricity sector in China has the highest potential level of absolute reductions of all sectors 
analyzed, and accounts for 45% (444 MMTCO2) of the total reductions analyzed.  It is also the 
largest sector in terms of aggregate emissions in the Chinese economy.  Implementing these 

                                                           
107 Emission reductions in the iron and steel sector have not been adjusted for emissions due to secondary energy 
consumption or electricity use (see footnotes 17 and 19, respectively). 
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measures would reduce electricity emissions by 14% in 2020, but 85% of these reductions would 
cost more than $10 per ton (see Figure 5.5). 
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Figure 5.5.  Electricity-Sector CO2 Emissions in China under the Various Scenarios 
 
While policies already underway are expected to reduce emissions significantly and the 
availability of further low-cost reductions is uncertain, some low cost emissions reductions 
remain in this sector, including: 
• demand side management in all sectors (38 MMTCO2 reduction in 2020 at a savings of $3 

per ton)—it is important to note that demand-side management assumed in this analysis is a 
first order estimate as detailed bottom-up data was not available for all sectors to make a 
more accurate assessment.108 

• more efficient new coal facilities (35 MMTCO2 in 2020 at a cost less than $6 per ton); and 
• efficiency improvements at existing coal-fired units (25 MMTCO2 at a cost of $5.7 per ton) 

 
Co-benefits could also make some of the higher cost options more promising.  For example, 
although replacing new coal plants with nuclear power, hydro, and natural gas all cost in the 
range of $20 to $30 per ton, these measures would produce significant benefits in the form of 
reduced coal consumption and a corresponding drop in SO2, particulate and NOx emissions, 
improved water quality, increased economic productivity, and enhanced power reliability and 
grid stability (in the case of nuclear power).  More expensive options which have been pursued 
in China to date for a variety of reasons include: 
• Nuclear power (137 MMTCO2 at a cost of $19 per ton) 
• Wind generation (8 MMTCO2 at a cost of $38 per ton) 
• Integrated gasification combined cycle with carbon capture and sequestration (5 MMTCO2 

at a cost of $53 per ton).  It is important to note that this assumes the building of only one 
such plant as the Tsinghua team felt that the cost was too high and the technology 
development in China too low prior to 2020 for further plants to be likely to be deployed 
pre-2020.  Technological development in China and further cost reductions through 
demonstration plants in China and elsewhere were considered pivotal in whether greater 
penetration of this technology can be expected post 2020 in China.  Other analysis (Larsen 

                                                           
108 Other analysis has found that 5.1 EJ of energy could be saved in the buildings sector alone through more building 
energy efficiency efforts (ERI and LBNL, 2003). 
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et al., 2003) found that 132-363 MMTCO2 could be sequestered in China under a scenario 
with carbon constraints. 

 
Table 5.5  Electricity Sector Mitigation Options for China 

Sector Electricity 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 3,102 3058 44 1% 
#2 (options < $5/ton CO2) 3,102 - n/a n/a 
#3 (options < $10/ton CO2) 3,102 3033 69 2% 
#4 (all options) 3,102 2658 444 14% 

 
Domestic policy options that might be considered by China to achieve these reductions 
include: fuel pricing programs or energy taxes to promote conservation, as well as capacity 
building efforts to increase public awareness and encourage energy efficiency activities.  Other 
approaches that could allow China to achieve significant additional emission reductions could 
include promotion of renewable sources through measures such as subsidies, production tax 
credits, expansion of the current Renewable Energy Law, carbon portfolio standards, caps, and 
other regulatory approaches. 
 
Under all scenarios analyzed for the electricity sector, China’s GDP is barely affected, and 
decreases by no more than 0.02%.109  Implementation of all measures that cost less than $5 per 
ton, does not impact GDP at all.  Undertaking actions that increase the production cost of 
electricity or implementing mitigation options less $10/ per MMTCO2 therefore does not 
negatively impact China’s GDP significantly.  Analysis of the changes of Chinese industrial 
production prices further suggests that an increased electricity production cost would raise 
electricity prices by 2 to 3%, while causing only very minimal changes in the costs of most 
industrial products (less than ± 0.1%). Slightly greater changes in production prices of fossil 
fuels, especially coal and natural gas, were expected. Increased electricity production costs and 
implementing electricity mitigation options would lead other industrial production output to 
generally decrease slightly, although manufacturing increases only slightly. Coal and natural gas 
output and electricity generation decrease at a greater but still relatively small amount, ranging 
from 0.5 to 2%.  
 
Lower cost mitigation actions (less than $10 per ton) could be undertaken in China’s 
electricity sector with a minimal impact on the performance of other sectors.  Electricity 
demand falls as electricity prices increase—by 0.2 to 0.4% on average.  In the chemical, metal 
and metallurgy, water, and electricity sectors where prices increase slightly as electricity 
production costs increase, exports decrease as well. Some sectors see their exports increase, 
including textile, manufacturing and coal.   
 
 
                                                           
109 Scenarios were analyzed for each sector considered in China, but only results of electricity sector are presented in 
the China report.  More elaboration on all sectors and the results of analysis implementing costs across the entire 
economy will be discussed in Phase II of this project. 
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Cement 
The cement sector in China is a promising source of low-cost emissions reductions.  Options 
analyzed in the cement sector are estimated to reduce emissions by one-fifth in 2020—233 
MMTCO2 below BAU (see Figure 5.6).  
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Figure 5.6  Cement-Sector CO2 Emissions in China Under the Various Scenarios 
 
Most of these reductions are available at low cost—implementing only the less than $0 per 
ton measures would achieve an 8% reduction in 2020—93 MMTCO2. Measures available at 
a net cost saving include: 
• preventive maintenance (24 MMTCO2 at a savings of $5 per ton) 
• use of waste fuels (22 MMTCO2 at a savings of $4 per ton) 
• process control and management (20 MMTCO2 at a savings of $2 per ton), and 
• kiln shell heat loss reduction (11 MMTCO2 at a savings of $2 per ton). 

 
Table 5.6. Cement Sector Mitigation Options for China 

Sector Cement 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 1098 1005 93 8% 
#2 (options < $5/ton CO2) 1098 970 128 12% 
#3 (options < $10/ton CO2) 1098 900 198 18% 
#4 (all options) 1098 866 233 21% 

 
Implementation of the less than $5 and $10 per ton options would achieve reductions of 
12% and 18%, respectively.  Many of the low-cost options are also expected to produce 
significant economic co-benefits through increased productivity; air and water quality would also 
improve from a major drop in the use of coal, which provides nearly all of China’s direct fuel 
needs for cement production.  For example, the cement sector accounts for 40% of industrial 
particulate emissions in the country.  The ongoing effort by the government to retrofit old plants 
and improve energy efficiency indicates an awareness of the potential in these areas. 
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Iron and Steel 
Implementation of all measures costing less than $5 per ton are projected to achieve a 6% 
reduction in iron and steel emissions—a 19 MMTCO2 reduction below BAU in 2020 (See 
Figure 5.7).   
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Figure 5.7  Iron & Steel-Sector CO2 Emissions in China Under the Various Scenarios 
 

Available options in this regard include: 
• establishment of an energy management center (4 MMTCO2 at a savings of $4 per ton) and 
• advanced coke ovens (9 MMTCO2 at a cost of $3 per ton) 

 
Implementation of all measures less costing than $10 per ton would reduce emissions by 
12% below BAU in 2020—a reduction of 38 MMTCO2.  Two additional measures are 
available at this cost level: 

• advanced blast furnace technology (25 MMTCO2 at a cost of $5 per ton) 
• adjusting the ratio of iron/steel (44 MMTCO2 at a cost of $8 per ton) 

 
Table 5.7  Iron & Steel Sector Mitigation Options for China 

Sector Iron & Steel 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 323 321 1.6 0.5% 
#2 (options < $5/ton CO2) 323 303 19 6% 
#3 (options < $10/ton CO2) 323 284 38 12% 
#4 (all options) 323 257 65 20% 

 
These efforts could be supported through government-run voluntary assistance programs where 
officials share knowledge and training with plant managers, as well as direct incentives 
(subsidies, tax credits, etc.) for capital investments in modern plants or advanced technologies 
and research and development.  Since the Chinese iron and steel sector currently is a major 
producer of global steel, measures that improve efficiency and competitiveness might be ideal 
for consideration. 
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Pulp and Paper 
In the pulp and paper sector, emissions mitigation could reduce emissions by 25% in 2020, the 
second-largest proportional reduction after transportation.  With respect to measures already 
underway, efforts to improve technology and energy efficiency undertaken in the industry since 
2000 are expected to reduce emissions by 21% in 2020, the largest sectoral proportional 
reduction from recent measures of all five sectors analyzed.  Specific mitigation options and 
costs were not evaluated for this sector.  Instead, the Advanced Options scenario considered an 
industry-wide effort to increase the share of production with larger, more efficient plants.  A 
detailed evaluation of the prospects for unilateral action in this sector would require a more in-
depth analysis; however, one factor in favor of domestic GHG mitigation efforts in pulp and 
paper is the important co-benefits such actions would deliver.  In addition to enhanced industrial 
productivity, increased efficiency would also improve local environmental quality, since the 
industry’s fuel needs are met almost entirely with coal, and pulp and paper production typically 
produces significant amounts of organic and liquid waste.  In fact, the desire to reduce such 
pollution has been a key driver in China’s ongoing restructuring of the industry.  Further 
unilateral action thus appears promising. 
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Figure 5.8  Pulp & Paper Sector CO2 Emissions in China under the Various Scenarios 
 
 
Table 5.8 Pulp & Paper Sector Mitigation Options for China 

Sector Pulp & Paper 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 141 - n/a n/a 
#2 (options < $5/ton CO2) 141 - n/a n/a 
#3 (options < $10/ton CO2) 141 - n/a n/a 
#4 (all options) 141 105 36 25% 
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Transportation 
Vehicle ownership in China is still low, so the passenger vehicle portion of the transportation 
sector110, contributed less than 10% of the total emissions in 2000 from all sectors included in 
this analysis—an estimated 6% of China’s total CO2 emissions.  However, emissions in this 
sector are growing rapidly, and a substantial opportunity for emissions reductions exists in 
China’s transportation sector.  The emissions from passenger vehicles in China could be 
reduced by nearly one-third in 2020 through adoption of the mitigation measures evaluated 
here.  A 30% reduction from BAU is achievable through fuel economy improvements in 
passenger cars alone, and the technologies required to achieve these gains are estimated to 
be cost-effective to consumers:111 
• transmission technologies (19 MMTCO2 at cost saving of $18 per ton) 
• vehicle technologies (44 MMTCO2 at cost saving of $12 per ton) 
• combined engine, vehicle, and transmission technologies (4 MMTCO2 at cost saving of $11 

per ton) 
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Figure 5.9  Transportation Sector CO2 Emissions in China under the Various Scenarios 
 
In addition, bus rapid transit is being pursued in a number of regions in China for a variety of 
non-climate change reasons and has an estimated potential to reduce emissions by 3 MMTCO2 at 
a cost of $3 per ton. 
 

                                                           
110 The transportation analysis for China includes only specific types of passenger vehicles – buses, trucks, cars and 
motorcycles – but omits trains, ships, airplanes and all freight vehicles.  Thus, the emissions discussed here do not 
represent the comprehensive emissions budget of the entire sector. 
111 The cost estimates only account for costs associated with deployment of specific vehicle technologies but do not 
include costs associated with retooling of manufacturing facilities, training, technology transfer, and similar 
activities that could constitute barriers to full deployment of advanced vehicle technologies. 
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Table 5.9 Transportation Sector Mitigation Options for China 
Sector Transportation 

Advanced Options Scenario 
BAU Policy 

Baseline Emissions 
in 2020 (MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 676 473 203 30% 
#2 (options < $5/ton CO2) 676 470 206 30% 
#3 (options < $10/ton CO2) 676 - n/a n/a 
#4 (all options) 676 460 216 32% 

 
 
 
All Sectors 
The China analysis proposes a number of policy options that could be implemented to attain the 
emissions reductions identified.  These include some domestic measures – fuel taxes; financial 
incentives; criteria pollutant emissions standards; financial, technical, or training assistance 
provided by the government; urban planning – as well as some that are international – e.g., 
assistance with financing and technology transfer. 
 
Table 5.10  All Sector Mitigation Options for China 

Sector TOTAL 

Advanced Options Scenario 

BAU Policy 
Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 5340 4998 342 6% 
#2 (options < $5/ton CO2) 5340 4943 397 7% 
#3 (options < $10/ton CO2) 5340 4829 511 10% 
#4 (all options) 5340 4346 994 19% 
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V.C.2 Brazil 
 
Implementation of all measures evaluated for Brazil in 2020 would reduce emissions from 
the seven sectors evaluated by nearly 30% below BAU—a reduction of 147 MMTCO2—
which is more than the total emissions in 2000 from electricity, cement, iron and steel, pulp 
and paper, and light-duty vehicles combined.112 
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Figure 5.10.  CO2 Emissions in Brazil Under Various Scenarios 
 
It was not possible to analyze the cost of all mitigation options considered viable in Brazil; 
however, implementation of only the Brazilian measures which have no net cost would 
reduce emissions by 4% in 2020—a 22 MMTCO2 reduction—which is roughly equivalent 
to the total electricity sector emissions in 2000. 113  Table 5.11 shows the total and sector 
emissions reductions that can be achieved below each dollar per ton cost threshold in Brazil. 
 
Table 5.11 Brazilian Emissions Reductions Options in 2020 

Marginal 
Abatement Cost 

($/metric ton 
CO2e) 

Total Emission 
Reduction 

(MMTCO2e) 

Cumulative 
Reduction 

(MMTCO2e) 
Mitigation Options Sector 

-182.5 6.21 6.21 Efficiency Gains Transportation 

-115.7 15.2 21.4 Small Hydro Electricity  

 -12.9 to -15.1 39.2* n/a Increasing Thermal Efficiency Cement 

-9.70 19.5* n/a Reducing Clinker Ratio Cement 

30.1 21.2 42.6 Flex-Fuel vehicles Transportation 

30.9 19.6 62.2 Sugar Cane Bagasse Electricity  

51.1 19.8 82.0 Wind Power Electricity  

107.6 10.0 92.0 Biodiesel Transportation 
*Note: Emission reductions given for multiyear period, so not included in totals 
                                                           
112 It is important to note that a large share of this reduction is through the introduction of flex-fuel vehicles.  This is 
considered as a new option for this analysis since the emissions baseline for comparison was the pre-2000 scenario, 
under which flex-fuel vehicles weren’t envisioned since they were only introduced after that date. 
113 In this analysis cost data was only available for electricity, cement and iron and transportation.  Other cost-
effective measures are likely to exist in other sectors, so the actual level of potential negative and low-cost 
reductions would most likely be higher.   
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Electricity 
The Brazilian energy sector is notable for its abundance of water resources and its lack of high-
quality coal.  As a result, hydro power accounts for about two-thirds of Brazil’s electricity 
generation, and the sector has a very low average emissions rate.  The generation share of fossil 
fuels is expected to increase, but will still account for only about 5 to 10% of total generation 
over the next two decades.  The sector still offers potential opportunities to cut electricity 
sector emissions in 2020 by more than half (56%) below BAU—a reduction of 21 MMTCO2 
(see Figure 5.11). 
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Figure 5.11  Electricity Sector CO2 Emissions in Brazil under the Various Scenarios 
 
Brazil’s electricity sector has only one low cost emissions reduction option—small hydro (15 
MMTCO2 at a savings of $116 per ton), while the other renewable options are more costly: 
• sugar-cane bagasse (20 MMTCO2 at a cost of $31 per ton) 
• wind power (20 MMTCO2 at a cost of $51 per ton) 

 
Table 5.12  Electricity Sector Mitigation Options for Brazil 

Sector Electricity 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 38 23 15 40% 
#2 (options < $5/ton CO2) 38 - n/a n/a 
#3 (options < $10/ton CO2) 38 - n/a n/a 
#4 (all options) 38 17 21 56% 
 
To help achieve these reductions the PROINFA program could be expanded to include a higher 
level of renewables, and also to provide incentives for the development of some resources such 
as biomass, for which the tariffs in the initial phase of the program were too low to encourage a 
major expansion.  In addition, with only one wind equipment manufacturer currently in business 
in Brazil, it would also be helpful to develop policies that encourage the opening of one or more 
additional domestic companies.  This could be done with international financing, or by reforming 
PROINFA to expand the time of the program to accommodate lead-times of investors.  An 
expansion of CDM projects in Brazil is another good prospect for emissions mitigation, 
particularly with respect to small hydro development, which is currently only partially tapped in 
the CDM. 
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Cement 
The Brazilian cement industry is already quite efficient but still presents some opportunity for 
inexpensive emissions reductions.  The mitigation options examined in the cement sector in 
Brazil indicate that the cement industry can reduce its emissions by at least 17% below 
BAU in 2020—a 7 MMTCO2 reduction (see Figure 5.12).114  Two options, both of which 
produce cost savings, yield these reductions: 
• increasing thermal efficiency (39 MMTCO2 at a savings of $13 to $15 per ton) 
• reducing the ratio of clinker through increased cement blending (20 MMTCO2 at a savings 

of $10 per ton) 
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Figure 5.12  Cement-Sector CO2 Emissions in Brazil Under the Various Scenarios 
 
Table 5.13. Cement Sector Mitigation Options for Brazil 

Sector Cement 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 40 33 7 17% 
#2 (options < $5/ton CO2) 40 - n/a n/a 
#3 (options < $10/ton CO2) 40 - n/a n/a 
#4 (all options) 40 33 7 17% 
 
Because cement blending is cost-effective and does not require any special technologies, Brazil 
could likely achieve significant reductions in its cement industry operations through domestic 
actions, but may require some capacity building or technical assistance.  For example, the 
demand for blended cement in Brazil has been inhibited by public opinion – blended cement 
often has a darker color than typical cement, so in some cases the Brazilian public has not found 
it to be as attractive. 
 

                                                           
114 Lack of cost information prevented an analysis of many cement-sector mitigation options in Brazil.  An 
evaluation of more advanced technologies for cement production (such as exclusive use of 6-stage pre-heaters with 
pre-calciners), use of alternative fuels, or other mitigation options may identify further opportunities for emissions 
reductions.  For example, CHP was not seen as a viable alternative in cement facilities because it is more expensive 
in cement plants than in many other industrial applications due to the high content of clinker dust in the exhaust gas. 
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Iron & Steel 
In Brazil, the potential reductions identified in iron and steel production could reduce 
emissions by 16% below BAU levels in 2020—a reduction of 13 MMTCO2 (see Figure 
5.13).115 
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Figure 5.13  Iron and Steel Sector CO2 Emissions in Brazil Under the Various Scenarios 
 
Table 5.14. Iron & Steel Sector Mitigation Options for Brazil 

Sector Iron & Steel 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 

2020 (MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 82 - n/a n/a 
#2 (options < $5/ton CO2) 82 - n/a n/a 
#3 (options < $10/ton CO2) 82 - n/a n/a 
#4 (all options) 82 69 13 16% 
 
The total potential for emissions reduction in 2020 is achieved through a mix of mitigation 
measures – greater market penetration of some advanced technologies (such as electric arc 
furnaces), a 20% increase in the share of charcoal in the fuel mix (replacing coal coke), a 3% 
improvement in the efficiency of electric motors, and greater use of scrap in iron and steel 
production.  The most significant of these options is likely to be fuel-switching of coal for 
charcoal. 
 
 
Pulp & Paper 
Due to Brazil’s large share of zero-emission electricity generation, the pulp and paper industry 
actually emits more CO2 than the electricity sector.  In this analysis, emissions reductions of 
6% below BAU levels in 2020—a reduction of 4 MMTCO2—were identified (see Figure 
5.14). 
                                                           
115 Due to a lack of cost information, the cost-effectiveness of mitigation options could not be evaluated for Brazil’s 
iron and steel sector.  Some preliminary data indicate that their may be some mitigation measures that were not 
examined in this study – such as programmed heating, blast stove automation and improved blast furnace control 
systems – that may be able to moderately reduce emissions cost-effectively, while others (e.g., BOF gas and sensible 
heat recovery) could significantly reduce emissions at relatively low cost. 
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Figure 5.14  Pulp and Paper-Sector CO2 Emissions in Brazil Under the Various Scenarios 
 
Table 5.15. Pulp & Paper Sector Mitigation Options for Brazil 

Sector Pulp & Paper 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 59 - n/a n/a 
#2 (options < $5/ton CO2) 59 - n/a n/a 
#3 (options < $10/ton CO2) 59 - n/a n/a 
#4 (all options) 59 55 4 6% 
 
The primary mitigation options analyzed for Brazil’s pulp and paper industry are increased use 
of natural gas as a fuel source and improved thermal efficiency of plant operations.116  The 
analysis indicates that fuel-switching from fuel oil to natural gas is the most promising option to 
pursue in this sector, although the extent to which this can be achieved is dependent on Brazil’s 
future supply of natural gas. 
 
 
Transportation 
The Brazilian transportation sector is already among the lowest-emitting globally because of 
their extensive use of ethanol in light-duty vehicles.  Nevertheless, because Brazil’s electricity 
sector is also extremely clean, transportation-related emissions account for more than half of 
Brazil’s total CO2 emissions in the sectors included in this analysis.  Adopting the suite of 
mitigation options examined for the transportation sector would reduce emissions in this 
sector below BAU by 36% in 2020—a reduction of 87 MMTCO2 (see Figure 5.15). 
 

                                                           
116 As in the iron and steel industry, cost information was not available to assess the cost effectiveness of the CO2 
emissions mitigation options analyzed for the pulp and paper sector.   
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Figure 5.15  Transportation-Sector CO2 Emissions in Brazil Under the Various Scenarios 
 
Table 5.16  Transportation Sector Mitigation Options for Brazil 

Sector Transportation 

Advanced Options 
Scenario 

BAU Baseline 
Emissions in 2020 

(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 245 - n/a n/a 
#2 (options < $5/ton CO2) 245 - n/a n/a 
#3 (options < $10/ton CO2) 245 - n/a n/a 
#4 (all options) 245 158 87 36% 
 
An important GHG mitigation option in Brazil—in addition to the continued expansion of flex-
fuel vehicle—is improving the average fuel efficiency of the LDV fleet through a vehicle 
labeling program.117  Such a program, currently under development by CONPET, is estimated to 
improve the fuel economy of the LDV fleet by 15% between 2005 and 2008, in addition to the 
10% improvement due to natural technological progress in the automotive industry.  As current 
trends indicate that the ethanol supply will not grow as quickly as transportation demand, one 
mitigation option requiring further domestic support is expansion of the ethanol supply. 
 
For heavy-duty vehicles (HDVs) – trains, ships, airplanes and trucks transporting both freight 
and passengers – a wide variety of GHG mitigation activities are assumed to result from current 
industry trends and recent government programs, each of which is believed to be deployable to 
an even greater extent in the future.  These include measures related to the fuel mix, the mode 
splits of freight and passenger transport, the occupancy of passenger vehicles and the load of 
freight vehicles, and the fuel efficiency of diesel trucks, diesel buses and natural gas buses.  
Some of these reductions are likely to be cost-effective, particularly those that are occurring as 
part of current market trends, rather than being spurred by any specific government policy.  The 
only HDV mitigation option for which costs were estimated in the Brazil analysis is the use of 
20% biodiesel blends (B20) in the place of diesel fuel.  Such a goal could be attained through 
expansion of the current PROBIODIESEL program, which aims to achieve 5% biodiesel fuel 

                                                           
117 Numerous mitigation options were analyzed for reducing GHG emissions in the Brazilian transportation sector, 
although cost information was again unavailable for many of these.  For this reason, only three mitigation options 
were evaluated in terms of cost-effectiveness, and in each case, only the difference in fuel costs was included in the 
mitigation cost estimates. 
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(B5) use by 2010.  However, this mitigation measure is estimated to cost more than $100 per 
metric ton CO2 in 2020. 
 
All Sectors 
 
Table 5.17  All Sector Mitigation Options for Brazil 

Sector TOTAL 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 512 490 22 4% 
#2 (options < $5/ton CO2) 512 490 22 4% 
#3 (options < $10/ton CO2) 512 490 22 4% 
#4 (all options) 512 365 147 29% 
 

V.C.3 India 
In 2020, the analyzed measures could reduce emissions in India by 17% below BAU—394 
MMTCO2—which is equivalent to 93% of the electricity sector’s emissions in 2000 (see 
Figure 5.16).  It should be noted, however, that this includes increases in emissions in the Indian 
residential and commercial sectors; excluding these increases, the other sectors would together 
achieve reductions of 402 MMTCO2.  
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Figure 5.16  CO2 Emissions in India Under Various Scenarios 
 
The vast majority of these potential reductions occur in the electricity (178 MMTCO2) and 
transportation (179 MMTCO2) sectors.  Of the identified reductions, only a small fraction—
12%—have been identified as available at a net cost savings, and one-fourth of the reductions are 
known to cost less than $10/ton. 
 
Implementation of only the measures that cost less than $5 per ton could reduce emissions 
by 3% below BAU—72 MMTCO2—in 2020, which is equivalent to approximately the 
cement sector emissions in 2000.  At higher cost (less than $10 per ton) a total reduction of 4% 
below BAU in 2020 could be achieved—95 MMTCO2—in 2020, which is nearly equivalent to 
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the total transportation emissions in 2000. Table 5.18 shows the Indian emissions reductions 
available in each sector in 2020. 
 
Table. 5.18  Indian Emissions Reduction Options 

Marginal 
Abatement 

Cost 

Total 
Emission 
Reduction 

Cumulative 
Emission 
Reduction 

($/metric ton 
CO2e) (MMTCO2e) (MMTCO2e) 

Mitigation Options Sector 

-2081 37.0 37.0 Switch towards CNG from conventional fuel based vehicles Transportation 
-20.48 3.2 40.2 H -Frame Combined Cycle Gas Based Plant (60% Efficiency) Electricity 
-16.28 0.8 40.9 Wood based efficient  -2 Pulp and Paper 
-14.68 0.2 41.2 Retrofit- waste paper based Pulp and Paper 
-14.68 0.2 41.4 Retrofit agro based Pulp and Paper 
-7.52 6.8 48.2 6 Stage producing PPC cement Cement 

-7 36.0 84.2 Enhanced share of public-transport Transportation 
-6.65 3.8 88.0 6 Stage producing PSC cement Cement 
-6.22 23.4 111.4 Wind Power Plant Electricity 

-5 8.0 132.4 Higher share of rail in freight movement + electrification Transportation 
-4 13.0 124.4 Higher share of rail in passenger movement Transportation 

-3.76 0.3 132.7 Waste paper based efficient Pulp and Paper 
-3.59 145.9 278.6 Nuclear Power Plant Electricity 

0 119.0 397.6 Efficiency improvements Transportation 
6.12 29.1 426.7 Small Hydro Plant Electricity 
6.67 0.3 427.0 Agro based - efficient Pulp and Paper 

83.06 19.4 446.3 BF-BOF -Efficient Iron and Steel 
130 108.0 554.3 Replacing diesel by bio-diesel Transportation 
144 6.0 560.3 Shift from 2-stroke motorcycle towards 4-stroke motorcycle Transportation 

1172 3.0 563.3 Shift from 2-stroke moped towards 4-stroke moped Transportation 

1474 2.0 565.3 Shift from 2-stroke scooter towards 4-stroke scooter Transportation 

 
 
Electricity 
The analysis for electricity generation in India finds that the GHG reduction potential in this 
sector is very large.  In addition, compared to the likely baseline technology that would be 
installed under BAU conditions,118 many of these reductions could be achieved in a highly cost-
effective manner.  Implementing all measures considered would reduce annual emissions in 
2020 by almost one-fifth below BAU levels—a 178 MMTCO2 reduction (see Figure 5.17). 
 

                                                           
118 Costs for coal, nuclear and renewable options are estimated by comparing to those of a new subcritical coal unit.  
Costs for the H-Frame combined cycle option are compared to those of a new combined cycle unit. 
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Figure 5.17  Electricity Sector CO2 Emissions in India under Various Scenarios 
 
Introduction of only measures costing less than $0 per ton would reduce emissions in 2020 
by 4% below BAU levels—a cut of 38 MMTCO2.  Promising options with cost savings 
include: 
• More efficient natural gas combined cycle facilities (a reduction of 3 MMTCO2 at a savings 

of $20 per ton) 
• Wind power plants (a reduction of 23 MMTCO2 at a savings of $6 per ton) 
• Nuclear power plants (a reduction of 146 MMTCO2 at a savings of $4 per ton) 
• Demand-side management reductions from end-use energy efficiency measures (an 

approximate reduction of 80 MMTCO2 and decrease in total generation needs of 7%) 
• Advanced coal technologies such as coal fluidized bed combustion (CFBC), supercritical 

and others would also be available at cost savings, although this analysis concludes that 
their penetration would only be marginal compared to the other options considered. 

 
Implementing measures that cost less than $10 per ton would achieve a 9% reduction in 
2020 below BAU levels—a reduction of 81 MMTCO2.  Promising additional options in this 
regard include: 
• Small hydro (a reduction of 29 MMTCO2 at a cost of $6 per ton) 
• IGCC based on imported coal 

 
Table 5.19. Electricity Sector Mitigation Options for India 

Sector Electricity 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenario in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 952 914 38 4% 
#2 (options < $5/ton CO2) 952 891 61 6% 
#3 (options < $10/ton CO2) 952 871 81 9% 
#4 (all options) 952 774 178 19% 
 
Mitigation in this sector will also produce significant co-benefits, particularly in the case of 
renewable energy.  The development of renewable energy technologies will create numerous 
new jobs in rural areas, which can in turn help to reduce India’s rural poverty and also decrease 
migration of rural populations to urban areas.  It will also reduce emissions of NOx and other air 
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pollutants considerably.  In addition, the accelerated diffusion of these technologies will improve 
the general knowledge and experience with them in the country, and may thus reduce their future 
costs and enhance their performance. 
 
Domestic policy options that might encourage the introduction of these measures, include: 
subsidies, tax credits, or development of renewable portfolio standards.  The government’s 
ongoing efforts to expand rural generation and electrification could also be coupled with an 
increased emphasis on wind and small hydro power for off-renewable power generation.  
Expanded demand-side management and energy efficiency programs in end-use sectors could be 
encouraged through government-industry partnerships to share knowledge and experience, as 
well as public capacity building efforts.  IGCC based on imported coal is a promising option for 
2020 and beyond.  While its potential is uncertain, it could be explored as an option along with 
carbon capture and sequestration (CCS) through a domestic pilot program to study and test the 
technologies and their applicability in India. 
 
Cement 
The cement industry in India is modern, with nearly 99% of cement produced in plants that are 
only about 10 years old on average.  In addition, the most inefficient plants are expected to be 
retired in the next few years, while the middle-aged plants are being upgraded to incorporate the 
latest technologies.  Therefore, the cement sector in India presents only a modest potential 
for emissions reductions—increased production of blended cements can reduce CO2 
emissions by approximately 3% below BAU (10 MMTCO2 reduction) in 2020—but the 
reductions are available at a net cost savings (see Figure 5.18) 
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Figure 5.18  Cement Sector CO2 Emissions in India Under Various Scenarios 
 
Table 5.20  Cement Sector Mitigation Options for India 

Sector Cement 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 334 324 10 3% 
#2 (options < $5/ton CO2) 334 - n/a n/a 
#3 (options < $10/ton CO2) 334 - n/a n/a 
#4 (all options) 334 324 10 3% 
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Potential additional emissions reductions in the sector, not analyzed, could be achieved through 
fuel-switching measures.  Improvements in the emissions intensity of cement manufacturing are 
limited by the insufficient supply of domestic coal.  In the analysis, it is assumed that higher-
emitting imported coal will be used to supplement domestic coal as its supply dwindles, but if an 
alternative fuel (and perhaps some financial assistance) could be found, greater emissions 
reductions may be possible from this sector.  Implementing co-generation technologies is another 
option that could reduce emissions but would likely require financial and technical assistance. 
 
 
Iron and Steel 
The single mitigation option considered for the iron and steel industry in India – building 
new Blast Furnace – Basic Oxygen Furnace (BF-BOF) plants instead of Direct Reduced 
Iron – Electric Arc Furnace (DRI-EAF) plants – has the potential to reduce emissions in 
this sector by 10% (32 MMT) in 2020 (see Figure 5.19).   
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Figure 5.19  Iron and Steel Sector CO2 Emissions in India Under Various Scenarios 
 
The potential may exist for even further emissions reductions from this sector because limited 
supplies of fuel and scrap iron are predicted to increase the emissions intensity of steel 
production in the next few decades, after an initial decline.  Future steel production is assumed to 
continue to be fueled by coal because demand in the power sector is expected to have priority for 
the available supply of natural gas.  Because domestic coal supplies are limited, as steel 
production rises, imported coal, which is higher emitting than domestic coal, makes a greater 
fraction of the industry’s fuel use.  In addition, India does not have large supplies of scrap iron, 
so the percentage of iron and steel produced in Scrap-EAF facilities is expected to drop from 
current levels (~24%) to 10% in 2036.  If policies or measures could be put in place to promote 
fuel-switching or increase scrap supplies, emissions could be reduced even further in this sector, 
but the costs of such reductions remains to be evaluated.  Tax incentives or subsidies may help 
entities to pursue such mitigation actions. 
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Table 5.21  Iron & Steel Sector Mitigation Options for India 
Sector Iron & Steel 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 317 - n/a n/a 
#2 (options < $5/ton CO2) 317 - n/a n/a 
#3 (options < $10/ton CO2) 317 - n/a n/a 
#4 (all options) 317 285 32 10% 
 
While the National Steel Policy 2005 is expected to support some of these reductions, the 
remainder could be attained through expansion of this policy but may instead require some 
type of financial or other incentive to the industry, as the reductions from this measure are 
not cost-effective (estimated at $83 per ton CO2).  This may include broadening the scope of 
the Steel Development Fund: Consolidated Fund of India which currently funds options such as 
improving blast furnace productivity and automation of production processes. 
 
 
Pulp and Paper 
Although the pulp and paper industry only accounts for about 1% of the CO2 emissions in the 
seven sectors examined in India, there is a large potential for emissions reductions.  Unlike the 
cement industry, many facilities in this sector are old.  In addition, the pulp and paper industry 
was long protected by the government, so there was no incentive for technological advancement, 
and the energy efficiency and technological sophistication of the average and best paper plants in 
India fall below those of the international community. 
 
The mitigation options evaluated for the pulp and paper industry in India can reduce CO2 
emissions by 25% below BAU in 2020—a reduction of 3 MMTCO2—and all of these 
reductions can be attained at less than $10 per ton (see Figure 5.20).   
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Figure 5.20.  Pulp and Paper Sector CO2 Emissions in India under Various Scenarios 
 
These mitigation options involve efficiency improvements – either retrofitting existing paper 
plants or constructing new plants that are more efficient than typical new facilities – and halting 
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the expected decline in the percentage of waste-based paper production.  The latter is expected to 
fall because significant amounts of waste paper is imported, and these imports are predicted to be 
phased out completely by 2036 due to concerns regarding their hazardous waste content. 
 
Table 5.22. Pulp & Paper Sector Mitigation Options for India 

Sector Pulp & Paper 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 12 - n/a n/a 
#2 (options < $5/ton CO2) 12 - n/a n/a 
#3 (options < $10/ton CO2) 12 9 3 25% 
#4 (all options) 12 9 3 25% 
 
Four of the five efficiency-based mitigation options in the pulp and paper sector are cost-
effective; only the construction of more efficient agri-based paper plants has a positive cost, and 
thus may require subsidies or other fiscal measures to achieve, but it nonetheless remains less 
than $10 per ton of CO2 reductions.119  The waste paper supply could be augmented by a 
program to increase domestic recycling (India’s waste paper collection rate is low from an 
international standpoint) or through regulation and monitoring of imported waste paper quality. 
 
 
Transportation 
CO2 emissions from the transportation sector are the fastest growing of the seven sectors 
analyzed in India, rising from 14% of the nation’s total from these sectors in 2000 to 27% of the 
total in 2020.  The transportation sector offers significant opportunity for emissions 
reductions, as mitigation options have been identified that will reduce emissions in 2020 by 
28% below BAU—a reduction of 179 MMTCO2, many of which are cost-effective.   
 
Existing government efforts to improve fuel-efficiency by 25% between 2001 and 2036 are 
expected to provide significant reductions, while the remaining reductions can be obtained by 
a package of measures – further fuel economy improvements, electrification of rail systems, 
increasing the shares of freight and passengers transported by rail, increasing the share of 
passenger road travel by public transport, and fuel switching to CNG and biodiesel (see 
Figure 5.21).   
 

                                                           
119 A cost analysis was not performed for the waste paper production option. 
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Figure 5.21.  Transportation Sector CO2 Emissions in India under Various Scenarios 
 
All measures, except for biodiesel, are estimated to be achieved at cost savings. 
 
However, the transportation sector is unique in that it is influenced to a large degree by public 
perception and consumer attitudes.  In many countries, for example, the personal prestige of car 
ownership has been identified as a key barrier to any attempts to increase the use of public 
transport.  Some mitigation options may therefore need some type of regulatory push or 
incentive to reach their full potential, even if they are cost-effective.  The Integrated Transport 
Policy 2001, Vision 2020 Transport, and a draft national urban transport policy have begun to 
address these issues, and each could be expanded or otherwise revised to include more concrete 
goals and mechanisms for their achievement.  Government-funded research and development 
would likely be needed to implement a biofuels program, as well as either international or 
domestic financial or technical assistance. 
 
Table 5.23  Transportation Sector Mitigation Options for India 

Sector Transportation 

Advanced Options 
Scenario 

BAU Baseline 
Emissions in 2020 

(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 644 - n/a n/a 
#2 (options < $5/ton CO2) 644 - n/a n/a 
#3 (options < $10/ton CO2) 644 - n/a n/a 
#4 (all options) 644 465 179 28% 

 
The mitigation options explored for India would provide benefits in addition to a reduction 
in GHG emissions.  Increasing the public transit and rail mode shares can reduce congestion, 
noise, and road wear, while improving safety.  Reduced use of motor fuels will also improve the 
country’s energy security, by reducing its dependence on imported oil, and lower the emissions 
of pollutants, such as nitrous oxides.  Decreased particulate emissions from diesel fuel, which 
accounts for about 80% of the motor fuel used in India today, would be a significant co-benefit 
of many of the CO2 mitigation options. 
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Table 5.24  All Sector Mitigation Options for India 
Sector TOTAL 

Advanced Options Scenario 
BAU Baseline 

Emissions in 2020 
(MMTCO2) 

Emissions under 
Scenarios in 2020 

(MMTCO2) 

Emissions 
Reduction from 

Baseline in 2020 
(MMTCO2) 

Percentage 
Reduction from 

Baseline in 2020 

#1 (options < $0/ton CO2) 2352 2304 49 2% 
#2 (options < $5/ton CO2) 2352 2281 72 3% 
#3 (options < $10/ton CO2) 2352 2258 95 4% 
#4 (all options) 2352 1959 394 17% 
 
 

V.D Role of International Policy in Domestic Implementation 
 
As discussed above, these countries are undertaking domestic “unilateral actions” which if fully 
implemented will contribute sizeable emissions reductions.  These reductions will make progress 
towards putting global emissions on a path towards lower stabilization levels, but further global 
reductions will be needed than achieved from these policies and programs alone.  The analysis in 
this project identified a range of mitigation options which can produce emissions reductions of 
the magnitude necessary to put global emissions on a lower stabilization level path.  These 
options are available at a range of costs, some of which are available at net savings while others 
suggest cost levels that without significant co-benefits may not seem attractive to these countries.  
In some cases, even options which are estimated to produce cost savings could benefit from 
further policy support as there can be non-economic barriers to their introduction.  Each of these 
elements suggests the need for a future international structure to climate change that: 
• Recognizes and encourages “unilateral actions” and 
• Provides incentives for more expensive actions. 

 
A future international policy which recognizes and encourages “unilateral actions” is 
needed.  “Unilateral policies and programs” already pursued in these countries if fully 
implemented could yield significant reductions in GHG emissions.  In the current debate around 
the future of the international response to climate change, these “unilateral actions” by 
developing countries are often not fully recognized and could benefit from further support.  In 
some cases, these reductions have greater certainty as they are supported by policies and 
programs with more likelihood of full enforcement.  In other cases, further support for achieving 
these reductions may be needed through domestic or international policies and programs.  This 
suggests that a future international effort to address climate change needs to establish 
mechanisms to recognize and encourage these and other “unilateral actions”, which could be 
supported through international efforts including the following: 
• Establishment of “pledge and review” process for “unilateral actions”.  A reporting 

system could be established to recognize the “unilateral actions” taken by these countries.  
This could serve as a means to “pledge” the unilateral actions that countries will undertake 
and serve as a mechanism to track progress against those actions.   

• Provide “positive incentives” for the successful implementation of these and further 
“unilateral actions”.  Supporting these countries in their unilateral actions could potentially 
benefit from “positive incentives” such as capacity building to understand the options that 
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are attractive for non-climate change reasons, assistance with full implementation and 
enforcement, technology support, help in overcoming non-economic barriers, among 
others. 

 
The future international policy also needs to provide incentives for the more expensive 
emissions reductions options available in these countries.  A range of mitigation options are 
available in these countries which can keep emissions on path for lower stabilization levels.  
While some of these could potentially be implemented “unilaterally” due to their cost savings, 
relatively low cost, or significant co-benefits, some of these options are available at relatively 
higher cost.  This suggests the need for a future international structure which can provide 
assistance for these more expensive options, including through: financial support, technology 
development and transfer assistance, and capacity building.  These efforts could be supported 
through a variety of international options under discussion, including (among others): 
 
• Sustainable Development Policies and Measures (SD-PAMs) where developing countries 

undertake actions primarily focused on their sustainable development and where climate 
change is considered a “co-benefit”(Winkler et al., 2002; Winkler et al., 2005; Bradley et 
al., 2005).120  Countries begin by examining their development priorities and identify how 
these could be achieved in a more sustainable manner, either by tightening existing policy 
or by implementing new measures.   In practice, a country might undertake a number of 
concrete steps under SD-PAMs (Winkler et al., 2005): identify policies and measures that 
would make the development path more sustainable; register nationally selected SD-PAMs 
in a registry maintained by the UNFCCC secretariat; mobilize investment and implement 
SD-PAMs; and review the implementation of specific SD-PAMs and quantify the changes 
in GHG emissions. 

 
• Sector-Based “No-Lose” Target where key developing countries would pledge to achieve a 

voluntary, sector-wide “no lose” GHG intensity target (e.g., GHG / ton of steel) in major 
energy and heavy industry sectors (Schmidt et al., 2006a121).  If a participating country does 
not meet the voluntary target, no sanctions are accrued. Emissions reductions achieved 
beyond the pledged target would be eligible for sale as emissions reductions credits (ERCs) 
to developed countries. Emissions reductions to meet the country’s pledge would be 
permanently “retired from the atmosphere” and thus would not be eligible for sale.  To 
encourage developing countries to pledge to meet more aggressive sectoral intensity targets, 
industrialized countries and international financial institutions (IFIs) would provide 
assistance through a Technology Finance and Assistance Package, aimed to support 
deployment of advanced technologies, development of small and medium-sized enterprises 
to assist in technology implementation, capacity-building activities, and pilot and 
demonstration projects. 

 
                                                           
120 Baumert, K and Winkler, H (2005). SD-PAMs and international climate agreements. Chapter 2. R Bradley, K 
Baumert and J Pershing (Eds). Growing in the greenhouse: Protecting the climate by putting development first. 
Washington DC, World Resources Institute. Available at: www.erc.uct.ac.za/publications/gig_chapter2.pdf  
121 Schmidt, J., Helme, N., Lee, J., Houdashelt, M. (2006). Sector-based Approach to the Post-2012 Climate Change 
Policy Architecture. Future Actions Dialogue Working Paper, Center for Clean Air Policy, Washington, DC. 
Available at: www.ccap.org/international/Sector%20Straw%20Proposal%20-
%20FINAL%20for%20FAD%20Working%20Paper%20%7E%208%2025%2006.pdf  
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• Sectoral Approaches to the CDM where sector-wide policies are adopted and net emissions 
reductions achieved in all facilities—not just the ones reducing emissions—in a single 
sector (e.g., electricity) or sub-sector (e.g., grid connected electricity) below the level that 
would have occurred without the project are eligible to generate emissions reduction credits 
for sale (Schmidt et al., 2006b122; Figueres, 2006123).   This approach would require a 
baseline into the future—which could be a business as usual projection or an intensity 
level—that took account of the emissions for the entire sector without the project.  
Emissions reduction credits could be generated for the entire reduction below the baseline 
or could be discounted—with only a portion available for sale—and the remainder 
representing the developing country’s “contribution to protection of the atmosphere”. 

                                                           
122 Schmidt, J., Silsbe, E., Lee, J., Winkelman, S., Helme, N, Garibaldi, J. 2006b. ”Program of Activities” as CDM 
Projects: Implications of the Montreal Decision. Clean Development Mechanism Dialogue Working Paper, Center 
for Clean Air Policy, Washington, DC. 
123 Figueres, C. (2006). Sectoral CDM: Opening the CDM to the yet Unrealized Goal of Sustainable Development. 
McGill International Journal of Sustainable Development Law & Policy, 2 (1) 
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Appendix I: Integrated Marginal Abatement Cost (MAC) Curves 
 

• China 
 

Marginal 
Abatement Cost 

($/metric ton 
CO2e) 

Total Emission 
Reduction 

(MMTCO2e)124 

Cumulative 
Reduction 

(MMTCO2e) 
Mitigation Options Sector 

-18.4 19.1 19.1 Transmission Technologies Transportation 
-12.0 43.8 62.9 Vehicle Technologies Transportation 
-11.9 136.0 198.9 Engine Technologies Transportation 
-11.1 3.8 202.7 Engine-Transmission-Vehicle Technologies Transportation 
-4.5 23.5 226.2 Preventative Maintenance Cement 
-3.8 21.5 247.7 Use of Waste Derived Fuels Cement 
-3.6 5.7 253.4 CFBC (Circulating Fluidized Bed Combustion) Electricity  
-3.6 3.6 257.0 Establish energy management center Iron and Steel 
-3.0 38.0 295.0 Demand side management Electricity  
-2.4 19.5 314.5 Process management and Control Cement 
-1.9 11.3 325.8 Kiln Shell Heat Loss Reduction Cement 
0.2 8.2 334.0 High-Efficiency Motors and Drives Cement 
0.9 10.2 344.2 Active Additives Cement 
1.5 14.3 358.5 Composite Cement Cement 
2.6 2.8 361.3 BRT Transportation 
3.0 9.1 370.4 Advanced coke oven Iron and Steel 
3.8 49.1 419.5 Conversion to Multi-stage pre-heater kiln Cement 
4.1 34.8 454.3 Combustion System Improvement Cement 
5.4 24.6 478.9 Advanced blast furnace technology Iron and Steel 
5.7 25.1 504.0 Reconstruction of conventional thermal power Electricity  
6.0 29.7 533.7 Supercritical/Ultra supercritical plant  Electricity  
6.6 28.6 562.3 High-efficiency roller mills Cement 
8.2 43.6 605.9 Adjust ratio of iron/steel Iron and Steel 
9.7 10.2 616.1 High-efficiency Powder Classifiers Cement 

12.7 3.7 619.7 Efficient transport systems Cement 
19.2 136.9 756.6 Nuclear power Electricity  
21.5 10.3 766.9 Fuel Switch Transportation 
30.4 3.5 770.5 Dry coke quenching Iron and Steel 
31.0 171.2 941.7 Hydropower Electricity  
31.6 10.8 952.4 Advanced sinter machine Iron and Steel 
32.7 4.2 956.6 Natural gas Electricity  
34.9 4.4 961.1 Advanced direct steel rolling machine Iron and Steel 
38.0 7.6 968.7 Wind power Electricity  

38.8 14.1 982.8 IGCC (Integrated Gasification Combined-Cycle) & 
PFBC (Pressurized Fluidized Bed Combustion) Electricity  

52.7 25.6 1008.4 Smelt reduction technology Iron and Steel 
53.3 5.0 1013.4 CCS (Carbon Capture and Storage) Electricity  
61.0 7.6 1021.0 Advanced converter Iron and Steel 

131.4 5.7 1026.7 Advanced EAF Iron and Steel 
133.7 11.4 1038.1 Solar thermal Electricity  

 

                                                           
124 Emission reductions in the iron and steel sector have not been adjusted for emissions due to secondary energy 
consumption or electricity use. 
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Figure A.1. Marginal Abatement Cost Curves for the All Sectors in China in 2020



 

Center for Clean Air Policy page 121 
 

India 
 

Marginal 
Abatement 

Cost 

Total 
Emission 
Reduction 

Cumulative 
Emission 
Reduction 

($/metric ton 
CO2e) (MMTCO2e) (MMTCO2e) 

Mitigation Options Sector 

-2081 37.0 37.0 Switch towards CNG from conventional fuel based vehicles Transportation 
-20.48 3.2 40.2 H -Frame Combined Cycle Gas Based Plant (60% Efficiency) Electricity 
-16.28 0.8 40.9 Wood based efficient  -2 Pulp and Paper 
-14.68 0.2 41.2 Retrofit- waste paper based Pulp and Paper 
-14.68 0.2 41.4 Retrofit agro based Pulp and Paper 
-7.52 6.8 48.2 6 Stage producing PPC cement Cement 

-7 36.0 84.2 Enhanced share of public-transport Transportation 
-6.65 3.8 88.0 6 Stage producing PSC cement Cement 
-6.22 23.4 111.4 Wind Power Plant Electricity 

-5 8.0 132.4 Higher share of rail in freight movement + electrification Transportation 
-4 13.0 124.4 Higher share of rail in passenger movement Transportation 

-3.76 0.3 132.7 Waste paper based efficient Pulp and Paper 
-3.59 145.9 278.6 Nuclear Power Plant Electricity 

0 119.0 397.6 Efficiency improvements Transportation 
6.12 29.1 426.7 Small Hydro Plant Electricity 
6.67 0.3 427.0 Agro based - efficient Pulp and Paper 

83.06 19.4 446.3 BF-BOF -Efficient Iron and Steel 
130 108.0 554.3 Replacing diesel by bio-diesel Transportation 
144 6.0 560.3 Shift from 2-stroke motorcycle towards 4-stroke motorcycle Transportation 

1172 3.0 563.3 Shift from 2-stroke moped towards 4-stroke moped Transportation 

1474 2.0 565.3 Shift from 2-stroke scooter towards 4-stroke scooter Transportation 
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Figure A.2. Marginal Abatement Cost Curves for the All Sectors in India in 2020125 
 
 

                                                           
125 One very low cost measure (switch towards CNG from conventional fuel based vehicles in transportation) and 
two very high cost measures (shift from 2-stroke moped towards 4-stroke moped and shift from 2-stroke scooter 
towards 4-stroke scooter in transportation) were not included in the MAC curve. 
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• Brazil 
 

Marginal 
Abatement Cost 

($/metric ton 
CO2e) 

Total 
Emission 
Reduction 

(MMTCO2e) 

Cumulative 
Reduction 

(MMTCO2e) 
Mitigation Options Sector 

-182.5 6.21 6.21 Efficiency gains Transportation 

-115.7 15.2 21.4 Small Hydro Electricity  

 -12.9 to -15.1 39.2* n/a Increasing Thermal Efficiency Cement 

-9.7 19.5* n/a Reducing Clinker ratio Cement 

30.1 21.2 42.6 Flex fuel vehicles Transportation 

30.9 19.6 62.2 Sugar-cane bagasse Electricity  

51.1 19.8 82.0 Wind power Electricity  

107.6 10.0 92.0 Biodiesel Transportation 
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Figure A.3. Marginal Abatement Cost Curves for the All Sectors in Brazil in 2020126 
 

                                                           
126 Total reductions for cement measure are for a multiyear period. 
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Appendix II: Results of Mitigation Analysis by Sector and Country (Data) 
• Electricity Sector  

 
o China 

 Pre-2000 Policy Scenario 
Total Fuel Consumption (PJ) 

Year 
Total 

Production 
(TWh) Coal Fuel Oil Natural 

Gas All Fuels 

CO2 
emissions 
(MMTCO2) 

Fuel 
Intensity  

(MJ/kWh) 

Emissions 
Intensity 

(MTCO2/MWh) 
2000 1368.5 12913 427.9 255.3 13596 1199 9.93 0.88 
2005 1840.6 16617 508.4 420.6 17546 1567 9.53 0.85 
2010 2312.7 19935 554.4 625.6 21115 1877 9.13 0.81 
2015 3179.2 26779 579.9 919.3 28278 2509 8.90 0.79 
2020 4045.7 33282 506.0 1245 35033 3102 8.66 0.77 
2025 5664 45362 383.7 1876 47621 4206 8.41 0.74 
2030 7282.3 56737 75.9 2581 59394 5231 8.16 0.72 

   
CO2 Emissions by Fuel Type (MMTCO2) 

 2000 2005 2010 2015 2020 2025 2030 
Coal 1157 1512 1809 2424 3006 4087 5099 
Oil 29.1 34.6 37.8 39.5 34.5 26.1 5.2 

Gas 13.0 20.8 30.9 45.4 61.5 92.6 127.5 
Total 1199 1567 1877 2509 3102 4206 5231 

 
CO2 Emissions Intensity by Fuel Type (MTCO2/MWh) 

 2000 2005 2010 2015 2020 2025 2030 
Coal 1.11 1.14 1.14 1.16 1.18 1.18 1.19 
Oil 0.71 0.79 0.91 0.91 0.93 0.92 0.69 

Gas 0.47 0.47 0.46 0.46 0.46 0.46 0.46 
Total 0.88 0.85 0.81 0.79 0.77 0.74 0.72 

 
 Recent Policy Scenario 

Total Fuel Consumption (PJ) 
Year 

Total 
Production 

(TWh) Coal Fuel Oil Natural 
Gas All Fuels 

CO2 
emissions 
(MMTCO2) 

Fuel 
Intensity  

(MJ/kWh) 

Emissions 
Intensity 

(MTCO2/MWh) 
2000 1368.5 12913 428 255 13596 1199 9.93 0.88 
2005 1840.6 16595 470 421 17486 1563 9.50 0.85 
2010 2312.7 19882 458 626 20965 1865 9.06 0.81 
2015 3179.2 26154 497 919 27570 2445 8.67 0.77 
2020 4045.7 31785 464 1245 33494 2960 8.28 0.73 
2025 5664 43510 354 1876 45740 4031 8.08 0.71 
2030 7282.3 54670 76 2581 57327 5038 7.87 0.69 

 
CO2 Emissions by Fuel Type (MMTCO2) 

 2000 2005 2010 2015 2020 2025 2030 
Coal 1157 1510 1803 2366 2866 3914 4906 
Oil 29.1 32.0 31.2 33.8 31.6 24.1 5.2 

Gas 13.0 20.8 30.9 45.4 61.5 92.6 127.5 
Total 1199 1563 1865 2445 2960 4031 5038 

 
CO2 Emissions Intensity by Fuel Type (MTCO2/MWh) 

 2000 2005 2010 2015 2020 2025 2030 
Coal 1.11 1.14 1.14 1.13 1.12 1.13 1.14 
Oil 0.71 0.72 0.74 0.79 0.88 0.85 0.69 

Gas 0.47 0.47 0.46 0.46 0.46 0.46 0.46 
Total 0.88 0.85 0.81 0.77 0.73 0.71 0.69 
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 Advanced Options scenario #1 (all negative or zero cost options) 
Total Fuel Consumption (PJ) 

Year 
Total 

Production 
(TWh) Coal Fuel 

Oil 
Natural 

Gas All Fuels 

CO2 
emissions 
(MMTCO2) 

Fuel 
Intensity  

(MJ/kWh) 

Emissions 
Intensity 

(MTCO2/MWh) 
2000 1368.5 12913 427.9 255.3 13596 1199 9.93 0.88 
2005 1840.6 16579 507.4 419.8 17506 1564 9.51 0.85 
2010 2312.7 19841 552.2 623.1 21016 1868 9.09 0.81 
2015 3179.2 26568 576 913.1 28058 2489 8.83 0.78 
2020 4045.7 32811 499.8 1230 34541 3058 8.54 0.76 
2025 5664.0 44595 378.1 1848 46822 4135 8.27 0.73 
2030 7282.3 55613 74.6 2537 58225 5128 8.00 0.70 

 
CO2 Emissions (MMTCO2) CO2 Intensity (MTCO2/MWh) 

Year 
Coal Oil Natural Gas Total  Coal Oil Natural Gas Total  

2000 1157 29.1 13.0 1199 1.11 0.71 0.47 0.88 
2005 1509 34.5 20.8 1564 1.14 0.78 0.46 0.85 
2010 1800 37.6 30.8 1869 1.14 0.90 0.46 0.81 
2015 2405 39.2 45.1 2489 1.15 0.91 0.46 0.78 
2020 2963 34.1 60.7 3058 1.16 0.94 0.45 0.76 
2025 4018 25.7 91.2 4135 1.16 0.91 0.45 0.73 
2030 4998 5.11 125.3 5128 1.16 0.70 0.45 0.70 

 
 Advanced Options scenario #2 (all cost options $5 or less) 

Same as Advanced Options scenario #1 
 

 Advanced Options scenario #3 (all cost options $10 or less) 
Total Fuel Consumption (PJ) 

Year 
Total 

Production 
(TWh) Coal Fuel 

Oil 
Natural 

Gas 
All 

Fuels 

CO2 
emissions 
(MMTCO2) 

Fuel 
Intensity  

(MJ/kWh) 

Emissions 
Intensity 

(MTCO2/MWh) 
2000 1368.5 12913 427.9 255.3 13596 1199 9.93 0.88 
2005 1840.6 16579 507.4 419.8 17506 1561 9.51 0.85 
2010 2312.7 19841 552.2 623.1 21016 1862 9.09 0.81 
2015 3179.2 26567 576.0 913.1 28056 2475 8.82 0.78 
2020 4045.7 32808 499.8 1230 34538 3033 8.54 0.75 
2025 5664.0 44592 378.1 1848 46818 4094 8.27 0.72 
2030 7282.3 55608 74.6 2537 58220 5069 7.99 0.70 

 
CO2 Emissions (MMTCO2) CO2 Intensity (MTCO2/MWh) 

Year 
Coal Oil Natural Gas Total  Coal Oil Natural Gas Total  

2000 1157 29.1 13.0 1199 1.11 0.71 0.47 0.88 
2005 1506 34.5 20.8 1561 1.13 0.78 0.46 0.85 
2010 1794 37.6 30.8 1862 1.13 0.90 0.46 0.81 
2015 2391 39.2 45.1 2475 1.14 0.91 0.46 0.78 
2020 2938 34.1 60.7 3033 1.15 0.94 0.45 0.75 
2025 3977 25.7 91.2 4094 1.15 0.91 0.45 0.72 
2030 4938 5.11 125.3 5069 1.15 0.70 0.45 0.70 

 
 Advanced Options scenario #4 (all feasible options) 

Total Fuel Consumption (PJ) 
Year 

Total 
Production 

(TWh) Coal Fuel 
Oil 

Natural 
Gas 

All 
Fuels 

CO2 
emissions 
(MMTCO2) 

Fuel 
Intensity  

(MJ/kWh) 

Emissions 
Intensity 

(MTCO2/MWh) 
2000 1368.5 12913 427.9 255.3 13596 1199 9.93 0.88 
2005 1840.6 16138 460.4 420.6 17019 1520 9.25 0.83 
2010 2312.7 18733 433.9 625.6 19792 1758 8.56 0.76 
2015 3179.2 24105 447.3 919.3 25471 2253 8.01 0.71 
2020 4045.7 28579 379.5 1245 30203 2658 7.47 0.66 
2025 5664.0 37664 295.2 1876 39835 3488 7.03 0.62 
2030 7282.3 45409 75.9 2581 48066 4184 6.60 0.57 
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CO2 Emissions (MMTCO2) CO2 Intensity (MTCO2/MWh) 

Year 
Coal Oil Natural Gas Total  Coal Oil Natural Gas Total  

2000 1157 29.1 13.0 1199 1.11 0.71 0.47 0.88 
2005 1468 31.40 20.8 1520 1.10 0.71 0.46 0.83 
2010 1698 29.5 30.9 1758 1.07 0.71 0.46 .076 
2015 2177 30.5 45.4 2253 1.04 0.71 0.46 0.71 
2020 2571 25.80 61.5 2658 1.01 0.71 0.46 0.66 
2025 3375 20.10 92.6 3488 0.98 0.71 0.46 0.62 
2030 4051 5.20 127.5 4184 0.94 0.71 0.46 0.57 

 
 

o India 
 

 Pre-2000 Policy Scenario 
Total Fuel Consumption (PJ) 

Year Total Electricity 
Generation (TWh) Coal Gas Oil Total 

CO2 emissions 
(MMTCO2) 

Emissions 
Intensity 

(MTCO2/MWh) 
2001 561 4659 487 112 5259 440 0.78 
2006 734 5601 820 138 6559 547 0.75 
2011 991 5692 1471 96 7259 591 0.60 
2016 1388 6981 2393 87 9461 762 0.55 
2021 1994 8446 4630 96 13172 999 0.50 
2026 2751 15221 4953 106 20279 1664 0.60 
2031 3773 25804 4930 117 30851 2672 0.71 

 
CO2 Emissions (million metric tons) CO2 Intensity (MTCO2/MWh) 

Year 
Coal Gas Oil Total All Fuels Coal Gas Oil Total All Fuels 

2001 404 27 8 440 1.04 0.48 0.81 0.78 
2006 491 46 10 547 1.02 0.44 0.78 0.75 
2011 502 82 7 591 0.98 0.42 0.78 0.60 
2016 622 134 6 762 0.98 0.40 0.80 0.55 
2021 734 258 7 999 0.95 0.38 0.78 0.50 
2026 1,380 276 8 1664 0.99 0.37 0.78 0.60 
2031 2,388 275 9 2672 1.01 0.37 0.78 0.71 

 
Electricity Generation (both grid-based and captive) (in TWh) 

Year 
Coal Gas Oil Hydro Nuclear Wind and Solar Total 

2001 389 57 10 82 20 3 561 
2006 482 103 13 105 24 7 734 
2011 511 194 9 222 49 7 991 
2016 634 336 8 302 101 7 1,388 
2021 770 684 9 371 153 7 1,994 
2026 1,397 744 10 440 153 7 2,751 
2031 2,372 734 11 496 153 7 3,773 

 
 Recent Policy Scenario 

Total Fuel Consumption (PJ) 
Year Total Electricity 

Generation (TWh) Coal Gas Oil Total 
CO2 emissions 

(MMTCO2) 
Emissions 
Intensity 

(MTCO2/MWh) 
2001 561 4659 487 112 5259 440 0.78 
2006 784 6216 767 138 7120 603 0.77 
2011 1063 6458 1471 96 8026 662 0.62 
2016 1474 7917 2393 87 10397 846 0.57 
2021 2114 9616 4710 96 14422 1116 0.53 
2026 2918 17181 4872 106 22158 1848 0.63 
2031 4012 28584 4824 117 33526 2936 0.73 
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CO2 Emissions (million metric tons) CO2 Intensity (MTCO2/MWh) 

Year 
Coal Gas Oil Total All 

Fuels Coal Gas Oil Total All 
Fuels 

2001 404 27 8 440 1.04 0.48 0.81 0.78 
2006 550 43 10 603 1.02 0.45 0.78 0.77 
2011 573 82 7 662 0.98 0.42 0.78 0.62 
2016 706 134 6 846 0.98 0.40 0.80 0.57 
2021 846 263 7 1116 0.96 0.38 0.78 0.53 
2026 1,568 272 8 1848 0.99 0.37 0.78 0.63 
2031 2,658 269 9 2936 1.01 0.38 0.78 0.73 

 
Electricity Generation (both grid-based and captive) (in TWh) Year Coal Gas Oil Hydro Nuclear Wind and Solar Total 

2001 389 57 10 82 20 3 561 
2006 539 96 13 105 24 7 784 
2011 583 194 9 222 49 7 1063 
2016 720 336 8 302 101 7 1474 
2021 878 696 9 371 153 7 2114 
2026 1577 731 10 440 153 7 2918 
2031 2628 718 11 496 153 7 4012 

 
 Advanced Options (Mitigation) Scenario #1 (All negative and less than zero cost options) 

Total Fuel Consumption (PJ) 
Year 

Total 
Production 

(TWh) Coal Gas Oil All 
Fuels 

CO2 
emissions 
(MMTCO2) 

Fuel 
Intensity  

(MJ/ 
kWh) 

Emissions 
Intensity 

(MTCO2/MWh) 

2001 561 4659 487 112 5259 440 9.37 0.78 
2006 734 5603 820 138 6560 548 8.94 0.75 
2011 991 5596 1471 96 7164 582 7.23 0.59 
2016 1388 6374 2629 87 9090 727 6.55 0.52 
2021 1994 7895 3933 96 11924 960 5.98 0.48 
2026 2751 11475 4953 106 16534 1343 6.01 0.49 
2031 3773 18773 4930 117 23820 2090 6.31 0.55 

 
CO2 Emissions (Million metric tons) CO2 Intensity (MTCO2/MWh) 

Year 
Coal Gas Oil Total Coal Gas Oil Total 

2001 404 27 8 440 1.04 0.48 0.81 0.78 
2006 492 46 10 548 1.02 0.45 0.81 0.75 
2011 492 83 7 582 0.96 0.43 0.81 0.59 
2016 573 148 6 727 0.97 0.39 0.81 0.52 
2021 732 221 7 960 1.00 0.38 0.81 0.48 
2026 1057 278 8 1343 0.96 0.35 0.81 0.49 
2031 1805 277 9 2090 0.92 0.35 0.81 0.55 

 
Annual Electricity Generation (TWh) 

Year 
Coal Gas Oil Hydro Nuclear Wind and Solar Total 

2001 389 57 10 82 20 3 561 
2006 482 103 13 105 24 7 734 
2011 511 194 9 222 49 7 991 
2016 593 377 8 302 101 7 1388 
2021 734 584 9 371 289 7 1994 
2026 1101 795 10 440 398 7 2751 
2031 1959 795 11 496 506 7 3773 
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 Advanced Options Scenario #2 (all cost options $5 or less) 
Total Fuel Consumption (PJ) 

Year Total Production 
(TWh) Coal Gas Oil All 

Fuels 

CO2 emissions 
(MMTCO2) 

Fuel Intensity  
(MJ/kWh) 

Emissions Intensity 
(MTCO2/MWh) 

2001 561 4659 487 112 5259 440 9.37 0.78 
2006 734 5603 820 138 6560 548 8.94 0.75 
2011 991 5502 1471 96 7069 573 7.13 0.58 
2016 1388 6129 2629 87 8846 704 6.37 0.51 
2021 1994 7672 3899 96 11667 937 5.85 0.47 
2026 2751 10711 4953 106 15770 1312 5.73 0.48 
2031 3773 17981 4930 117 23028 1980 6.10 0.52 

 
CO2 Emissions (million metric tons) CO2 Intensity (MTCO2/MWh) 

Year 
Coal Gas Oil Total All Fuels Coal Gas Oil Total All Fuels 

2001 404 27 8 440 1.04 0.48 0.81 0.78 
2006 492 46 10 548 1.02 0.45 0.81 0.75 
2011 483 83 7 573 0.96 0.43 0.81 0.58 
2016 550 148 6 704 0.96 0.39 0.81 0.51 
2021 711 219 7 937 0.99 0.38 0.81 0.47 
2026 1026 278 8 1312 0.95 0.35 0.81 0.48 
2031 1695 277 9 1980 0.88 0.35 0.81 0.52 

 
Annual Electricity Generation (TWh) 

Year 
Coal Gas Oil Hydro Nuclear Other Total 

2001 389 57 10 82 20 3 561 
2006 482 103 13 105 24 7 734 
2011 501 194 9 222 49 17 991 
2016 575 377 8 302 101 25 1388 
2021 718 578 9 371 289 29 1994 
2026 1076 795 10 440 398 32 2751 
2031 1930 795 11 496 506 35 3773 

 
 Advanced Options Scenario #3 (all cost options $10 or less) 

Total Fuel Consumption (PJ) 
Year 

Total 
Production 

(TWh) Coal Gas Oil All 
Fuels 

CO2 
emissions 
(MMTCO2) 

Fuel 
Intensity 

(MJ/kWh) 

Emissions 
Intensity 

(MTCO2/MWh) 
2001 561 4659 487 112 5259 440 9.37 0.78 
2006 734 5603 820 138 6560 548 8.94 0.75 
2011 991 5502 1471 96 7069 573 7.13 0.58 
2016 1388 5924 2629 87 8641 684 6.23 0.49 
2021 1994 7467 3899 96 11462 917 5.75 0.46 
2026 2751 10506 4953 106 15565 1250 5.66 0.45 
2031 3773 17776 4930 117 22823 1960 6.05 0.52 

 
CO2 Emissions (million metric tons) CO2 Intensity (MTCO2/MWh) 

Year 
Coal Gas Oil Total All Fuels Coal Gas Oil Total All Fuels 

2001 404 27 8 440 1.04 0.48 0.81 0.78 
2006 492 46 10 548 1.02 0.45 0.81 0.75 
2011 483 83 7 573 0.96 0.43 0.81 0.58 
2016 530 148 6 684 0.97 0.39 0.81 0.49 
2021 691 219 7 917 1.00 0.38 0.81 0.46 
2026 964 278 8 1250 0.92 0.35 0.81 0.45 
2031 1675 277 9 1960 0.88 0.35 0.81 0.52 
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Annual Electricity Generation (TWh) 

Year 
Coal Gas Oil Hydro Nuclear Other Total 

2001 389 57 10 82 20 3 561 
2006 482 103 13 105 24 7 734 
2011 501 194 9 222 49 17 991 
2016 548 377 8 329 101 25 1388 
2021 691 578 9 398 289 29 1994 
2026 1049 795 10 468 398 32 2751 
2031 1903 795 11 523 506 35 3773 

 
 Advanced Options Scenario #4 (all feasible options) 

Total Fuel Consumption (PJ) 
Year Total Production 

(TWh) Coal Gas Oil All 
Fuels 

CO2 
emissions 
(MMTCO2) 

Fuel 
Intensity  

(MJ/kWh) 

Emissions 
Intensity 

(MTCO2/MWh) 
2001 561 4659 487 112 5259 440 9.37 0.78 
2006 758 5933 767 138 6838 576 9.03 0.76 
2011 960 5320 1430 96 6846 550 7.13 0.57 
2016 1283 5038 2557 87 7682 589 5.99 0.46 
2021 1852 7330 3123 98 10551 820 5.70 0.44 
2026 2559 10415 3899 106 14420 1171 5.64 0.46 
2031 3507 17185 3611 117 20914 1836 5.96 0.52 

 
CO2 Emissions (million metric tons) CO2 Intensity (MTCO2/MWh) 

Year 
Coal Gas Oil Total All Fuels Coal Gas Oil Total All Fuels 

2001 404 27 8 440 1.04 0.48 0.81 0.78 
2006 523 43 10 576 0.96 0.45 0.81 0.76 
2011 463 80 7 550 1.04 0.43 0.81 0.57 
2016 439 143 6 589 0.97 0.39 0.81 0.46 
2021 638 175 7 820 1.10 0.38 0.82 0.44 
2026 945 219 8 1171 1.03 0.35 0.81 0.46 
2031 1625 203 9 1836 0.97 0.35 0.81 0.52 

 
Annual Electricity Generation (TWh) 

Year 
Coal Gas Oil Hydro Nuclear Wind and Solar Total 

2001 389 57 10 82 20 3 561 
2006 513 96 13 105 24 7 758 
2011 475 188 9 222 49 17 960 
2016 452 368 8 329 101 25 1283 
2021 664 464 9 398 289 29 1852 
2026 1026 626 10 468 398 32 2559 
2031 1861 571 11 523 506 35 3507 

 
o Brazil 

 
 Pre-2000 Policy Scenario 

Total Fuel Consumption (PJ) 
Year 

Total 
production 

(TWh) Coal Natural 
Gas Oil All Fuels 

Total GHG 
Emissions 
(MMTCO2) 

Energy 
Intensity 
(PJ/TWh) 

Emissions 
Intensity 

(MTCO2/MWh) 
2000 343.32  82.50 36.63 96.00 215.13 23.10 0.6266 0.067 
2005 403.66  91.50 69.48 110.16 271.14 21.80 0.6717 0.054 
2010 546.32  160.80 292.32 56.40 509.52 36.93 0.9326 0.068 
2015 625.92  160.80 297.72 58.20 516.72 37.32 0.8255 0.060 
2020 703.27  160.80 309.87 63.12 533.79 38.28 0.7590 0.054 
2025 795.94  160.80 270.36 117.72 548.88 40.24 0.6896 0.051 
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Annual Power Generation (TWh) 

Year 
Coal Oil Natural Gas Hydro Nuclear Other Total 

2000 8.25 8.00 4.07 288.65 6.05 28.30 343.32 
2005 9.15 9.18 7.72 359.17 12.88 5.56 403.66 
2010 16.08 4.70 32.48 474.62 12.88 5.56 546.32 
2015 16.08 4.85 33.08 553.47 12.88 5.56 625.92 
2020 16.08 5.26 34.43 629.06 12.88 5.56 703.27 
2025 16.08 9.81 30.04 721.57 12.88 5.56 795.94 

 
 Recent Policy Scenario 

Total Fuel Consumption (PJ) 
Year 

Total 
production 

(TWh) Coal Natural 
Gas Oil All Fuels 

Total GHG 
Emissions 
(MMTCO2) 

Energy 
Intensity 
(PJ/TWh) 

Emissions 
Intensity 

(MTCO2/MWh) 
2000 343.32 82.50 36.63 96.00 215.13 23.10 0.6266 0.067 
2005 373.44 91.50 87.48 66.36 245.34 19.51 0.6570 0.052 
2010 418.56 129.30 81.45 52.44 263.19 22.44 0.6288 0.054 
2015 523.29 129.30 297.90 54.12 481.32 33.50 0.9198 0.064 
2020 630.94 129.30 313.02 34.44 476.76 32.81 0.7556 0.052 
2025 722.35 129.30 328.50 42.36 500.16 34.15 0.6924 0.047 

 
Annual Power Generation (TWh) Year 

Coal Oil Natural Gas Hydro Nuclear Other Total 
2000 8.25 8.00 4.07 288.65 6.05 28.30 343.32 
2005 9.15 5.53 9.72 322.12 12.88 14.04 373.44 
2010 12.93 4.37 9.05 357.65 12.92 21.64 418.56 
2015 12.93 4.51 33.10 431.48 12.88 28.39 523.29 
2020 12.93 2.87 34.78 531.73 12.88 35.75 630.94 
2025 12.93 3.53 36.50 620.76 12.88 35.75 722.35 

 
 Advanced Options Scenario #4 (All Feasible Options) 

Total Fuel Consumption (PJ) 
Year 

Total 
production 

(TWh) Coal Natural 
Gas Oil All Fuels 

Total GHG 
Emissions 
(MMTCO2) 

Energy 
Intensity 
(PJ/TWh) 

Emissions 
Intensity 

(MTCO2/MWh) 
2000 343.32 82.50 36.63 96.00 215.13 23.10 0.6266 0.067 
2005 368.53 91.50 87.48 66.36 245.34 19.51 0.6657 0.053 
2010 408.35 91.50 87.48 52.44 231.42 18.49 0.5667 0.045 
2015 502.65 91.50 87.48 52.80 231.78 18.51 0.4611 0.037 
2020 610.21 91.50 87.48 31.20 210.18 16.92 0.3444 0.028 
2025 632.49 91.50 87.48 35.40 214.38 17.22 0.3389 0.027 

 
Annual Power Generation (TWh) 

Year 
Coal Oil Natural Gas Hydro Nuclear Other Total 

2000 8.25 8.00 4.07 288.65 6.05 28.30 343.32 
2005 9.15 5.53 9.72 299.62 12.88 31.63 368.53 
2010 9.15 4.37 9.72 337.39 12.92 34.80 408.35 
2015 9.15 4.40 9.72 418.27 12.88 48.23 502.65 
2020 9.15 2.60 9.72 523.44 12.88 52.42 610.21 
2025 9.15 2.95 9.72 523.44 12.88 74.35 632.49 
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• Cement  
 

o China 
 Pre-2000 Policy Scenario 

Total Fuel Consumption 
Year 

Total 
Production 
(Mt cement) Coal Gasoline Natural 

Gas All Fuels Electricity  
(PJ) 

Total 
Energy 

(PJ, fuel+ 
electricity) 

CO2 
emissions 
(MMTCO2) 

Fuel Intensity  
(GJ/ ton 
cement) 

Energy Intensity 
(GJ/metric ton 

cement) 

Emissions 
Intensity (metric 

ton CO2 / ton 
cement) 

2000 718.3 3285.8 87.7  3712 338.5 3712 678.4 4.7 5.17 0.944 
2005 881.5 4070.3 110.3  4593.6 413 4489 839.3 4.62 5.21 0.952 
2010 1044.8 4868.7 133.8  5489.2 486.7 5241 1000.3 4.55 5.25 0.957 
2015 1132.3 5254.3 144.3  5923.7 525 5551 1075.2 4.43 5.23 0.95 
2020 1219.8 5636.5 154.7  6354.3 563.1 5841 1158.2 4.32 5.21 0.949 
2025 1323.6 6090.3 167.1  6865.4 608 6191 1253.2 4.21 5.19 0.947 
2030 1427.4 6540.1 179.3  7371.8 652.4 6518 1335.2 4.1 5.16 0.936 
 

CO2 Emissions 
(MMTCO2) 

2000 2005 2010 2015 2020 2025 2030 

Gasoline 4.3 5.4 6.6 7.1 7.6 8.3 8.9 
Electricity 35.9 43.9 51.7 55.8 59.8 64.6 69.3 

Coal 299.9 371.5 444.4 479.6 514.5 555.9 596.9 
Total 340.2 420.8 502.7 542.5 581.9 628.7 675.1 

Process 338.2 418.5 497.6 532.7 576.3 624.5 660.1 
Total 678.4 839.3 1000.3 1075.2 1158.2 1253.2 1335.2 

 
 Recent Policy Scenario 

Total Fuel Consumption 
Year 

Total 
Production (Mt 

cement) Coal Gasoline Natural 
Gas All Fuels Electricity  

(PJ) 

Total 
Energy (PJ, 

fuel+ 
electricity) 

CO2 
emissions 
(MMTCO2) 

Fuel Intensity   
(GJ/ton 
cement) 

Energy Intensity 
(GJ/ton cement) 

Emissions 
Intensity (metric 

ton CO2 / ton 
cement) 

2000 718.3 3285.8 87.7  3712 338.5 3712 678.4 4.7 5.17 0.944 
2005 881.5 3862.4 106.3  4389.2 420.5 4489 800.9 4.62 4.98 0.909 
2010 1044.8 4375.8 124.3  5004.6 504.5 5241 906.5 4.55 4.79 0.867 
2015 1132.3 4571.1 131.2  5249 546.6 5551 960 4.43 4.64 0.848 
2020 1219.8 4740 137.6  5466.3 588.7 5841 999.3 4.32 4.48 0.819 
2025 1323.6 5012.3 146.8  5798.8 639.7 6191 1058.3 4.21 4.38 0.799 
2030 1427.4 5264.1 155.6  6110.6 690.9 6518 1116 4.1 4.28 0.782 
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CO2 Emissions 

(MMTCO2) 
2000 2005 2010 2015 2020 2025 2030 

Gasoline 4.3 5.2 6.1 6.5 6.8 7.2 7.7 
Electricity 35.9 44.7 53.6 58.1 62.5 67.9 73.4 

Coal 299.9 352.5 399.4 417.2 432.6 457.5 480.5 
Total 340.2 402.4 459.1 481.8 502.0 532.7 561.5 

Process 338.2 398.5 447.4 478.2 497.3 525.6 554.5 
Total 678.4 800.9 906.5 960.0 999.3 1058.3 1116 

 
 Advanced Options Scenario #1 (All negative and less than zero cost options) 

Total Fuel Consumption 

Year 
Total 

Production (Mt 
cement) Coal Gasoline Natural 

Gas All Fuels Electricity  
(PJ) 

Total 
Energy 

(PJ, fuel+ 
electricity) 

CO2 
emissions 

(million 
tones) 

Fuel Intensity  
(GJ/ton 
cement) 

Energy Intensity 
(GJ/ton cement) 

Emissions 
Intensity 

(metric ton 
CO2 / ton 
cement) 

2000 718.3 3286  87.7   3374  338  3712  678.4  4.70  5.17 0.94  
2005 881.5 3967  106.9   4074  415  4489  814.6  4.62  5.09 0.92  
2010 1044.8 4623  125.7   4749  492  5241  950.7  4.55  5.02 0.91  
2015 1132.3 4887  133.7   5021  530  5551  1008  4.43  4.90 0.89  
2020 1219.8 5132  141.3   5273  568  5841  1064  4.32  4.79 0.87  
2025 1323.6 5423  150.5   5573  618  6191  1129  4.21  4.68 0.85  
2030 1427.4 5691  159.1   5850  668  6518  1181  4.10  4.57 0.83  

            
CO2 Emissions (MMTCO2e) 

Year 
Coal Oil Electricity Process 

2000 299.9  4.30  35.9  338.2  
2005 362.1  5.03  41.4  406.1  
2010 422.0  6.02  49.5  473.2  
2015 446.1  6.52  55.0  500.5  
2020 468.4  6.90  59.1  529.9  
2025 495.0  7.39  63.7  562.5  
2030 519.4  7.83  69.0  585.1  
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 Advanced Options Scenario #2 (All cost options $5 or less) 
Total Fuel Consumption 

Year 
Total 

Production (Mt 
cement) Coal Gasoline Natural 

Gas 
All 

Fuels 
Electricity  

(PJ) 

Total 
Energy 

(PJ, fuel+ 
electricity) 

CO2 
emissions 

(million 
tones) 

Fuel Intensity  
(GJ/ton 
cement) 

Energy Intensity 
(GJ/ton cement) 

Emissions 
Intensity (ton 

CO2 / ton 
cement) 

2000 718.3 3286  87.7   3374  338.5  3712  678.3  4.70  5.17 0.94  
2005 881.5 3928  105.6   4034  415.9  4450  805.3  4.58  5.05 0.91  
2010 1044.8 4531  122.6   4654  493.6  5148  932.1  4.45  4.93 0.89  
2015 1132.3 4749  129.7   4879  532.2  5411  982.9  4.31  4.78 0.87  
2020 1219.8 4942  136.3   5079  570.5  5649  1029.0  4.16  4.63 0.84  
2025 1323.6 5172  144.2   5317  621.7  5938  1081.7  4.02  4.49 0.82  
2030 1427.4 5373  151.5   5524  673.4  6198  1123.5  3.87  4.34 0.79  

 
CO2 Emissions (MMTCO2e) 

Year 
Coal Oil Electricity Process 

2000 299.9  4.30  35.9  338.2  
2005 358.5  4.89  40.5  401.5  
2010 413.6  5.80  48.6  464.1  
2015 433.5  6.30  54.7  488.4  
2020 451.1  6.64  58.8  512.4  
2025 472.1  7.05  63.4  539.2  
2030 490.4  7.43  68.8  556.9  

 
 Advanced Options Scenario #3 (all cost options $10 or less) 

Total Fuel Consumption 
Year 

Total 
Production (Mt 

cement) Coal Gasoline Natural 
Gas 

All 
Fuels 

Electricity  
(PJ) 

Total 
Energy (PJ, 

fuel+ 
electricity) 

CO2 
emissions 

(million 
tones) 

Fuel Intensity  
(GJ/ton 
cement) 

Energy Intensity 
(GJ/ton cement) 

Emissions 
Intensity (ton 

CO2 / ton 
cement) 

2000 718.3 3286  87.7   3374  338.5  3712  678.3  4.70  5.17  0.94  
2005 881.5 3850  103.0   3953  417.5  4371  786.8  4.48  4.96  0.89  
2010 1044.8 4348  116.5   4464  497.4  4961  895.0  4.27  4.75  0.86  
2015 1132.3 4474  121.7   4596  536.1  5132  932.6  4.06  4.53  0.82  
2020 1219.8 4564  126.2   4690  574.5  5264  958.6  3.84  4.32  0.79  
2025 1323.6 4672  131.7   4804  629.2  5433  988.2  3.63  4.10  0.75  
2030 1427.4 4736  136.4   4872  684.9  5557  1008.1  3.41  3.89  0.71  

 
CO2 Emissions (MMTCO2e) 

Year 
Coal Oil Electricity Process 

2000 299.9  4.3  35.9  338.2  
2005 351.4  4.6  38.6  392.2  
2010 396.8  5.4  47.0  445.8  
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2015 408.4  5.9  54.1  464.2  
2020 416.6  6.1  58.2  477.6  
2025 426.4  6.4  62.7  492.7  
2030 432.3  6.6  68.6  500.6  
 

 Advanced Options Scenario #4 (all feasible options) 
Total Fuel Consumption 

Year 
Total 

Production (Mt 
cement) Coal Gasoline Natural Gas All Fuels Electricity  

(PJ) 

Total Energy  
(PJ, fuel+ 
electricity) 

CO2 
emissions 

(million 
tones) 

Fuel 
Intensity  
(GJ/ton 
cement) 

Energy 
Intensity 
(GJ/ton 
cement) 

Emissions 
Intensity (ton 

CO2 / ton 
cement) 

2000 718.3 3285.8 87.7  3712 338.5  4050.5  678.3 5.17 5.64  0.94  
2005 881.5 3811.7 101.7  4331.7 418.3  4750.0  777.5  4.91 5.39  0.88  
2010 1044.8 4255.6 113.5  4868.3 499.3  5367.6  876.4  4.66 5.14  0.84  
2015 1132.3 4336.3 117.7  4992.2 538.1  5530.3  907.4  4.41 4.88  0.80  
2020 1219.8 4374.4 121.2  5072.1 576.5  5648.6  923.3  4.16 4.63  0.76  
2025 1323.6 4421.5 125.5  5179.9 633.0  5812.9  941.5  3.91 4.39  0.71  
2030 1427.4 4417.5 128.8  5236.9 690.6  5927.5  950.4  3.67 4.15  0.67  

            
CO2 Emissions (MMTCO2e) 

Year 
Coal Oil Electricity Process 

2000 299.9 4.30  35.9  338.2 
2005 347.9 4.48  37.6  387.5 
2010 388.4 5.15  46.1  436.7 
2015 395.8 5.65  53.9  452.1 
2020 399.3 5.85  58.0  460.2 
2025 403.6 6.03  62.4  469.4 
2030 403.2 6.23  68.4  472.5 
 

o India 
 Pre-2001 Policy Scenario 

Year Total production 
(million tones) 

Fuel consumed 
(coal and petcoke) 

(PJ) 

Electricity 
(PJ) 

Total energy 
(Fuel and electricity) 

(PJ) 

Total CO2 
emissions 

(million tones)

Fuel intensity 
(GJ/ton CO2) 

Energy intensity 
(fuel and electricity) 

(GJ//ton CO2) 

Emission intensity 
(ton CO2/ ton 

cement) 
2001 107 302 37 338 75 2.82 3.16 0.70 
2006 160 416 47 464 108 2.60 2.90 0.68 
2011 244 603 66 669 162 2.47 2.74 0.67 
2016 367 881 94 975 241 2.40 2.66 0.66 
2021 549 1,293 136 1,428 357 2.35 2.60 0.65 
2026 815 1,900 200 2,100 546 2.33 2.58 0.67 
2031 1,206 2,787 295 3,082 803 2.31 2.56 0.67 
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 Recent Policy Scenario 

Year Total production 
(million tones) 

Fuel consumed 
(coal and petcoke) 

(PJ) 

Electricity 
(PJ) 

Total energy 
(Fuel and electricity)/(PJ) 

Total CO2 
emissions 

(million tones) 

Fuel intensity
(GJ/ton CO2) 

Energy intensity 
(fuel and 

electricity)(GJ/ton CO2) 

Emission intensity 
(ton CO2/ ton cement)

2001 107 302 37 338 75 2.82 3.16 0.70 
2006 160 415 47 462 108 2.59 2.89 0.68 
2011 244 599 66 664 161 2.45 2.72 0.66 
2016 367 871 94 964 238 2.37 2.63 0.65 
2021 549 1,272 136 1,407 364 2.32 2.56 0.66 
2026 815 1,861 200 2,061 535 2.28 2.53 0.66 
2031 1,206 2,718 295 3,013 783 2.25 2.50 0.65 

 
 Advanced Options Scenario #4 (all feasible options) 

Year Total production 
(million tones) 

Fuel consumed 
(coal and petcoke) 

(PJ) 

Electricity 
(PJ) 

Total energy 
(Fuel and electricity) 

(PJ) 

Total CO2 
emissions (million 

tones) 

Fuel intensity 
(GJ/ton CO2) 

Energy intensity 
(fuel and electricity) 

(GJ/ton CO2) 

Emission intensity 
(ton CO2/ ton 

cement) 
2001 107 268 33 302 75 2.82 3.16 0.70 
2006 160 381 33 414 108 2.59 2.88 0.68 
2011 244 562 33 595 161 2.44 2.71 0.66 
2016 367 829 32 862 237 2.35 2.60 0.64 
2021 549 1,135 115 1,250 345 2.28 2.52 0.63 
2026 815 1,700 115 1,814 503 2.23 2.47 0.62 
2031 1,206 2,508 115 2,623 755 2.18 2.42 0.63 

 
 

o Brazil 
 Pre-2000 Policy Scenario 

Total Fuel Consumption (PJ) 
Year Total Production 

(106 metric tons) Oil Natural 
Gas Petcoke All 

Fuels 

Total GHG 
Emissions 

(MMTCO2e) 

Energy Intensity 
(GJ/metric ton) 

Emissions Intensity 
(metric tons CO2e/metric 

ton output) 
2000 39.6 23 2.2 83.3 151.8 26.2 3.83 0.66 
2005 37 19.5 1.9 70.6 128.6 23.6 3.48 0.64 
2010 45.1 23.7 2.3 85.7 156.2 28.7 3.46 0.64 
2015 54.8 28.8 2.8 104.1 189.7 34.8 3.46 0.64 
2020 63.6 33.3 3.2 120.5 219.5 40.4 3.45 0.64 
2025 73.6 38.5 3.7 139.3 253.8 46.7 3.45 0.63 
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 Recent Policy Baseline Scenario 
Total Fuel Consumption (PJ) 

Year 
Total 

Production 
(106 metric 

tons) 
Oil Natural 

Gas Petcoke All 
Fuels 

Total GHG 
Emissions 

(MMTCO2e) 

Energy 
Intensity 

(GJ/metric 
ton) 

Emissions Intensity 
(metric tons 

CO2e/metric ton 
output) 

2000 39.6 23 2.2 83.3 151.8 26.2 3.83 0.66 
2005 37 1 1.1 82.8 128.6 23.2 3.48 0.63 
2010 45.1 0.9 2.2 103 156 28.4 3.46 0.63 
2015 54.8 0.8 3.7 128 189.3 34.8 3.45 0.64 
2020 63.6 0.4 5.4 151.6 218.9 40.6 3.44 0.64 
2025 73.6 0 7.6 179.2 252.9 47.3 3.44 0.64 

 
 Advanced Options Scenario #4 (all feasible options) 

Total Fuel Consumption (PJ) 
Year 

Total 
Production 
(106 metric 

tons) 
Oil Natural 

Gas Petcoke All 
Fuels 

Total GHG 
Emissions 

(MMTCO2e) 

Energy 
Intensity 

(GJ/metric ton) 

Emissions Intensity 
(metric tons 

CO2e/metric ton 
output) 

2000 39.6 23 2.2 83.3 151.8 26.2 3.83 0.66 
2005 37 1 1.1 82.8 128.6 23.2 3.48 0.63 
2010 45.1 0.9 2.2 102.9 155.9 27 3.47 0.6 
2015 54.8 0.7 3.7 127.8 189 31.1 3.47 0.57 
2020 63.6 0.4 5.4 151.3 218.5 33.4 3.46 0.53 
2025 73.6 0 7.6 178.8 252.2 35.1 3.43 0.48 
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• Iron & Steel  
 

o China 
 Pre-2000 Policy Baseline Scenario 

Total Fuel Consumption (PJ)127 
Year 

Total Production 
(million metric 

tons) 
coking 
coal 

power 
coal electricity fuel oil natural 

gas All Fuels 

Total CO2 
Emissions 
(MMTCO2) 

Energy Intensity 
(GJ/metric ton 

output) 

Emissions Intensity (metric 
tons CO2/metric ton output) 

2000 131.42 1790.92 970.12 1009.39 94.87 22.94 3888.24 351.50 29.59 2.675 
2005 210.21 2361.60 1354.07 1551.16 108.84 36.26 5411.92 488.71 25.75 2.325 
2010 289.01 2899.15 1712.51 2219.18 124.37 57.50 7012.71 632.78 24.26 2.189 
2015 328.00 2946.64 1738.65 2628.57 138.04 71.47 7523.36 678.96 22.94 2.070 
2020 364.00 2949.04 1761.98 3065.79 110.37 60.40 7947.57 717.46 21.83 1.971 
2025 353.50 2687.81 1645.38 3079.74 181.66 51.23 7645.82 690.32 21.63 1.953 
2030 343.00 2311.33 1480.29 2944.62 143.33 60.38 6939.96 626.59 20.23 1.827 

 
 Recent Policy Baseline Scenario 

Total Fuel Consumption (PJ) 
Year 

Total Production 
(million metric 

tons) 
coking 
coal 

power 
coal electricity fuel oil natural 

gas All Fuels 

Total CO2 
Emissions 
(MMTCO2) 

Energy Intensity 
(GJ/metric ton 

output) 

Emissions Intensity (metric 
tons CO2/metric ton output) 

2000 131.42 1790.92 970.12 1009.39 94.87 22.94 3888.24 351.50 29.59 2.675 
2005 210.21 2175.92 1249.18 1431.01 103.16 33.45 4992.72 450.91 23.75 2.145 
2010 289.01 2590.54 1534.09 1987.97 117.97 51.51 6282.08 567.18 21.74 1.962 
2015 328.00 2651.21 1570.27 2374.02 134.74 64.55 6794.80 613.92 20.72 1.872 
2020 364.00 2669.26 1602.91 2789.02 113.94 54.95 7230.07 653.92 19.86 1.796 
2025 353.50 2406.94 1482.77 2775.39 178.96 46.17 6890.22 623.17 19.49 1.763 
2030 343.00 2043.42 1318.68 2623.12 143.23 53.78 6182.25 559.13 18.02 1.630 

 
 Advanced Options Scenario #1 (all negative or zero cost options) 

Total Fuel Consumption 

Year Total Production 
(Mt steel) Cooking 

Coal 

Non-
Cooking 

Coal 

Fuel 
Oil 

Natural 
Gas All Fuels 

Electricity  
(PJ) 

Total Energy 
(PJ, fuel+ 
electricity) 

CO2 
emissions 

(million 
tones) 

Fuel 
Intensity  
(GJ/ton 
steel) 

Energy 
Intensity 
(GJ/ton 
steel) 

Emissions 
Intensity (ton 

CO2 / ton 
steel) 

2000 131.42 1790.92 970.12 94.87 22.94 2878.85 1009.39 3888.24 351.50 21.91 29.59 2.67 
2005 210.21 2218.11 1286.36 114.29 34.45 3653.22 1488.11 5141.32 464.27 17.38 24.46 2.21 
2010 289.01 2764.17 1670.38 142.15 56.09 4632.80 2207.41 6840.20 617.21 16.03 23.67 2.14 
2015 328.00 2816.08 1719.34 156.84 70.68 4762.94 2676.91 7439.85 671.42 14.52 22.68 2.05 
2020 364.00 2803.66 1753.16 118.57 60.09 4735.48 3172.34 7907.83 713.87 13.01 21.72 1.96 
2025 353.50 2447.71 1640.44 84.03 41.17 4213.34 3409.54 7622.88 688.25 11.92 21.56 1.95 
2030 343.00 2090.28 1475.85 129.95 60.20 3756.28 3162.86 6919.14 624.71 10.95 20.17 1.82 

 
 

                                                           
127 All of the energy or emissions numbers in the baselines, mitigation measures, and Advanced Options scenarios include electricity purchased from the local power grid. All energy consumption is 
reported on a “comprehensive” basis. 
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CO2 Emissions (MMTCO2e) Year 
Coal Oil Natural Gas Total All Fuels 

2000 242.20  6.13  1.48  249.81  
2005 305.62  7.35  2.21  315.18  
2010 384.57  9.09  3.59  397.24  
2015 391.44  9.98  4.50  405.92  
2020 390.30  7.49  3.79  401.59  
2025 347.35  5.27  2.58  355.19  
2030 303.36  8.16  3.78  315.29  

 
 Advanced Options Scenario #2 (all options $5 or less) 

Total Fuel Consumption 

Year 
Total 

Production (Mt 
steel) 

Cooking 
Coal 

Non-
Cooking 

Coal 

Fuel 
Oil 

Natural 
Gas All Fuels 

Electricity  
(PJ) 

Total 
Energy 

(PJ, fuel+ 
electricity) 

CO2 
emissions 

(million 
tones) 

Fuel 
Intensity  
(GJ/ton 
steel) 

Energy 
Intensity 
(GJ/ton 
steel) 

Emissions 
Intensity (ton CO2 

/ ton steel) 

2000 131.42 1790.92 970.12 94.87 22.94 2878.85 1009.39 3888.24 351.50 21.91 29.59 2.67 
2005 210.21 2124.72 1232.20 109.48 33.00 3499.40 1425.45 4924.85 444.73 16.65 23.43 2.12 
2010 289.01 2522.16 1524.13 129.71 51.18 4227.18 2014.14 6241.31 563.17 14.63 21.60 1.95 
2015 328.00 2591.40 1582.16 144.33 65.04 4382.93 2463.33 6846.26 617.85 13.36 20.87 1.88 
2020 364.00 2648.69 1656.25 112.01 56.77 4473.72 2996.98 7470.72 674.41 12.29 20.52 1.85 
2025 353.50 2356.87 1579.56 80.91 39.64 4056.98 3283.01 7339.99 662.71 11.48 20.76 1.87 
2030 343.00 2033.67 1435.89 126.43 58.57 3654.55 3077.21 6731.76 607.79 10.65 19.63 1.77 

 
CO2 Emissions (MMTCO2e) Year 

Coal Oil Natural Gas Total All Fuels 
2000 242.20  6.13  1.48  249.81  
2005 292.75  7.04  2.12  301.91  
2010 350.90  8.29  3.27  362.46  
2015 360.21  9.18  4.14  373.53  
2020 368.73  7.07  3.59  379.39  
2025 334.46  5.07  2.48  342.01  
2030 295.14  7.93  3.68  306.75  

 
 Advanced Options Scenario #3 (all options $10 or less) 

Total Fuel Consumption 

Year 
Total 

Production 
(Mt steel) 

Cooking 
Coal 

Non-
Cooking 

Coal 

Fuel 
Oil 

Natural 
Gas All Fuels 

Electricity  
(PJ) 

Total 
Energy (PJ, 

fuel+ 
electricity) 

CO2 
emissions 

(million 
tones) 

Fuel 
Intensity  
(GJ/ton 
steel) 

Energy 
Intensity 
(GJ/ton 
steel) 

Emissions 
Intensity (ton CO2 

/ ton steel) 

2000 131.42 1790.92 970.12 94.87 22.94 2878.85 1009.39 3888.24 351.50 21.91 29.59 2.67 
2005 210.21 2101.37 1218.66 108.28 32.64 3460.94 1409.79 4870.728 439.839 16.46 23.17 2.09 
2010 289.01 2369.13 1431.66 121.84 48.07 3970.70 1891.94 5862.6256 529.00408 13.74 20.29 1.83 
2015 328.00 2431.93 1484.80 135.45 61.04 4113.21 2311.74 6424.9494 579.83184 12.54 19.59 1.77 
2020 364.00 2485.26 1554.06 105.10 53.27 4197.69 2812.06 7009.7567 632.79972 11.53 19.26 1.74 
2025 353.50 2111.36 1415.02 72.48 35.51 3634.38 2941.03 6575.4052 593.6752 10.28 18.60 1.68 
2030 343.00 1761.12 1243.45 109.48 50.72 3164.77 2664.80 5829.5664 526.3356 9.23 17.00 1.53 
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CO2 Emissions (MMTCO2e) Year 
Coal Oil Natural Gas Total All Fuels 

2000 242.20  6.13  1.48  249.81  
2005 289.53  6.96  2.10  298.59  
2010 329.61  7.79  3.07  340.47  
2015 338.05  8.62  3.88  350.55  
2020 345.98  6.64  3.36  355.98  
2025 299.62  4.54  2.23  306.38  
2030 255.59  6.87  3.18  265.64  
 

 Advanced Options Scenario #4 (all feasible options) 
Total Fuel Consumption 

Year 
Total 

Production 
(Mt steel) 

Cooking 
Coal 

Non-
Cooking 

Coal 

Fuel 
Oil 

Natural 
Gas All Fuels 

Electricity  
(PJ) 

Total 
Energy 

(PJ, fuel+ 
electricity) 

CO2 
emissions 

(million 
tones) 

Fuel 
Intensity  
(GJ/ton 
steel) 

Energy 
Intensity 
(GJ/ton 
steel) 

Emissions 
Intensity (ton 

CO2 / ton steel) 

2000 131.42 1790.92 970.12 94.87 22.94 2878.85 1009.39 3888.24 351.50 21.91 29.59 2.67 
2005 210.21 2059.70 1194.49 106.13 31.99 3392.31 1381.83 4774.14 431.24 16.14 22.71 2.05 
2010 289.01 2212.24 1336.85 113.77 44.89 3707.75 1766.65 5474.39 494.77 12.83 18.94 1.71 
2015 328.00 2247.21 1372.02 125.16 56.40 3800.79 2136.15 5936.94 537.15 11.59 18.10 1.64 
2020 364.00 2252.53 1408.53 95.26 48.28 3804.60 2548.73 6353.34 575.62 10.45 17.45 1.58 
2025 353.50 1946.75 1304.70 66.83 32.74 3351.02 2711.73 6062.75 549.22 9.48 17.15 1.55 
2030 343.00 1689.30 1192.74 105.02 48.65 3035.71 2556.13 5591.84 506.49 8.85 16.30 1.48 

 
CO2 Emissions (MMTCO2e) Year 

Coal Oil Natural Gas Total All Fuels 
2000 242.20  6.13  1.48  249.81  
2005 283.79  6.82  2.06  292.67  
2010 307.78  7.27  2.87  317.92  
2015 312.37  7.96  3.59  323.92  
2020 313.58  6.02  3.05  322.64  
2025 276.26  4.19  2.05  282.50  
2030 245.17  6.59  3.05  254.81  

 
o India 

 Pre-2001 Baseline Scenario 
Total Fuel Consumption (PJ) 

Year Total production 
(million tons) Coking 

coal 
Non Coking 

coal Fuel oil Natural 
Gas 

All 
fuels 

Electricity 
(PJ) 

Total energy 
(fuel and 

electricity) (PJ) 

CO2 emission 
(million tons) 

Fuel 
intensity 
(GJ/ton) 

Energy 
Intensity 
(GJ/ton) 

Emissions intensity 
(ton CO2/ton steel) 

2001 31.4 348 234 17 72 670 55 725 58 21.4 23.1 1.86 
2006 48.6 455 450 21 72 997 62 1059 87 20.5 21.8 1.79 
2011 75.9 613 825 27 72 1537 74 1611 135 20.3 21.2 1.77 
2016 115.9 823 1437 35 72 2367 94 2461 207 20.4 21.2 1.79 
2021 174.6 1097 2422 45 72 3636 122 3758 344 20.8 21.5 1.97 
2026 261.0 1447 3991 58 72 5567 163 5730 487 21.3 22.0 1.86 
2031 387.9 1882 6470 73 72 8497 222 8718 809 21.9 22.5 2.09 
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 Recent Policy Scenario 
Total Fuel Consumption (PJ) 

Year Total production 
(million metric tons) Coking 

coal 
Non Coking 

coal Fuel oil Natural 
Gas All fuels

Electricity 
(PJ) 

Total energy 
(fuel and 

electricity) (PJ) 

CO2 emission 
(million metric 

tons) 

Fuel intensity
(GJ/ton CO2)

Energy 
Intensity 
(GJ/ton) 

Emissions intensity
(ton CO2/ton steel)

2001 31.4 348 234 17 72 670 55 725 58 21.4 23.1 1.86 
2006 48.6 513 378 21 72 984 63 1047 86 20.2 21.5 1.78 
2011 75.9 795 601 27 72 1495 78 1573 133 19.7 20.7 1.75 
2016 115.9 1241 924 35 72 2272 101 2373 203 19.6 20.5 1.75 
2021 174.6 1937 1390 45 72 3445 137 3581 324 19.7 20.5 1.86 
2026 261.0 3017 2063 58 72 5209 191 5400 492 20.0 20.7 1.89 
2031 387.9 4682 3032 73 72 7858 271 8129 744 20.3 21.0 1.92 

 

 Advanced Options Scenario #4 (all feasible options) 
Total Fuel Consumption (PJ) 

Year Total production 
(million tons) Coking 

coal 
Non Coking 

coal Fuel oil Natural Gas All fuels 
Electricity 

(PJ) 

Total energy 
(fuel & electricity) 

(PJ) 

CO2 emission
(million tons)

Fuel intensity
(GJ/ton) 

Energy 
Intensity 
(GJ/ton) 

Emissions intensity
(ton CO2/ton steel) 

2001 31.4 348 234 17 72 670 55 725 58 21.4 23.1 1.86 
2006 48.6 542 342 21 72 977 63 1040 86 20.1 21.4 1.77 
2011 75.9 887 489 27 72 1474 79 1554 132 19.4 20.5 1.74 
2016 115.9 1450 667 35 72 2224 105 2329 201 19.2 20.1 1.73 
2021 174.6 2357 874 45 72 3349 144 3493 305 19.2 20.0 1.75 
2026 261.0 3802 1099 58 72 5030 205 5235 462 19.3 20.1 1.77 
2031 387.9 6081 1313 73 72 7539 296 7834 697 19.4 20.2 1.80 

 

o Brazil 
 Pre-2000 Policy Scenario 

Total Fuel Consumption (PJ) Year Total Production 
(103 metric tons) Coal Oil Natural Gas All Fuels 

Total GHG Emissions 
(MMTCO2e) 

Energy Intensity 
(GJ/metric ton) 

Emissions Intensity (metric tons 
CO2e/metric ton output) 

2000 26,717 571 5.0 35.2 690 46.3 25.83 1.73 
2005 33,751 716 6.2 44 864.4 58.0 25.61 1.72 
2010 38,499 828 7.2 51 1,000.3 67.1 25.98 1.74 
2015 42,859 936 8.2 58 1,130.1 75.8 26.37 1.77 
2020 45,429 1,007 8.8 62 1,216.4 81.6 26.78 1.80 
2025 47,150 1,062 9.3 65 1,282.2 86.0 27.19 1.82 

 

 Recent Policy Scenario 
Total Fuel Consumption (PJ) Year Total Production 

(103 metric tons) Coal1 Oil Natural Gas All Fuels 
Total GHG Emissions 

(MMTCO2e) 
Energy Intensity 
(GJ/metric ton) 

Emissions Intensity (metric tons 
CO2e/metric ton output) 

2000 26,717 571.3 5 35.2 690 46.3 25.83 1.73 
2005 33,751 720.6 3.9 45.4 864.4 54.8 25.61 1.62 
2010 38,499 831.3 5.1 54.6 1,000.3 63.2 25.98 1.64 
2015 42,859 936.2 6.3 63.9 1,130.1 71.1 26.37 1.66 
2020 45,429 1,004.6 7.5 71.2 1,216.4 76.3 26.78 1.68 
2025 47,150 1,055.9 8.6 77.6 1,282.2 80.1 27.19 1.70 
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 Advanced Options Scenario #4 (all feasible options) 
Total Fuel Consumption (PJ) 

Year Total Production 
(103 metric tons) Coal1 Oil Natural Gas All Fuels 

Total GHG 
Emissions 

(MMTCO2e) 

Energy Intensity 
(GJ/metric ton) 

Emissions Intensity 
(metric tons CO2e/metric 

ton output) 
2000 26,717 571.3 5 35.2 690 46.3 25.83 1.73 
2005 33,751 720.6 3.9 45.4 864.4 54.5 25.61 1.61 
2010 38,499 830.7 5 54.5 999.3 60.7 25.96 1.58 
2015 42,859 935.1 6.3 63.8 1,128.10 66.0 26.32 1.54 
2020 45,429 1,003.10 7.5 71 1,213.60 68.2 26.71 1.50 
2025 47,150 1,054.00 8.6 77.4 1,278.80 69.0 27.12 1.46 

Note: 1 - Includes: coal, charcoal, coke gas, coke coal. 
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• Pulp & Paper 
 

o China 
 Pre-2000 Policy Baseline Scenario 

Total Fuel Consumption (PJ) 
Year 

Total Production 
(million metric 

tons) electricity coal All fuels 

Total CO2 
Emissions 
(MMTCO2) 

Energy Intensity 
(GJ/metric ton 

output) 

Emissions Intensity 
(metric tons CO2/metric 

ton output) 
2000 30.50 44.30 635.04 679.34 62.67 22.27 2.05 
2005 38.37 53.79 771.11 824.90 76.09 21.50 1.98 
2010 48.28 65.51 938.96 1004.47 92.66 20.81 1.92 
2015 60.74 80.72 1156.99 1237.71 114.18 20.38 1.88 
2020 76.42 99.42 1425.02 1524.44 140.63 19.95 1.84 
2025 96.15 121.80 1745.69 1867.49 172.27 19.42 1.79 
2030 120.98 149.11 2136.96 2286.07 210.88 18.90 1.74 

 
 Recent Policy Baseline Scenario 

Total Fuel Consumption (PJ) 
Year 

Total Production 
(million metric 

tons) electricity coal All fuels 

Total CO2 
Emissions 
(MMTCO2) 

Energy Intensity 
(GJ/metric ton 

output) 

Emissions Intensity 
(metric tons CO2/metric 

ton output) 
2000 30.50 44.30 635.04 679.34 62.67 22.27 2.05 
2005 38.37 51.35 736.04 787.39 72.63 20.52 1.89 
2010 48.28 59.50 852.86 912.37 84.16 18.90 1.74 
2015 60.74 68.27 978.48 1046.75 96.56 17.23 1.59 
2020 76.42 78.53 1125.37 1203.90 111.06 15.75 1.45 
2025 96.15 97.17 1392.48 1489.65 137.42 15.49 1.43 
2030 120.98 120.21 1722.51 1842.72 169.99 15.23 1.41 

 
 Advanced Options Scenario #4 (all feasible options) 

Total Fuel Consumption (PJ) 
Year 

Total Production 
(million metric 

tons) electricity coal All fuels 

Total CO2 
Emissions 
(MMTCO2) 

Energy Intensity 
(GJ/metric ton 

output) 

Emissions Intensity 
(metric tons CO2/metric 

ton output) 
2000 30.50 44.30 635.04 679.34 62.67 22.27 2.05 
2005 38.37 48.82 699.76 748.59 69.05 19.51 1.80 
2010 48.28 54.03 774.37 828.40 76.42 17.16 1.58 
2015 60.74 63.27 906.64 969.91 89.47 15.97 1.47 
2020 76.42 74.18 1062.82 1137.00 104.89 14.88 1.37 
2025 96.15 91.87 1316.15 1408.02 129.89 14.64 1.35 
2030 120.98 113.76 1629.44 1743.20 160.81 14.41 1.33 

 
o India 

 Pre-2001 Policy Baseline Scenario 

Year Total production 
(million tons) 

Fuel 
Consumption 

Coal (PJ) 

Electricity 
(PJ) 

Total energy: 
Fuel + electricity 

(PJ) 

Total CO2 
emissions 

(million tons) 

Fuel intensity 
(GJ/ton 
output) 

Energy intensity 
(GJ/ton output) 

Emissions intensity 
ton CO2/ton output)

2001 5.0 72.3 12.9 85.2 6.18 14.61 17.21 1.25 
2006 7.6 80.0 12.6 92.6 6.84 10.51 12.16 0.90 
2011 11.5 91.2 12.2 103.4 7.80 7.94 9.01 0.68 
2016 16.9 109.3 11.9 121.2 10.50 6.45 7.15 0.62 
2021 24.8 134.8 11.6 146.4 12.95 5.44 5.91 0.52 
2026 36.0 170.4 11.3 181.7 16.37 4.73 5.04 0.45 
2031 52.4 224.5 11.0 235.5 21.57 4.29 4.50 0.41 

 

 Recent Policy Baseline Scenario 

Year Total production 
(million tons) 

Fuel 
Consumption 

Coal (PJ) 

Electricity 
(PJ) 

Total energy: 
Fuel + electricity 

(PJ) 

Total CO2 
emissions 

(million tons) 

Fuel intensity 
(GJ/ton 
output) 

Energy intensity 
(GJ/ton output)

Emissions intensity 
(ton CO2/ton 

output) 
2001 5.0 72.3 12.9 85.2 6.18 14.61 17.21 1.25 
2006 7.6 79.6 10.7 90.3 6.81 10.46 11.86 0.89 
2011 11.5 91.7 8.6 100.2 7.83 7.99 8.73 0.68 
2016 16.9 109.8 6.4 116.3 10.55 6.48 6.86 0.62 
2021 24.8 136.5 4.3 140.8 13.12 5.51 5.69 0.53 
2026 36.0 175.4 2.2 177.5 16.85 4.87 4.93 0.47 
2031 52.4 231.5 0.0 231.5 22.24 4.42 4.42 0.42 
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 Advanced Options scenario #1 (all feasible options) 

Year 

Total 
production 

(million 
tons) 

Fuel 
Consumption 

Coal (PJ) 

Electricity 
(PJ) 

Total energy: 
Fuel + 

electricity (PJ)

Total CO2 
emissions 

(million tons) 

Fuel intensity 
(GJ/ton output)

Energy 
intensity 
(GJ/ton 
output) 

Emissions 
intensity (ton 

CO2/ton output)

2001 5.0 72.3 12.9 85.2 6.18 14.61 17.21 1.25 
2006 7.6 80.7 10.7 91.5 6.90 10.60 12.01 0.91 
2011 11.5 88.1 8.6 96.6 7.53 7.67 8.42 0.66 
2016 16.9 98.4 6.4 104.8 8.41 5.81 6.19 0.50 
2021 24.8 112.6 4.3 116.9 9.63 4.55 4.72 0.39 
2026 36.0 131.7 2.2 133.9 11.26 3.65 3.71 0.31 
2031 52.4 157.3 0.0 157.3 13.45 3.00 3.00 0.26 

 
o Brazil 

 Pre-2000 Policy Baseline Scenario 
Total Fuel Consumption (PJ) 

Year 
Total 

Production 
(million 

metric tons 
Black 
liquor Oil Natural 

Gas 
All 

Fuels 

Total GHG 
Emissions 
(MMTCO2) 

Energy 
Intensity 

(GJ/metric ton 
output) 

Emissions 
Intensity (metric 
tons CO2/metric 

ton output) 
2000 14.9 103.4 44.4 12.3 280.2 25.1 18.81 1.68 
2005 20.4 151.4 30.3 21.9 348 32 17.06 1.57 
2010 25.4 188.6 37.7 27.2 433.7 39.8 17.02 1.57 
2015 31.5 235 47 33.9 540.4 49.6 17.04 1.57 
2020 37.2 279.2 55.8 40.3 641.9 59 17.1 1.59 
2025 44.1 332.1 66.4 48 763.6 70.1 17.12 1.59 

Note: These figures also include electricity consumption produced from CHP systems by burning black liquor. 
 

 Recent Policy Baseline Scenario 
Total Fuel Consumption (PJ) 

Year 
Total 

Production 
(million metric 

tons) 
Black 
liquor Oil Natural 

Gas 
All 

Fuels 

Total GHG 
Emissions 
(MMTCO2) 

Energy 
Intensity 

(GJ/metric ton 
output) 

Emissions 
Intensity (metric 
tons CO2/metric 

ton output) 
2000 14.9 103.4 44.4 12.3 280.2 25.1 18.81 1.68 
2005 20.4 150.8 29.7 23.4 348 31.9 17.06 1.56 
2010 25.4 184.1 33.1 38.5 433.3 39.3 17.06 1.55 
2015 31.5 224.8 36.5 59.7 539.6 48.5 17.13 1.54 
2020 37.2 261.5 37.7 84.8 640.5 57 17.22 1.53 
2025 44.1 304.6 38.1 117.3 761.5 67 17.27 1.52 

 
 Advanced Options scenario #1 (all feasible options) 

Total Fuel Consumption (PJ) 
Year 

Total 
Production 

(million 
metric tons) 

Black 
liquor Oil Natural 

Gas 
All 

Fuels 

Total CO2 
Emissions 
(MMTCO2) 

Energy 
Intensity 

(GJ/metric ton 
output) 

Emissions 
Intensity (metric 
tons CO2/metric 

ton output) 
2000 14.9 103.4 44.4 12.3 280.2 25.1 18.81 1.68 
2005 20.4 147.9 32.4 23.4 348 31.9 17.06 1.56 
2010 25.4 181 30.1 48 432.2 38.9 17.02 1.53 
2015 31.5 221.4 26.7 79.9 536.9 47.5 17.04 1.51 
2020 37.2 258.4 19 118.6 636 55.3 17.1 1.49 
2025 44.1 301.9 7.5 169.1 754.8 64.5 17.12 1.46 
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• Transportation 
 

o China 
 Actual Average Fleet-wide Fuel Economy (km/l) in the Recent Policy Baseline Scenario 

Heavy Trucks Medium Trucks Light Trucks Mini Trucks Cars  Gasoline Diesel Gasoline Diesel Gasoline Diesel Gasoline Diesel Gasoline Diesel 
2000 2.25 3.32 2.99 4.28 5.90 6.53 11.54 13.50 10.5 10.5 
2005 2.25 3.32 2.99 4.28 5.90 6.53 11.54 13.50 11.95 11.95 
2010 2.25 3.32 2.99 4.28 5.90 6.53 11.54 13.50 13.4 13.4 
2015 2.25 3.32 2.99 4.28 5.90 6.53 11.54 13.50 13.4 13.4 
2020 2.25 3.32 2.99 4.28 5.90 6.53 11.54 13.50 13.4 13.4 
2025 2.25 3.32 2.99 4.28 5.90 6.53 11.54 13.50 13.4 13.4 
2030 2.25 3.32 2.99 4.28 5.90 6.53 11.54 13.50 13.4 13.4 

Heavy Buses Medium Buses Light Buses Mini Buses  Gasoline Diesel Gasoline Diesel Gasoline Diesel Gasoline Diesel Motorcycles 

2000 2.21 3.02 2.68 3.16 7.52 8.82 11.90 14.25 36.77 
2005 2.21 3.02 2.68 3.16 7.52 8.82 11.90 14.25 36.77 
2010 2.21 3.02 2.68 3.16 7.52 8.82 11.90 14.25 36.77 
2015 2.21 3.02 2.68 3.16 7.52 8.82 11.90 14.25 36.77 
2020 2.21 3.02 2.68 3.16 7.52 8.82 11.90 14.25 36.77 
2025 2.21 3.02 2.68 3.16 7.52 8.82 11.90 14.25 36.77 
2030 2.21 3.02 2.68 3.16 7.52 8.82 11.90 14.25 36.77 

 

 Fuel Consumption (billion liters) in the Pre-2000 Policy and Recent Policy Baseline Scenarios  
 Gasoline consumption – Pre-

2000 Policy Baseline 
Diesel consumption – Pre-

2000 Policy Baseline 
Gasoline consumption – 
Recent Policy Baseline 

Diesel consumption – 
Recent Policy Baseline 

2000 50.9  28.1  50.9  28.1  
2005 79.4  35.3  76.6  35.3  
2010 111.5  55.7  104.1  55.3  
2015 138.8  79.2  129.0  78.4  
2020 169.5  103.0  156.6  101.5  
2025 214.8  115.9  195.5  113.7  
2030 275.6  166.4  248.9  163.4  

 

 CO2 Emissions (MMTCO2) in the Pre-2000 Policy and Recent Policy Baseline Scenarios 
Pre-2000 Policy Baseline Recent Policy Baseline Year Gasoline Diesel Total Gasoline Diesel Total 

2000 116.8  78.4  195.2  116.8  78.4  195.2  
2001 126.7  89.9  216.5  125.9  89.9  215.8  
2002 135.4  81.9  217.4  133.6  81.9  215.5  
2003 147.6  89.5  237.1  144.6  89.4  234.0  
2004 161.1  97.6  258.7  156.7  97.5  254.2  
2005 182.1  98.7  280.8  175.7  98.5  274.2  
2006 198.4  105.3  303.7  190.1  105.0  295.1  
2007 215.0  112.3  327.4  204.7  111.9  316.6  
2008 230.5  118.9  349.3  217.8  118.2  336.0  
2009 244.7  124.7  369.4  229.5  123.8  353.3  
2010 255.8  155.4  411.2  238.9  154.3  393.3  
2011 266.9  167.9  434.8  249.0  166.7  415.6  
2012 279.1  180.9  460.1  260.2  179.5  439.7  
2013 290.6  194.8  485.4  270.6  193.1  463.7  
2014 304.1  209.9  514.0  283.0  208.0  490.9  
2015 318.6  221.0  539.6  296.1  218.8  514.9  
2016 332.6  236.4  569.0  308.9  233.9  542.8  
2017 346.2  250.4  596.6  321.2  247.6  568.9  
2018 359.7  264.9  624.6  333.5  261.7  595.3  
2019 373.5  279.6  653.1  346.0  276.1  622.1  
2020 389.0  287.4  676.4  359.4  283.4  642.9  
2021 407.5  299.4  707.0  375.6  295.1  670.7  
2022 425.9  311.4  737.3  391.4  306.8  698.2  
2023 444.8  323.4  768.2  407.6  318.3  726.0  
2024 467.8  335.1  802.9  427.7  329.7  757.3  
2025 493.0  323.5  816.4  448.5  317.5  766.0  
2026 519.3  334.6  853.9  471.4  328.2  799.5  
2027 546.4  345.3  891.7  494.7  338.4  833.1  
2028 576.6  355.6  932.2  520.9  348.1  868.9  
2029 609.4  365.5  974.8  549.3  357.4  906.7  
2030 632.4  464.4  1096.7  571.2  456.1  1027.3  
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o India 
 

 Fuel Consumption, CO2 Emissions and Emissions Intensity in the Pre-2000 Policy Baseline Scenario 
Total Fuel Consumption (PJ) 

Year 
Passenger travel 
demand (billion 
passenger 
kilometres) 

Freight travel 
demand (billion 
ton kilometres) Diesel Gasoline Electricity Other 

Fuels 

Total CO2 
Emissions (million 
tons) 

Fuel  Intensity 
(MJ/passenger 
kilometre) 

CO2 emissions Intensity 
(million metric ton/billion 
passenger (ton) kilometre) 

2001 2141 904 984 275 32 132 101 0.292 0.021 (0.074) 
2006 2917 1421 1636 979 61 149 200 0.361 0.026  (0.074) 
2011 3882 2243 2490 1718 94 166 315 0.411 0.030  (0.074) 
2016 5298 3512 3965 2398 138 246 477 0.455 0.033  (0.074) 
2021 7095 5458 6016 3091 196 367 686 0.498 0.036  (0.074) 
2026 9680 8425 9102 3794 276 546 976 0.542 0.040  (0.074) 
2031 13321 12923 13608 4498 389 810 1378 0.585 0.044  (0.074) 

Note: Figures in brackets represent the energy intensity and emission intensity for freight movement 
 

 Fuel Consumption, CO2 Emissions and Emissions Intensity in the Recent Policy Baseline Scenario 
Total Fuel Consumption (PJ) 

Year 
Passenger travel 
demand (billion 
passenger 
kilometres) 

Freight travel 
demand (billion 
ton kilometres) Diesel Gasoline Electricity Other 

Fuels 

Total CO2 
Emissions (million 
tons) 

Fuel Intensity 
(MJ/passenger 
kilometre) 

CO2 emissions intensity 
(million metric ton/billion 
passenger (ton) kilometre) 

2001 2141 904 984 275 32 132 101 0.292 0.021 (0.074) 
2006 2917 1421 1622 945 63 149 196 0.339 0.024 (0.072) 
2011 3882 2243 2356 1613 97 166 298 0.365 0.026 (0.069) 
2016 5298 3512 3313 2221 138 246 417 0.383 0.027 (0.067) 
2021 7095 5458 4823 2834 196 366 580 0.402 0.028 (0.065) 
2026 9680 8425 7109 3350 276 545 798 0.416 0.029 (0.063) 
2031 13321 12923 10407 3801 389 810 1092 0.427 0.031 (0.060) 

Note: Figures in brackets represent the energy intensity and emission intensity for freight movement 
 

 Fuel Consumption, CO2 Emissions and Emissions Intensity in the Advanced Options Scenario 
Total Fuel Consumption (PJ) 

Year 

Passenger travel 
demand (billion 
passenger 
kilometres) 

Freight travel 
demand (billion 
ton kilometres) Diesel Gasoline Electricity Other 

Fuels 

Total CO2 
Emissions (million 
tons) 

Fuel Intensity 
(MJ/passenger 
kilometre) 

CO2 emissions intensity 
(million metric ton/billion 
passenger (ton) kilometre) 

2001 2141 904 984 275 32 132 101 0.292 0.021 (0.074) 
2006 2917 1421 1530 914 72 184 189 0.332 0.023 (0.069) 
2011 3882 2243 2124 1473 125 236 275 0.345 0.024  (0.065) 
2016 5298 3512 2840 1966 199 332 369 0.351 0.025  (0.062) 
2021 7095 5458 3626 2404 309 865 489 0.365 0.026  (0.058) 
2026 9680 8425 4959 2803 476 1365 647 0.377 0.027   (0.056) 
2031 13321 12923 6907 3149 725 1896 849 0.386 0.028   (0.053) 
Note: Figures in brackets represent the energy intensity and emission intensity for freight movement 
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o Brazil 
 Average Fuel Efficiency (l/km) of the Light-Duty Vehicle (LDV) Fleet in All Scenarios 

Vehicle 
Type Gasohol* Alcohol Flex Fuel (Gasohol) Flex Fuel 

( alcohol) NGV 

Year 

Pre-2000 
Policy, 
Recent 
Policy 

Advanced 
Options 

Pre-2000 
Policy, 
Recent 
Policy 

Advanced 
Options 

Recent 
Policy 

Advanced 
Options 

Recent 
Policy 

Advanced 
Options 

Pre-2000 
Policy, 
Recent 
Policy 

Advanced 
Options 

1990 and 
before 0.111 0.111 0.139 0.139 - - - - 0.072 0.072 

1991 0.108 0.108 0.139 0.139 - - - - 0.072 0.072 
1992 0.105 0.105 0.139 0.139 - - - - 0.072 0.072 
1993 0.103 0.103 0.139 0.139 - - - - 0.072 0.072 
1994 0.100 0.100 0.139 0.139 - - - - 0.072 0.072 
1995 0.098 0.098 0.139 0.139 - - - - 0.072 0.072 
1996 0.095 0.095 0.139 0.139 - - - - 0.072 0.072 
1997 0.093 0.093 0.139 0.139 - - - - 0.072 0.072 
1998 0.092 0.092 0.139 0.139 - - - - 0.072 0.072 
1999 0.092 0.092 0.139 0.139 - - - - 0.072 0.072 
2000 0.092 0.092 0.139 0.139 - - - - 0.072 0.072 
2001 0.092 0.092 0.139 0.139 - - - - 0.072 0.072 
2002 0.092 0.092 0.139 0.139 0.097 0.097 0.145 0.145 0.072 0.072 
2003 0.089 0.089 0.133 0.133 0.097 0.097 0.145 0.145 0.072 0.072 
2004 0.088 0.088 0.116 0.116 0.093 0.093 0.137 0.137 0.072 0.072 
2005 0.086 0.083 0.113 0.107 0.090 0.087 0.132 0.125 0.072 0.069 
2006 0.084 0.078 0.109 0.100 0.088 0.082 0.127 0.115 0.072 0.066 
2007 0.082 0.074 0.106 0.093 0.086 0.077 0.123 0.106 0.072 0.063 
2008 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2009 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2010 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2011 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2012 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2013 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2014 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2015 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2016 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2017 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2018 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2019 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2020 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2021 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2022 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2023 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2024 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
2025 0.080 0.070 0.106 0.093 0.084 0.074 0.125 0.110 0.067 0.059 
Sources: Cetesb (2005) from 1990 to 2004; authors from 2005 to 2025 based on the Energy Matrix Study Group. 

Gasohol is 75% gasoline and 25% hydrated ethanol 
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 LDV Fuel Consumption in the Pre-2000 Policy and Recent Policy Baseline Scenarios 
Total Fuel Consumption (PJ) 

Total Fuel Consumption (PJ) 
Gasohol Hydrated Alcohol NGV Year 

Pre-2000 
Policy Recent Policy Pre-2000 

Policy Recent Policy Pre-2000 
Policy 

Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

2000 589.8 589.8 501.2 501.2 86.5 86.5 2.13 2.13 
2005 672.9 669.2 614.4 569.4 57.1 95.9 1.46 3.95 
2010 787.6 802.3 746.2 522.5 40.6 270.2 0.79 9.58 
2015 959.5 1,001 927.0 576.0 32.0 409.2 0.50 15.8 
2020 1,197 1,248 1,166 765.0 29.9 460.7 0.29 22.1 
2025 1,511 1,566 1,478 1,039 34.0 496.9 0.15 29.4 

One liter of Gasohol has 29.5 MJ; one liter of Hydrated Ethanol has 21.3 MJ; one cubic meter of NGV has 36.8 MJ 
 

 LDV CO2 Emissions in the Pre-2000 Policy and Recent Policy Baseline Scenarios 
Total CO2 Emissions (MMTCO2) Emissions Intensity (metric tons CO2/PJ)  

Year 
Pre-2000 Policy Recent Policy Pre-2000 Policy Recent Policy 

2000 28.1 28.1 47,550 47,550 
2005 34.3 32.0 50,995 47,737 
2010 41.6 29.7 52,853 36,960 
2015 51.7 33.0 53,866 32,946 
2020 65.0 43.9 54,330 35,152 
2025 82.4 59.6 54,529 38,039 

 
 LDV Fuel Consumption and CO2 Emissions in the Advanced Options Scenario 

Total Fuel Consumption (PJ) 
Year Total Fuel Consumption 

(PJ) Gasohol Hydrated Alcohol NGV 
Total CO2 Emissions 

(MMTCO2) 
Emissions Intensity (metric tons 

CO2/PJ) 

2000 589.8 501.2 86.5 2.13 28.1 47,550 
2005 669.2 569.4 95.9 3.95 32.0 47,737 
2010 756.1 503.5 243.8 8.80 28.6 37,758 
2015 918.7 488.6 415.9 14.1 28.0 30,498 
2020 1,128 622.6 486.2 19.6 35.8 31,715 
2025 1,403 845.2 531.7 26.0 48.6 34,607 

 Heavy-Duty Vehicle (HDV) Passenger Transport Fuel Consumption (PJ) in the Pre-2000 Policy and Recent Policy Baseline Scenarios 
Aviation Gasoline Diesel Jet Fuel Electricity NGV Biodiesel 

Year Pre-
2000 
Policy 

Recent 
Policy 

Pre-
2000 
Policy 

Recent 
Policy 

Pre-
2000 
Policy 

Recent 
Policy 

Pre-
2000 
Policy 

Recent 
Policy 

Pre-
2000 
Policy 

Recent 
Policy 

Pre-
2000 
Policy 

Recent 
Policy 

Total 
Pre-2000 

Policy 

Total 
Recent 
Policy 

2000 3.79 3.79 144.9 144.9 122.7 122.7 4.50 4.50  -  - 275.9 275.9 
2005 4.72 5.00 182.5 181.8 152.5 161.5 5.60 4.04  -  - 345.3 352.4 
2010 5.78 6.36 224.1 189.7 186.8 205.6 6.85 4.40  13.0  10.7 423.5 429.9 
2015 7.36 8.44 276.6 215.3 238.0 272.9 8.73 5.04  23.2  12.6 530.7 537.4 
2020 9.84 11.9 347.4 244.8 318.1 385.3 11.7 5.94  37.4  14.9 687.0 700.2 
2025 12.1 14.2 420.8 263.5 389.7 458.0 14.3 7.04  63.7  17.2 836.9 823.6 
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 HDV Passenger Transport Fuel Consumption (PJ) by Mode Type in the Pre-2000 Policy and Recent Policy Baseline Scenarios 
Plane Electric Train Bus Mass Transit 

Year Pre-2000 
Policy Recent Policy Pre-2000 

Policy Recent Policy Pre-2000 
Policy Recent Policy Pre-2000 

Policy Recent Policy 
Total Pre-

2000 Policy 
Total 

Recent Policy 

2000 126.5 126.5 4.50 4.50 62.4 62.4 82.5 82.5 275.9 275.9 
2005 157.2 166.5 5.60 4.04 76.6 75.2 105.9 106.6 345.3 352.4 
2010 192.6 212.0 6.85 4.40 92.6 85.0 131.5 128.4 423.5 429.9 
2015 245.4 281.3 8.73 5.04 116.4 99.2 160.2 151.9 530.7 537.4 
2020 327.9 397.2 11.7 5.94 153.6 118.7 193.8 178.4 687.0 700.2 
2025 401.8 472.1 14.3 7.04 185.8 134.6 235.1 209.9 836.9 823.6 

 
 HDV Freight Transport Fuel Consumption (PJ) in the Pre-2000 Policy and Recent Policy Baseline Scenarios 

Aviation Gasoline Diesel Jet Fuel Fuel Oil NGV Biodiesel 
Year Pre-2000 

Policy 
Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

Total Pre-
2000 
Policy 

Total 
Recent 
Policy 

2000 0.20 0.20 852.2 852.2 6.45 6.45 38.7 38.7 - - - - 897.6 897.6 
2005 0.11 0.11 1,053 1,044 4.17 3.43 45.0 44.7 - - - - 1,102 1,093 
2010 0.13 0.12 1,342 1,221 4.17 4.01 55.9 53.8 - - - 64.3 1,402 1,343 
2015 0.16 0.15 1,653 1,447 5.28 4.97 68.7 64.6 - - - 76.2 1,727 1,593 
2020 0.20 0.19 2,310 1,625 6.53 6.19 81.2 77.1 - - - 85.5 2,398 1,794 
2025 0.25 0.22 2,310 1,875 7.93 7.07 96.0 85.5 - - - 98.7 2,414 2,067 

 
  HDV Freight Transport Fuel Consumption (PJ) by Mode Type in the Pre-2000 Policy and Recent Policy Baseline Scenarios 
Year Truck Diesel Train Barge Plane 

 Pre-2000 
Policy Recent Policy Pre-2000 Policy Recent Policy Pre-2000 

Policy Recent Policy Pre-2000 
Policy 

Recent 
Policy 

Total Pre-2000 
Policy 

Total Recent 
Policy 

2000 835.3 835.3 16.9 16.9 38.7 38.7 6.65 6.65 897.6 897.6 
2005 1,031 1,023 21.7 21.3 45.0 44.7 3.56 3.54 1,102 1,093 
2010 1,316 1,262 25.7 23.4 55.9 53.8 4.29 4.13 1,402 1,343 
2015 1,623 1,498 30.2 25.6 68.7 64.6 5.45 5.12 1,727 1,593 
2020 1,917 1,682 34.3 28.0 81.2 77.1 6.73 6.38 2,039 1,794 
2025 2,270 1,945 39.7 29.1 96.0 85.5 8.18 7.28 2,414 2,067 

 
 HDV Passenger Transport CO2 Emissions (MMTCO2) by Fuel Type in the Pre-2000 Policy and Recent Policy Baseline Scenarios 

Aviation Gasoline Diesel Jet Fuel Electricity NGV Biodiesel 

Year Pre-2000 
Policy 

Recent 
Policy 

Pre-
2000 
Policy 

Recent 
Policy 

Pre-
2000 
Policy 

Recent 
Policy 

Pre-
2000 
Policy 

Recent 
Policy 

Pre-
2000 
Policy 

Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

Total 
Pre-2000 

Policy 

Total 
Recent 
Policy 

2000 0.24 0.24 9.66 9.66 7.89 7.89 - - - - - - 17.8 17.8 
2005 0.29 0.31 12.2 12.1 9.81 10.4 - - - - - - 22.3 22.8 
2010 0.36 0.53 14.9 12.6 12.0 13.2 - - - 0.69 - 0.00 27.3 27.1 
2015 0.46 0.53 18.4 14.4 15.3 17.6 - - - 1.24 - 0.00 34.2 33.7 
2020 0.61 0.74 23.2 16.3 20.5 24.8 - - - 1.99 - 0.00 44.2 43.8 
2025 0.75 0.88 28.1 17.6 25.1 29.5 - - - 3.40 - 0.00 53.9 51.3 
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  HDV Passenger Transport CO2 Emissions (MMTCO2) by Mode Type in the Pre-2000 Policy and Recent Policy Baseline Scenarios 
Plane Electric Train Bus Mass Transit 

Year Pre-2000 
Policy Recent Policy Pre-2000 

Policy Recent Policy Pre-2000 
Policy Recent Policy Pre-2000 

Policy 
Recent 
Policy 

Total Pre-2000 
Policy 

Total Recent 
Policy 

2000 8.13 8.13 - - 4.16 4.16 5.50 5.50 17.8 17.8 
2005 10.1 10.7 - - 5.10 5.01 7.06 7.11 22.3 22.8 
2010 12.4 13.6 - - 6.17 5.21 8.76 8.13 27.3 27.0 
2015 15.8 18.1 - - 7.76 5.97 10.7 9.62 34.2 33.7 
2020 21.1 25.5 - - 10.2 7.01 12.9 11.3 44.2 43.8 
2025 25.8 30.4 - - 12.4 7.67 15.7 13.3 53.9 51.3 

 
 HDV Freight Transport CO2 Emissions (MMTCO2) by Fuel Type in the Pre-2000 Policy and Recent Policy Baseline Scenarios 

Aviation Gasoline Diesel Jet Fuel Electricity Fuel Oil Biodiesel 
Year Pre-2000 

Policy 
Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

Pre-2000 
Policy 

Recent 
Policy 

Total 
Pre-2000 

Policy 

Total 
Recent 
Policy 

2000 0.01 0.01 56.8 56.8 0.42 0.42 - - 2.69 2.69 - 0.00 59.9 59.9 
2005 0.01 0.01 70.2 69.6 0.22 0.22 - - 3.13 3.11 - 0.00 73.6 73.0 
2010 0.01 0.01 89.4 81.4 0.27 0.26 - - 3.89 3.75 - 0.00 93.6 85.4 
2015 0.01 0.01 110.2 96.5 0.34 0.32 - - 4.78 4.50 - 0.00 115.3 101.3 
2020 0.01 0.01 130.1 108.3 0.42 0.40 - - 5.66 5.37 - 0.00 136.2 114.1 
2025 0.02 0.01 154.0 125.0 0.51 0.45 - - 6.68 5.95 - 0.00 161.2 131.4 

 
 HDV Freight Transport CO2 Emissions (MMTCO2) by Mode Type in the Pre-2000 Policy and Recent Policy Baseline Scenarios 

Truck Diesel Train Barge Plane 
Year 

Pre-2000 Policy Recent Policy Pre-2000 Policy Recent Policy Pre-2000 Policy Recent Policy Pre-2000 Policy Recent Policy
Total Pre-2000 

Policy 
Total Recent 

Policy 

2000 55.7 55.7 1.13 1.13 2.69 2.69 0.43 0.43 59.9 59.9 
2005 68.8 68.2 1.45 1.42 3.13 3.11 0.23 0.23 73.6 73.0 
2010 87.7 79.9 1.71 1.48 3.89 3.75 0.28 0.27 93.6 85.4 
2015 108.2 94.8 2.01 1.62 4.78 4.50 0.35 0.33 115.3 101.3 
2020 127.8 106.5 2.29 1.78 5.66 5.37 0.43 0.41 136.2 114.1 
2025 151.3 123.2 2.65 1.84 6.68 5.95 0.53 0.47 161.2 131.4 

 
l/100seatkm Plane KWh/100km Electric Train l/100km Bus KWh/100km Mass Transit HDV Passenger Transport Fuel 

Efficiency in the Pre-2000 Policy and 
Recent Policy Baseline ScenariosYear 

Pre-2000 
Policy Recent Policy Pre-2000 

Policy Recent Policy Pre-2000 
Policy Recent Policy Pre-2000 Policy Recent Policy 

2000 25.0 25.0 7136 7136 23.9 23.9 18.8 18.8 
2005 25.0 25.0 7136 7136 23.3 23.4 18.5 18.5 
2010 25.0 25.0 7136 7136 22.9 22.1 18.1 18.1 
2015 25.0 25.0 7136 7136 22.6 21.0 17.8 17.8 
2020 25.0 25.0 7136 7136 22.5 20.0 17.5 17.5 
2025 25.0 25.0 7136 7136 22.1 19.0 17.3 17.3 
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 HDV Freight Transport Fuel Efficiency in the Pre-2000 Policy and Recent Policy Baseline Scenarios 
(liters per 100tkm) 

Truck Diesel Train Barge Plane Year 
Pre-2000 Policy Recent Policy Pre-2000 Policy Recent Policy Pre-2000 Policy Recent Policy Pre-2000 Policy Recent Policy 

2000 4.15 4.15 0.31 0.31 1.06 1.06 4.26 4.26 
2005 4.15 4.11 0.31 0.31 1.06 1.06 4.26 4.26 
2010 4.15 3.92 0.31 0.29 1.06 1.06 4.26 4.26 
2015 4.15 3.74 0.31 0.28 1.06 1.06 4.26 4.26 
2020 4.15 3.57 0.31 0.27 1.06 1.06 4.26 4.26 
2025 4.15 6.81 0.31 0.25 1.06 1.06 4.26 4.26 

 
 Total HDV CO2 Emissions and Emissions Intensity in the Pre-2000 Policy and Recent Policy Baseline Scenarios 

Total CO2 Emissions 
(MMTCO2) 

Emissions Intensity 
 (metric tons CO2/PJ) Year 

Pre-2000 Policy Recent Policy Pre-2000 Policy Recent Policy 
2000 77.7 77.7 66,233 66,240 
2005 95.8 95.8 66,231 66,287 
2010 120.9 112.4 66,245 63,380 
2015 149.5 135.0 66,229 63,352 
2020 180.4 157.9 66,172 63,327 
2025 215.1 182.7 66,156 63,225 

 
 HDV Fuel Consumption (PJ) in the Advanced Options Scenarios 

Aviation Gasoline Diesel Jet Fuel Electricity  NGV Biodiesel 
Year A2 B2 A2 B2 A2 B2 A2 B2 A2 B2 A2 B2 

Total 
A2  

Total 
B2 

2000 3.90 3.90 999.5 999.5 126.0 126.0 4.50 4.50 - - - - 1,173 1,173 
2005 5.12 5.11 1,158 1,158 165.4 165.4 4.04 4.04 - - - - 1,377 1,377 
2010 6.64 6.39 1,188 1,180 214.5 206.7 4.75 4.57 5.11 13.0 132.5 132.6 1,606 1,598 
2015 9.39 9.08 1,305 1,280 303.6 293.4 5.70 5.51 7.66 23.2 145.9 144.8 1,847 1,824 
2020 14.3 12.6 1,404 1,313 462.1 406.3 6.81 5.98 13.0 37.4 157.4 150.1 2,147 2,010 
2025 18.8 15.3 1,584 1,418 607.6 495.5 8.18 6.65 17.3 63.7 177.9 164.6 2,519 2,260 
 

 Total CO2 Emissions (MMTCO2) by Fuel Type in the Advanced Options Scenarios 
Year Aviation Gasoline Diesel Jet Fuel Electricity Fuel Oil Biodiesel 

 A2 B2 A2 B2 A2 B2 A2 B2 A2 B2 A2 B2 
Total A2 Total B2 

2000 0.24 0.24 66.62 66.62 8.11 8.11 - - 2.69 2.69 - - 77.7 77.7 
2005 0.32 0.32 77.18 77.16 10.64 10.64 - - 3.14 3.13 - - 91.3 91.2 
2010 0.41 0.40 79.18 78.68 13.81 13.30 - - 3.81 3.80 0.00 0.00 97.5 96.9 
2015 0.59 0.57 87.00 85.31 19.54 18.88 - - 4.84 4.77 0.00 0.00 112.4 110.8 
2020 0.89 0.78 93.57 87.55 29.74 26.14 - - 6.23 5.87 0.00 0.00 131.1 122.3 
2025 1.17 0.96 105.60 94.52 39.10 31.88 - - 7.32 6.66 0.00 0.00 154.1 137.4 
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• Residential 
 

o India 
 Pre 2000 Policy Scenario128 

Demand Consumption of fuels (PJ) 
Year Lighting (Trillion 

lux hours) 
Appliances 
(PJ) 

Cooking 
(PJ) Electricity LPG Kerosene Traditional 

fuels 

CO2 emissions 
(million tons) 

2001 68 97 864 291 368 321 6175 46 
2006 86 159 933 414 447 279 6289 48 
2011 106 272 1002 622 611 234 5914 55 
2016 121 474 1064 901 775 247 5499 67 
2021 139 805 1123 1316 942 253 5083 78 
2026 156 1262 1177 1834 1074 257 4832 86 
2031 170 1851 1222 2438 1164 266 4728 93 

 
 Recent Policy Scenario 

Demand Consumption of fuels (PJ) 
Year Lighting (Trillion 

lux hours) 
Appliances 
(PJ) 

Cooking 
(PJ) Electricity LPG Kerosene Traditional 

fuels 

CO2 emissions 
(million tons) 

2001 68 97 864 291 368 321 6175 46 
2006 103 207 933 491 445 282 6289 48 
2011 143 440 1002 747 611 249 5857 56 
2016 180 799 1064 1069 777 280 5346 69 
2021 214 1375 1123 1570 966 313 4664 83 
2026 242 2147 1177 2218 1165 337 3874 98 
2031 263 3123 1222 3013 1366 350 3029 111 

 
 Advanced Options Scenario #4 (all feasible options) 

Demand Consumption of fuels (PJ) 
Year Lighting (Trillion 

lux hours) 
Appliances 
(PJ) 

Cooking 
(PJ) Electricity LPG Kerosene Traditional 

fuels 

CO2 emissions 
(million tons) 

2001 68 97 864 291 368 321 6175 46 
2006 105 207 933 490 514 327 5982 56 
2011 143 440 1002 664 743 170 5314 59 
2016 180 799 1064 892 977 152 4553 73 
2021 214 1375 1123 1393 1232 131 3631 87 
2026 242 2147 1177 2033 1492 100 2498 101 
2031 263 3123 1222 2819 1748 55 1254 114 

 
o Brazil 

 Pre-2000 Policy Scenario 
Final Energy Consumption 

 unit 2005 2010 2015 2020 2025 
Electricity PJ 327.74 428.35 559.83 731.68 956.27 

Wood PJ 324.81 326.44 328.07 329.72 331.37 
LPG PJ 273.27 349.29 446.46 570.66 729.41 

Natural Gas PJ 15.83 19.66 24.43 30.36 37.73 
Charcoal PJ 9.76 9.80 9.85 9.90 9.95 

Total PJ 941.65 1.123.74 1.358.80 1.662.42 2.054.78 
 

 Recent Policy Scenario  
Final Energy Consumption 

  unit 2005 2010 2015 2020 2025 
Electricity PJ       327.74        418.29       533.86       681.35       869.60  
Wood PJ       324.81        301.17       279.25       258.93       240.08  
LPG PJ       273.27        297.19       323.19       351.47       382.23  
Natural Gas PJ         15.83          19.71         24.55         30.57         38.08  
Charcoal PJ           9.76            9.05           8.39           7.78           7.21  
Total PJ     941.65   1.036.36  1.160.85  1.322.33  1.529.99  

 

                                                           
128 Traditional fuels include firewood and chips and dung cake, and are assumed to be carbon-neutral.  CO2 emissions include emissions from 
LPG and kerosene 
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 Advanced Options Scenario #4 (all feasible options) 
Final Energy Consumption 

  unit 2005 2010 2015 2020 2025 
Electricity PJ       327.74        421.02       542.36       668.00       846.96  
Wood PJ       324.81        299.44       169.65       138.42       104.16  
LPG PJ       273.27        296.76       323.39       327.74       348.21  
Natural Gas PJ         15.83          29.06         52.08         93.41       168.80  
Charcoal PJ           9.76            9.00           5.11           4.14           3.12  
Total PJ     941.65   1.046.28  1.087.48  1.227.57  1.468.13  

 
 GHG Emissions  

B2 Pre-2000 Policies B2 Recent Policies B2 Advanced Options Years LPG NG LPG NG LPG NG 
2005 16.37 0.84 16.37 0.84 16.37 0.84 

2010 20.93 1.05 17.81 1.05 17.78 1.55 

2015 26.75 1.30 19.36 1.31 19.38 2.78 

2020 34.19 1.62 21.06 1.63 19.64 4.98 

2025 43.70 2.01 22.90 2.03 20.86 9.00 
 

• Commercial 
 

o India 
Table 3.6.6: Projected Fuel Consumption (by type) and CO2 emissions in B2- Pre-2000 Policy Scenario 

Total Fuel Consumption CO2 Emissions by fuel type 
LPG Kerosene Electricity LPG Kerosene Total CO2 emissions Year 
(PJ) (PJ) (TWh) (million tons) (million tons) (million tons) 

2001 49.4 60.7 45.9 3.1 4.4 7.5 
2006 75.4 60.7 61 4.8 4.4 9.2 
2011 111.7 60.7 88.4 7 4.4 11.4 
2016 159.7 60.7 127.8 10.1 4.4 14.5 
2021 222.1 60.7 184.7 14 4.4 18.4 
2026 302.4 60.7 267.3 19.1 4.4 23.5 
2031 405.1 60.7 387.2 25.6 4.4 30 

 
Table 3.6.7: Projected Fuel Consumption (by type) and CO2 emissions (2001-2031) in B2-Advanced Options Scenario 

Total Fuel Consumption CO2 Emissions by fuel type 
LPG Kerosene Electricity LPG Kerosene Total CO2 emissions Year 
(PJ) (PJ) (TWh) (million tons) (million tons) (million tons) 

2001 49.4 60.7 45.9 3.1 4.4 7.5 
2006 83 55 51.9 5.2 4 9.2 
2011 128 49.3 72.7 8.1 3.5 11.6 
2016 186 43.6 102.1 11.7 3.1 14.8 
2021 260 37.9 143.9 16.4 2.7 19.1 
2026 353.9 32.2 203.6 22.3 2.3 24.6 
2031 472.8 26.5 289 29.8 1.9 31.7 

 
o Brazil 

Energy Consumption of the Brazilian service sector: B2 Pre-2000 Policy Scenario ( PJ) 
 2005 2010 2015 2020 2025 

Fuel Oil 50.0 60.0 60.0 60.0 60.0 
Diesel 20.0 30.0 30.0 30.0 30.0 

Electricity 140.0 150.0 160.0 170.0 190.0 
Wood 10.0 10.0 10.0 10.0 - 
LPG 60.0 70.0 80.0 90.0 100.0 

Natural Gas 10.0 10.0 10.0 10.0 10.0 
Total 300.0 310.0 340.0 360.0 390.0 

Note: Totals in this table and in the following tables may not sum due to rounding 
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Energy Consumption of the Brazilian service sector: B2 Recent Policy Scenario (PJ) 

 2005 2010 2015 2020 2025 
Fuel Oil 30.0 30.0 30.0 30.0 30.0 
Diesel 10.0 10.0 10.0 10.0 20.0 

Electricity 140.0 140.0 140.0 140.0 140.0 
Wood 10.0 - - - - 
LPG 40.0 30.0 30.0 30.0 30.0 

Natural Gas 40.0 50.0 50.0 60.0 50.0 
Total 260.0 270.0 280.0 280.0 270.0 

 
  Energy Consumption of the Brazilian service sector: B2 Advanced Options Scenario (PJ)  

 2005 2010 2015 2020 2025 
Fuel Oil 30.0 20.0 20.0 20.0 10.0 
Diesel 40.0 40.0 50.0 50.0 60.0 

Electricity 140.0 130.0 130.0 120.0 120.0 
Wood 10.0 - - - - 
LPG 40.0 30.0 30.0 30.0 30.0 

Natural Gas 40.0 40.0 40.0 40.0 40.0 
Total 280.0 270.0 260.0 260.0 260.0 

 
CO2  Emissions Scenarios in the B2 Group of Scenarios 

B2 Pre-2000 Policy B2 Recent Policy B2 Advanced Options Year 
Fuel Oil Diesel LPG NG Fuel Oil Diesel LPG NG Fuel Oil Diesel LPG NG 

2005 3.70 1.65 3.86 0.28 1.83 0.84 2.16 2.15 1.83 2.50 2.16 1.92 
2010 3.89 1.73 4.19 0.32 1.92 0.88 2.01 2.47 1.57 2.77 2.01 1.90 
2015 4.08 1.82 4.60 0.37 2.02 0.93 1.89 2.81 1.35 3.06 1.89 1.87 
2020 4.29 1.91 5.12 0.42 2.12 0.98 1.80 3.06 1.16 3.56 1.80 2.09 
2025 4.51 2.01 5.70 0.37 2.23 1.03 1.67 2.86 1.00 3.90 1.67 1.97 
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Appendix III: Oil Price Assumptions 
Since the market for oil is an international market, it was decided that a single global projection of future 
oil prices would be used in all sectors in all three countries.  Two scenarios were considered, both from 
the US Energy Information Administration: the Annual Energy Outlook 2005 (AEO 2005), and the 
International Energy Outlook 2004 (IEO).  The AEO 2005 is a projection of domestic energy supply and 
demand in the United States, but also includes a projection of world oil prices.  The available AEO 
edition was more recent than the IEO, so it was decided to use the AEO 2005 prices.129  The AEO 2005 
includes a reference case forecast and several sensitivity scenarios; the reference case oil prices were used 
for the analysis.  These oil prices are shown below: 
 

Annual World Oil Price Assumptions 

Year Reference Case Price (2003 
$ per barrel) 

1996 23.25 
1997 20.48 
1998 13.2 
1999 18.55 
2000 29.2 
2001 22.64 
2002 24.1 
2003 27.73 
2004 35 
2005 33.99 
2006 30 
2007 27.35 
2008 26.15 
2009 25.3 
2010 25 
2011 25.35 
2012 25.69 
2013 26.04 
2014 26.39 
2015 26.75 
2016 27.1 
2017 27.45 
2018 27.79 
2019 28.14 
2020 28.5 
2021 28.86 
2022 29.22 
2023 29.58 
2024 29.94 
2025 30.31 

                                                           
129 At the time the analysis was conducted, oil price projections incorporating the recent increase in oil prices were 
not available.  CCAP and the in-country teams have conducted alternative sensitivity scenarios assuming higher oil 
prices to provide comparison.  Consult the individual country reports for details of the respective high oil price 
analyses. 
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Appendix IV: Workshop Summaries and Participants 
 

• China 
Agenda 

 
Time Slot Speaker/Topics 
9:55-10:00 Presenter: Mr. Xuedu LU 

Welcome 
10:00-10:20 
 

Presenter: Mr. Jake Schmidt, CCAP 
Project Introduction 

10:20-10:40 
 
 

Presenter: Mr. Can Wang, Tsinghua 
Analysis of CO2 Emission Scenario and Mitigation Technology in China’s Different Sectors: Background and 
Summary 

10:40-11:10 
 

Presenter: Mr. Ke Wang, Tsinghua 
Analysis of CO2 Emission Scenario and Mitigation Technology in China’s Iron and Steel Sector 

11:10-12:00 Comment and Discussion 
13:30-14:00 
 

Presenter: Ms. Ying Zhang, Tsinghua 
Analysis of CO2 Emission Scenario and Mitigation Technology in China’s Electricity Sector 

14:00-14:40 Comment and Discussion 
14:40-15:10 
 

Presenter: Ms. Wenjia Cai, Tsinghua 
Analysis of CO2 Emission Scenario and Mitigation Technology in China’s Transport Sector 

15:10-15:50 Comment and Discussion 
16:10-16:30 
 

Presenter: Mr. Bin Du, Tsinghua 
Technology Analysis of Industrial Water Saving and Energy Saving in China 

16:30-17:00 
 

Presenter: Mr. Can Wang, Tsinghua 
Macroeconomic Analysis of Emission Reduction in China’s Different Sector and Main Results of the Project 

17:00-17:30 Discussion 
 

Background and Rationale 
 

This workshop was organized by Tsinghua University. The purpose of this workshop was to give report on the 
interim sector analysis results and to receive comments and suggestions from experts and governors in China.  
 
The entire world is facing more and more serious climate change damages, which are believed to be caused by 
human beings using huge amount of fossil fuels and emitting vast greenhouse gases. This project, Assisting 
Developing Country Climate Negotiators through Analysis and Dialogue, intends to work with leading in-
country partner organizations to analyze greenhouse gas mitigation options in four key developing countries – 
Brazil, China, India and Mexico. The project team will conduct in-dept micro- and macroeconomic analyses of 
greenhouse gas mitigation options and costs, develop a suite of potential domestic policies for the most 
promising options, and assess the implications of post-2012 international climate policies in these key “case 
study” countries.  
 
In this workshop, project team members from Tsinghua University introduced their interim analysis results in 
iron/steel, electricity and transportation sector. Contents mainly include two parts: the greenhouse gas emission 
forecasts for those sectors through 2020, and, the emission reduction cost curves for mitigation 
options/technologies in each sector. Building on this bottom-up quantitative analysis, CCAP and Tsinghua will 
then conduct preliminary assessments of a set of promising policies for implementation of mitigation options 
in selected sectors, develop preliminary evaluations of potential co-benefits in environmental, health and other 
areas, and analyze the macro-economic implications of the policies. The policy analysis will include both 
domestic options and international strategies. 
 
 

Summary of Presentations and Comments 
By Wenjia CAI from Tsinghua University 

 

Mr. Xuedu LU opened the workshop, followed by Mr. Jake Schmidt giving a brief introduction to this 
project and the role of CCAP in it. Next, Mr. Can Wang presented the background, framework, model, 
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scenarios of the project in China and gave out some preliminary result from sector analysis. Wang mentioned 
energy and environment models were added into the original GTAP model to help analyze the environmental 
policies in developing countries.  
 
The first sector analysis report was given by Mr. Ke Wang, about the analysis of CO2 emission scenario and 
mitigation technology in China’s Iron/Steel sector. According to his presentation, China ranks the highest in 
iron/steel production in the world ever since 1996. Energy intensity per ton steel production is very high in 
China, about 1.5 times as in Japan. Main reasons of higher energy intensity are characteristics of production 
process, small proportion of advanced equipment and inefficient management. Forecast for iron/steel 
production has been updated lately, while the whole production through 2020 can still be divided into three 
parts: fast increasing before 2010, slowly increasing after 2010, and a constant phase through 2020. Three 
scenarios had been developed to analyze the potential emission and the mitigation technology. In scenario 3, 
the most environmental-friendly scenario, the emission reduction potential is promising; however, it is costly 
at the same time. We need a lot of money to implement.  
 
Ms. Chunxia Zhang and Mr. Dao Huang made comments to Wang’s presentation. Comments include: 1) the 
trend of production should be affirmed, but some problems seemed to be with the calculation and the energy 
structure; 2) it is difficult to estimate the GDP and I&S production as the many uncertain factors in China so 
more flexible changes are needed; 3) adjustments to the mitigation options are needed, such as, adjusting iron 
and steel ratio option needs more discussion and proportion of emissions is too high to reach; there will be a 
very small potential for option “increasing coal power injection level” to develop; EAF is difficult to utilize in 
China given the shortage of waste steel; increased used of coke oven is useful, but not a priority; utilization of 
excess heat should be added as an option; 4) interactive effects between sectors are important and needed. 
More free comments were made concerning to the production trend, the mitigation option and the need to 
address ways of problem solving in high cost scenario.  
 
The second sector analysis report was given by Ms. Ying Zhang, about the analysis of CO2 emission scenario 
and mitigation technology in China’s electricity sector. According to her presentation, coal fire plants 
produced 81% of total electricity in China while hydro power plants took up 18% and nuclear power plants 
1.2%. After the completion of three Gorges dam in 2009, the dam will be the largest hydro power plant in the 
world. An important regulation published by government in 1997 said that any plant below 25 MW cannot be 
produced. But small scale generators have continued to be build, in remote areas and small cities. Three 
scenarios had been developed to analyze the potential emission and the mitigation options. CCS potential is 
uncertain. Major contributors to emission reductions go to hydro power plants, CCS and nuclear plants. She 
also made conclusions that 1) CO2 emission will be very high over time; 2) in short term, it is very important 
to increase government management and increase publicity about this, while in long term, emission reduction 
will depend more on CCS, hydro power and new technologies.  
 
Mr. Xuedu LU commented that some of the objectives in electricity sector are too ambitious. Mr. Yong Zhao 
affirmed with the general conclusion, but suggested verification on some figures due to the drastic capacity 
expansion and the systemic change, esp. the division of national electricity corporation. Zhao also predicted 
that the decreasing trend of electricity consumption by secondary industry as well as the coal intensity. 
Another comment is from a representative from NDRC who stated her preference to the methodology and 
trends rather than the concrete data. She also suggested that capital guarantees should be considered when 
making scenarios, which was why she thought scenario 2 and 3 were very hard to implement. Ms. Chen from 
WWF and Mr. Xuedu LU suggested not to be too optimistic about CCS, which is time- and money-
consuming.  
 
The third sector analysis report was given by Ms. Wenjia Cai, about the analysis of CO2 emission scenario 
and mitigation technology in China’s transport sector. According to her presentation, transport sector takes up 
1/3 of total fuel in China and half of the transport fuel consumption is from passenger vehicles. Three 
scenarios had been developed to analyze the potential emission and the mitigation options. Transport sector 
would have a very large emission reduction potential due to the implementation of vehicle technologies, BRT 
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and fuel substitution (mainly petrol and diesel to LPG and CNG). It was concluded that 1) vehicle technologies 
are most effective for emission reduction; however, more work has to be done with the cost information; 2) 
BRT is a comparatively low investment and can be developed in short term; 3) national communications and 
government participation are needed to help implement those mitigation options.  
 
Mr. Hezhong Tian, Mr. Haiyang Gao and Mr. Xuedu LU made comments to this presentation. They agreed 
on the situation of fuel consumption in road transport sector and the projection on vehicle population. Other 
comments include: 1) maybe China needs a leap-frog in developing vehicle technologies; 2) the passenger 
mileage and fuel economy data need to be updated; 3) more thoughts should be given to the increase usage of 
diesel vehicles because some of diesel emissions are carcinogenic; 4) BRT may not be applicable in all parts of 
the country; 5) fuel substitution from petrol and diesel to LPG and CNG is not sustainable, so it could not 
solve the problem; 6) cost information should be polished to be more persuasive; 7) more things need to 
considered, such as biodiesel, hybrid electric vehicles, road condition and urban developing, people’s driving 
habits.  
 
Mr. Bin DU made a presentation in Technology Analysis of Industrial Water Saving and Energy Saving in 
China, which was a brief introduction of his PhD dissertation. It also utilized the scenario analysis method.  
 
Finally, Mr. Can Wang made a conclusion presentation on the main results of all sectors in China. It used 
GTAP-E model as an analysis tool, which analyzed the effects given by emission reduction to GDP, import 
and export, trade and employment. He also made a sum-up about the emission reduction in each sector and 
identified the key mitigation options and the corresponding cost. After analyzing the barriers to achieve 
emission reduction, he also gave out the suggestions for further research.  
 
Mr. Wen Gang suggested that we should be more flexible about phase II, either expand or narrow scope. 
Other comments include: 1) there are two costs when looking at international negotiations; one is the country’s 
ability to pay, and the other is the incremental cost; 2) more channels should be explored to get capital; 3) we 
need more different methodologies to reach a more appropriate estimation of energy consumption and energy 
saving.  
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• India 

 
Workshop on  

PRESENTATION OF GREENHOUSE GAS (GHG) MITIGATION ASSESSMENT FOR INDIA 
 

Record of Discussions 
 
TERI has undertaken a project entitled “Assisting Developing Country Climate Negotiators through Analysis 
and Dialogue” in collaboration with the Center for Clean Air Policy (CCAP), USA. The exercise involved an 
in-depth analysis of various technology and policy options to reduce GHG emissions using a bottom-up model 
(MARKAL) in the following sectors: power generation, transport, industry (cement, iron & steel and paper & 
pulp), residential / commercial, agriculture and forestry. 
 
A two-day workshop was organized on 30-31 March 2006 in New Delhi to present the key results for each 
sector and to seek inputs from experts with the objective of reaching more realistic results. 
 
OPENING SESSION 
Ms Preety M. Bhandari, Director, Policy Analysis Division, TERI gave an introduction to the Workshop and 
Mr Jake Schmidt, International Program Manager, CCAP outlined the project brief. 
 
Keynote Address by Dr. Prodipto Ghosh, Secretary, Ministry of Environment and Forests, Government of 
India 
 
Dr. Prodipto Ghosh highlighted that with economic growth and industrial development in India, new economic 
sectors are fast emerging. These are information technology, bio-technology, media and entertainment and 
carbon market. All these sectors are interconnected and there are synergies between them. The core of all these 
sectors is based on scientific knowledge. 
 
Carbon market, particularly, is about transformation of the world, of our livelihoods (what we produce, how 
we produce, what we eat, how do we travel, etc.). Carbon market seeks to achieve a sustainable world where 
the developing countries are enabled to participate in the whole process of carbon reduction. Carbon market is 
emerging as one of the core leading markets of the Indian economy. 
 
Since the Kyoto Protocol has come into force, several issues have emerged regarding its implementation. The 
main areas of concern have been unilateral CDM projects involving indigenous technology, linking of baseline 
to the existing policies of individual countries, and lack of benefit of CDM to small scale projects due high 
level of technical due diligence required. 
 
SESSION 1: INFRASTRUCTURE 
The session was chaired by Mr. Surya P. Sethi, Adviser (Energy & Coal), Planning Commission. 
 
Presentation on “Evaluation of Power Generation Technologies” by Dr. Pradeep Kumar Dadhich, Fellow, 
TERI 
• Power sector has grown at tremendous growth rate post 2000. In some states, the growth rate has been 

over 8-9%. Some sectors, especially commercial and industrial in some states, have grown at the rate of 
over 11%. There is also rising demand in the residential sector. 

• 93 billion tons are proven and recoverable reserves of coal. 1100 BCM of natural gas is available. 
• On the status of coal based technologies, it was mentioned that first sub-critical coal plant will come in the 

period 2007-12 and also R&M will be aggressive. IGCC demo plant is also expected to come in 2007-12. 
Demonstration plant will continue but will become commercial in the period 2017-22. Thereafter, it will 
be available for utilization commercially. Ultra super critical expectation is that first plant will come up in 
2017-22. It will not take much time and will be available commercially 2022 onwards.  
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• First gas turbine; H frame plant is expected to come in the period 2007-12. The other plants will continue 
to be of the existing status.  

• The presence of ambitious nuclear programme was highlighted. In the model, two scenarios have been 
considered with regard to penetration of nuclear technologies: the current level and fast rate of penetration. 
In the fast penetration scenario, it has been considered that the Indo-US deal will be facilitating the 
progress of nuclear technologies. In addition, we expect that Russian VVRs would be available at a much 
faster rate. In addition there is a possibility of nuclear collaboration with France and also availability of 
fuel from other nuclear suppliers’ groups, which at the moment is under negotiation. Therefore, this 
scenario considers what can be the fastest penetration of nuclear technologies. However, the current status 
shows that by the end of 2011-12, nearly 6 GW plant will be operational and the second stage programme 
will also start during the current five year plan. Based on the success of this stage, we can see that we 
achieve a faster growth rate of third stage thorium based reactors. It is important for climate change 
mitigation options. 

• The country has 27375 MW of hydro capacity as of today. Government of India has undertaken two 
studies and it wants to penetrate hydro plants aggressively. A few sites have been identified whereby we 
can move to 50000 MW in next 20 yrs starting today and there is a further acceleration that we can 
introduce up to 150000 MW if all the existing sites are allowed to operate at 60% PLF. We have large 
number of small sites but the potential that exists is only 10280 MW. The country has huge pump storage 
capacity of 94000 MW but at the moment these are not taking off because of lack of cost effectiveness. 
Thus, some focus can be given to this area.  

• Wind technology has grown very rapidly. The capacity utilization factor as well as placement of wind 
turbines has improved significantly. Therefore, the potential of wind turbines is higher than what has been 
estimated by MNES. However, in the changing market scenario, costs for wind turbines are accelerating 
rather than decreasing because of the international move by wind turbine manufacturers to have a hold on 
the wind turbine manufacturing all over the world. Therefore, major oil industry fossil fuel players as well 
as power generating companies have moved into wind turbine manufacturing. It is expected to achieve 
33% PLF as against existing average of 17-20% in the country.  

• Significant potential of solar photovoltaic was also highlighted. It was mentioned that the country has a 
potential of 3.6-3.8 kwh/M2 in winters which goes up to 4.0-7.6 kWh/M2 in summers but it appears to be 
one of the most costly options.  

 
The following results have been brought forward by the study: 
 
− Specification of results from the modeling exercise then started with mention about the assumptions.  
− The total electricity consumption increases by 8.2 times during 2000-30 with industry growing at the 

fastest rate of 9% in the base case. Electricity generation increases to 3500-4000 TWh in various 
scenarios, with generation being relatively lowest in the B2REF because of the end use efficiencies 
considered in the B2REF scenario. In terms of electricity generation mix, in the B2REF scenario which is 
based on clean technologies, the percentage share of coal decreases to roughly around 25% in 2020 and 
thereafter increases to 65% by 2035. In the B2GOV, percentage share of coal in the generation mix 
decreases to 40% in 2020 and thereafter increase to 75% by 2035. In short, coal continues to play a 
dominant role. In the reference scenario, coal required for power generation reduces by 200 mtoe by the 
year 2030 this can have implications on import of coal.  Therefore, CO2 emissions are also lowest in the 
B2REF.  

 
Discussions 
The discussions consequent to the presentation were lead by Mr Sudhinder Thakur, Executive Director 
(Corporate Planning), Nuclear Power Corporation, Mr P K Modi, General Manager (project engineering), 
NTPC Ltd. and Dr Y P Abbi, Senior Fellow, TERI. 
 
The following issues emerged during the discussions: 
• Capacity utilization factor has gone up from about 3 in 1948 to 5 now. In 1950, the country had a power 

generation capacity of 1.7 GW and produced around 5.1 TWh. Now we have 112 GW capacity producing 
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565 TWh. The country has somewhat reached the peak in terms of capacity utilization factor and is not 
possible to increase it further at a rapid rate. Therefore, now to bring about the same increase in 
generation, a higher increase in capacity will be required.  

• The country has not started with the targets in the ongoing plan in terms of nuclear till now. Therefore, 
penetration of nuclear can be delayed. Levelized cost figures for nuclear need to be checked. In the 
domestic scenario, domestic price for natural uranium should be considered. Cost figure of 1.03 seems too 
low; it should be somewhere around 1.4. Possibility of international co-operation for nuclear started many 
years ago and it has now started showing some results. However, we still have a long way to go. To say 
that the country can achieve a significant capacity addition in next 5-10 years will not be right. The 
Department has a target of 20000 MW by 2020 which included 6 more reactors on imported basis. In the 
best case scenario, it will be possible to add another 20000 MW by way of private sector participation. It is 
also targeted that most of the nuclear power should come from indigenous sources. 

• There has been a fuel crunch in the recent years. Therefore, fuel mix to achieve the expected power 
generation by 2030 is going to be the question. There is already a stress on putting up a power station not 
on the pithead but particularly away from the mines. Power station sizes are also increasing. 660 MW has 
already been introduced and 800 MW size is now targeted by NTPC between super critical and ultra super 
critical range. It is expected to come in 2012-17.  

• Efficiency numbers needs some correction. The net efficiency of super critical should be 35% whereas in 
the presentation it is mentioned as 32%. For IGCC, 46% efficiency has been indicated whereas actually 
net efficiency for IGCC plants is 37% because of auxiliary consumption being high. Cost for coal plants is 
going to be accelerated because of the environmental pressure. In 2010, first plant of 30-40 MW with 
carbon sequestration is expected at an indicated cost of Rs. 8-9 crore per MW and if this kind of steps 
increase the cost by Rs. 0.4-0.5 crore per MW. Environmental costs are increasing very rapidly. After 6-7 
years, the environment measures that are coming up in Europe and US will also be undertaken in India 
which will accelerate the cost of generation from coal. 

• Electricity mix is giving a slightly skewed picture with percentage share of coal falling to around 25% by 
2020. Knowing that gas is not available to that extent, percentage share of coal should not decrease to that 
extent. Coal will continue having a dominant share in the generation mix. Therefore, our stress should be 
on increasing the efficiency of coal based plants. From this analysis, an attempt should be made to broadly 
conclude the policy efforts we must take to improve the efficiency for power generation. Policy guidelines 
should also contain that the high quality imported coal should go for most efficient mega plants.  

• We should also start thinking of zero emission plants with sequestration so that in another 10 years, we 
may come up with first zero emission plant. 

• Concerns on the conclusions of the study were expressed. Any scenario that suggests that gas capacity will 
be built and then gas will go away because of constraints on the availability is questionable for the fact that 
if this is so then at the first place no one will invest in the gas capacity. 

• CEA has accepted the capacity to be 43000 MW from initial estimates of 15000 MW and the personal 
sense is that 60000 MW of captive capacity exist in the country.  

• 93 billion tons is proven and recoverable reserves of coal and not recoverable. Not even one third of this 
proven capacity is recoverable.  

• For hydro, 150000 MW is not the potential at 60% PLF, it is at 30%. The number 84000 is at 60%.  
• 33% PLF for wind is overstating.  
• BHEL, at best, expects the efficiency of super critical to increase by just 1%. IGCC is not delivering 46% 

and to assume that efficient gas plants will exhibit an efficiency of 60% is simply overstating.  
• The idea of nuclear coming in and salvaging every thing is not realistic. Physical abilities of delivering this 

much capacity should be looked into. Before accepting the idea that the country will be in a position to 
deliver 40000 MW of nuclear by the year 2020, it should be considered that we have just 3000 MW in the 
last 40 years. Moreover, 2020 is not far away. Therefore, some realism should come in here.  

• Try and bring the base year to latest level.  
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Presentation on “Possibilities for Energy Reduction in Transport Sector & Implications for Petroleum 
Import” by Ms Ritu Mathur, Associate Fellow, TERI 
The presentation covered in detail the rail and road transport sectors alongwith the key drivers of travel 
demand, projections of passenger and freight transport demand, fuel and technology options in the transport 
sector, status of policies in the transport sector, GHG mitigation options, various GHG mitigation scenarios 
and the key results of the modeling exercise. 
 
Discussions 
The discussions consequent to the presentation were lead by Mr Dilip Chenoy, Director General, Society of 
Indian Automobile Manufacturers, Mr Vijai Kumar Agarwal, Former Chairman, Railway Board and Mr S. 
Sundar, Distinguished Fellow, TERI. 
 
The following issues emerged during the discussions: 
− At present, Indian economy is not tourism intensive. However, with rise in per-capita GDP, the amount of 

passenger movement for tourism and leisure would also increase. Moreover, India is largely a services 
economy with 51% of its GDP being generated by the services sector. The services economy by nature is 
quite movement oriented. Thus, the impact of tourism and services should be built into the model while 
estimating and projecting passenger transport demand.  

− With regards to the share of public transport vis-à-vis private transport in total road passenger movement, 
it was pointed out that 35% of India’s children are going to be school-going during the 2000-2030 period. 
They would not have adequate access to transportation as bus-density is quite low in the country. Thus, a 
multi-modal mix and some kind of policy intervention promoting this kind of modal-mix should be built 
into the system. 

− As far as the auto fuels and vehicular technologies are concerned, the short-term solution could be a 
mixture of hydrogen and CNG. It was suggested that the timeline for battery-operated three-wheelers 
should be changed to an earlier date than 2025. The fuel-efficiency of the two-wheelers deploying 2-stroke 
and 4-stroke technology should be mentioned in kilometres per litre. 

− In the coming years, the face of commercial transportation would change in a big-way with 60% of the 
freight being carried by Multi-axle vehicles (MAVs). Another potential technology for freight movement 
would be the trains on roads. The axle loads of these technologies could vary between 16 -18 tons.  

− There is a loss of market share by railways in freight movement. There are three thrust areas identified for 
restoring the market share that the railways have lost to roads in recent years: 
 Policy correction by the Government of India to ensure a level-playing field for railways.  
 Accelerated inputs to railways by the way of constructing new lines. Dedicated freight corridors on 

the Golden quadrilateral. 
 A greater emphasis on containerization. 

These measures could help in increasing the share of railways to 60%. 
− All weather roads are being provided to link up India’s rural areas; the agricultural commodities and 

passenger traffic which were earlier being moved by non-motorized transport are now covered by 
motorized transport. Therefore, the extent of shift from non-motorized to motorized transportation for 
freight transportation should also be looked into. 

− With regard to the policy initiatives, the nature of the Indian economy has undergone considerable 
transformation. Earlier, all the fertilizer plants, petroleum refineries, fertilizers for feedstock etc. were 
located at coastal areas. Similarly, all the power plants and the steel plants were situated near the 
coalfields. Earlier, the movement of these products was by railways. However, the trend has changed in 
the recent years with these fertilizer plants, steel plants, power plants etc. being located nearer to points of 
consumption. Trip-lengths for some of the commodities have fallen so sharply. In this context, it is 
important to conduct origin-destination survey to capture the extent of shift in freight movement. 
However, it was clarified that such studies are outside the scope of the project activities. 

− Movement of freight traffic by coastal shipping (inland water transport) alongwith the pipeline 
transportation should be incorporated. 
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− There should be a strong emphasis on improving fuel-efficiency. Most countries have set fuel-efficiency 
standards that all vehicles should achieve over a certain point of time. However, these fuel-efficiency 
standards have not been enforced in India.  

− The policies in the transport sector should focus on low-cost options for the transport sector such as buses 
and other public transport. Draft urban transport policy places emphasis on costly public-transport options 
such as MRTS, Mono-rail, skyline. However, low-cost options such as bus-transport also should be 
promoted. 

− While assessing the transportation needs, the changing demographic structure of the population (including 
the population of working women) should be considered. A scenario could be constructed where there is a 
greater amount of interface of railways with the private sector. Further, it would not be unrealistic to make 
aggressive assumptions on certain parameters like the potential share fuel efficiency in public and private 
transportation. There is no doubt about greater efficiency of the locomotives using bio-diesel as the fuel. 
The issue, in fact, is regarding the availability of oil at competitive prices vis-à-vis diesel. 

− It may be concluded that the competition in the transport sector would allow improvements in fuel-
efficiency, modal shifts and other energy-efficiency improvements in future. The assumptions of 
parameters influencing energy-efficiency in transport sector could be relaxed. 

 
 
SESSION 2: INDUSTRY 
The Session was chaired by Dr Ajay Mathur, President, Synergy Global. 
 
Presentation on “Assessment of Energy Demands and Technology Options in Industry Sector – Focus: 
Cement, Iron & Steel and Pulp & Paper” by Dr. Atul Kumar, Research Associate, TERI 
The presentation covered in detail the projected demand of industrial products, technology options in various 
industries, characterization of various technologies in these industries, GHG mitigation options for iron and 
steel, cement and pulp and paper Industries, various mitigation scenarios for the three industrial sub-sectors 
and the modeling results (including the projections of energy consumption of various industry sub-sectors, 
projected fuel mix in industry alongwith its breakup, the projected GHG emissions in future, etc.). 
 
Discussions 
The discussions consequent to the presentation were lead by Mr Deepak Bhatnagar, Advise & Scientist G, 
TIFAC and Mr. Pradeep Kumar, General Manager, National Council for Cement and Building Materials. 
 
The following issues emerged during the discussions: 
- The figures for current production of steel need to be verified. The projections of steel demand (75 million 

tons) for the year 2010 seem quite high. 
- With regard to the energy-efficiency measures in the iron & steel Industry, lot of sensible heat is wasted in 

producing steel. The average specific energy consumption for steel production is 7 Gcal/ton of crude steel. 
Only 40% of this energy is used to make steel. The rest 60% is wasted. After quenching of coke in coke 
ovens, the quenched coke goes into the sinter plant that produces sinter. The temperature in the sinter plant 
is 900 degree Centigrade. The technologies for waste heat recovery for temperature less than 200 degree 
centigrade is available in the form of waste heat boilers. However, for temperatures exceeding 200 degree 
centigrade, technologies for waste heat recovery are not commercialized. 

- Every steel plant generates its own power using the captive power plant. The share of these captive power 
plants in total will not come down. 

- Furthermore, every ton of steel produced generates 1.5 tons of garbage. This garbage assumes various 
forms such as BOF-slag. Thus, ways need to be devised to reduce waste. For better disposal of this waste, 
the blast furnace productivity needs to be stepped up to international levels. 

- Cement industry is playing a proactive role in adopting various energy-conservation measures such as use 
of energy-efficient equipment and operational efficiency. All the new cement plants are equipped with 
modern technology and even the old plants are going in for modernization. Use of alternative fuels, 
production of blended cement and adoption of energy-efficient technologies are the various energy-
conservation measures in cement industry. Use of fly-ash is one option for reducing energy consumption. 
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However, availability of fly-ash is a concern. Furthermore, waste heat is being vented out in the 
atmosphere. About 40% of this heat is wasted from both pre- heater and pre-cooler in cement plants. 

- The kind of technological discontinuities that occur over a generational life-span is difficult to predict on a 
microscopic scale. Globalization would bring in competition which would drive down the energy costs. At 
present, India enjoys a comparative advantage in manufacturing because of low costs. However, given that 
India’s GDP is projected to grow at an average annual growth rate of 8% per annum, India would become 
an expensive economy and might lose its comparative advantage in manufacturing. In such a case, it 
would start importing steel. The total energy consumption in the next 20-25 years would be the same as at 
present levels. 

- If GDP of an economy is to grow at 8%, the infrastructure sector needs to grow at a rate higher than 8%. 
However, growth of this magnitude is not sustainable over a 30 year time span. Cement industry is facing 
the problem of less than adequate availability of non-coking coal. Thus, use of alternative fuels such as 
wind energy, municipal solid waste etc. should be encouraged. This would also help the cement industry in 
attaining energy-efficiency. Specific energy consumption of cement is 709 kcal/kg. and 89 kWh/kg. 

 
SESSION 3: RESIDENTIAL / COMMERCIAL 
The Session was chaired by Mr. K Ramanathan, Distinguished Fellow, TERI who mentioned that residential / 
commercial is a high energy consuming sector where energy demand is outpacing the growth of the sector 
itself. There is need to take into account not only the economic issues, but also the related social and political 
issues. It is very important to assess the different factors responsible for the growth of demand. 
 
Presentation on “Implications of Changing Lifestyles and Energy Consumption Patterns in Residential / 
Commercial Sectors” by Dr. Pradeep Kumar Dadhich, Fellow, TERI 
- If the Government is able to realize its policy of providing electricity to all, there would be tremendous 

increase in demand for electricity by 2030. 
- At the assumed 8% growth of GDP, share of population in lower income category is expected to reduce 

and that in higher income category is expected to rise. This would have consequences on lifestyles with 
greater demand for luxury items and white goods. Therefore, there would again be an increase in energy 
consumption. Moreover, there is expected to be a move away from the use of fuels like cowdung, etc. to 
fuels like LPG. 

- All these imply that the CO2 emissions will increase by 2030. 
 
Discussions 
The discussions consequent to the presentation were lead by Mr. Arvinder Sachdeva, Director (Perspective 
Planning Division), Planning Commission, Mr S C Sabharwal, Energy Economist, Bureau of Energy 
Efficiency, Mr Tanmay Tathagat, Senior Programme Manager, International Institute for Energy 
Conservation, and Mr Pradeep Kumar, Fellow, TERI. 
 
It was observed that the following aspects also need to be taken into account in order to reach more realistic 
outcomes: 

o The age profile of the population since it may have an effect on the growth rate 
o The impact of urbanization – as per the present growth rate of urbanization, an urban population of 

40% in 2021 may be considered as another scenario, as against the 40% urban population in 2035 
considered in the study. 

o The effect of people below poverty line - a separate scenario to capture variability can be tried. 
o The impact of infrastructural changes 
o Merit order of appliances according to their efficiencies 
o Efficient lighting like, Light Emitting Diode (LED) which would gain momentum in future 
o The difference in cost of energy efficient appliances – in the short term. In the long term, the difference 

in cost between conventional and efficient appliances would be negligible due to the savings achieved 
through efficiency 

o Energy consumption for running pumps that are used extensively in rural areas for potable water 
requirements 
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- The study assumes a constant growth rate of air-conditioners. However, it is expected that the 
requirements for cooling would be reduced significantly in future due to building regulations and 
energy conservation codes. This reduction in demand per sq. ft. also should be accounted for in the 
study. 

- The assumption of economy growth rate of 8% per year for the next 35 years on a sustainable basis is 
very optimistic. A lower rate may, in fact, be reconsidered. 

- The regional dimensions of India may be considered in macro parameters. To cite an example, there is 
tremendous difference in growth rates between the states of South India and states like Bihar or 
Haryana. 

- The estimations are based on data pertaining to the time period 1993-2000 which seems to be rather 
short for a study such as this. Instead, a period of 15 or 20 years would provide a better picture. 

- Energy conservation would be possible through demand reduction as well as efficiency improvement. 
 
Reaction from the Presenter 
Mr. Pradeep Kumar Dadhich informed that the estimates provided in the study were based on a conservative 
growth rate. If the growth rates of the last 5 years were considered, it would prove to be much higher than what 
has been considered for the study. 
 
SESSION 4: PRIMARY SECTOR 
The Session was chaired by Prof P S Ramakrishnan, UGC Emeritus Professor, Jawaharlal Nehru University. 
 
Presentation on “A Challenge to Indian Agriculture: Grow More and Emit Less” by Dr Sudip Mitra, 
Reasearch Associate, TERI 
The presentation was divided into two parts: 
- CO2 emissions from energy use in agriculture sector, and 
- non CO2 GHG emissions due of non-energy activity such as paddy cultivation and livestock. 
 
In view of incapability of MARKAL model to handle non-energy CO2 emission from agriculture sector, 
analysis for the same is carried out outside the integrated modeling framework.  
 
The presentation contained an overview of the Indian agriculture sector. Energy demand and associated CO2 
emissions from two main energy-consuming activities viz. water pumping and land preparation was estimated 
from the year 2000 to 2030. Results were presented for three different scenarios viz. without government 
policy scenario or past trend (NON), with government policy scenario (GOV), and optimistic scenario (REF).  
Due to more irrigation coverage in GOV scenario, the diesel requirement is found highest here. The REF 
scenario takes into account more penetration of efficient technologies and higher ratio of electric to diesel 
pumps resulting in lowest diesel consumption as well as the lowest CO2 emissions among all scenarios. 
Results for electricity consumption in the agriculture sector were also presented. Since CO2 emissions from 
electricity consumption are considered in power sector analysis, same has not been covered in the agriculture 
sector.  
 
The presentation highlighted that CH4 and N2O are the two major greenhouse gases (GHGs) released in the 
atmosphere due to non-energy activities in the agriculture sector. Using IPCC method, CH4 emission from rice 
cultivation and livestock has been estimated from year 2000 to 2030. Methane (CH4) emissions from rice 
production could decrease in the longer term due to following facts: About half of rice production is now 
grown using almost continuous water coverage which maintains anaerobic conditions in the soil which 
normally results in high methane emissions. However, water scarcity, better water pricing and labour shortages 
may result in an increasing proportion of rice being grown under controlled irrigation and better nutrient 
management, causing methane emissions to fall. Up to 90 % of the methane from rice fields is emitted through 
the rice plant. New high-yielding varieties exist which emit considerably less methane than some of the widely 
used traditional and modern cultivars, and this property could be widely exploited over the next 10-20 years. 
 
The presentation also included projections of N2O emissions from soil. Matrix of mitigation strategies for CH4 
and N2O emissions from agriculture sector were also presented. It was concluded that the emissions of CH4 
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and N2O in agriculture production systems are primarily affected by organic amendments, choice of cultivars, 
fertilizers and water management. Effective mitigation approaches have to target high-emitting systems with 
specific packages of technologies instead of applying blanket strategies uniformly to all systems. The 
challenge is to 'translate' technical options into win-win options that consider socio-economical as well as the 
environmental aspects.  
 
Discussions 
The discussions consequent to the presentation were lead by Dr D C Uprety, National Fellow and Principal 
Scientist, Indian Agricultural Research Institute and Dr Prabhat Kumar Gupta, Scientist F, National Physical 
Laboratory. 
 
The following issues emerged during the discussions: 
• In agriculture sector, new technologies are coming and new varieties of seed are being developed. Yields 

of new improved variety of seeds are more responsive to the amount of nitrogenous fertilizer applied and, 
consequently, have an impact on N2O emissions from the agriculture sector. However, there is increasing 
trend of use of organic fertilizer in India. Zero tillage technology may help in reducing GHG emissions. In 
addition to this, there are a few varieties of crops which have greater responses to elevated level of CO2 
concentration in the atmosphere and may reduce the CO2 level from the atmosphere. Some of the hybrid 
varieties of rice also emit less methane. 

• Though crop residue does not contribute much to GHG emissions, due to particulate emissions from crop 
residue it may be important to study its impact. Amongst all activities, livestock is highest contributor to 
GHG emissions from agriculture. Therefore, it is important to put more emphasis on this sector as it has 
more potential of reduction and also has larger impact. 

• Due to crop diversification, rice cultivation may decrease in future. Consequently, there would be less 
energy requirement of water pumping as well as reduced GHG emissions from both energy use and CH4 
from paddy field. Due to increase in efficient use of nitrogen application, N2O emissions will decrease. 
Timing of fertilizer application could be a GHG mitigation option. However, site-specific studies and 
active information exchange between Department of Agriculture Extension and the farming community is 
required. 

• Population of indigenous livestock will decrease in future due to their low milk yield. It would be more 
useful if livestock stock population could be considered separately for indigenous and crossbreed 
livestock.  More efficient use of energy in livestock sector and biotechnology could be potential mitigation 
options in livestock sector. 

• In case of option of use of sulphate fertilizer, data on formation of SO2 and aerosol in these types of 
fertilizer may not be available to facilitate quantitative analysis however detailed the study may be. 
Availability of adequate and reliable data in the agriculture sector might be a challenging task for such a 
modeling exercise. 

• There are three broad types of agriculture systems that exist in India. These are (i) green revolution or 
modernized agriculture, (ii) traditional agriculture mainly practiced in hilly region; and (iii) intermediate 
level particularly marginal farmers and non-irrigated farming systems. There is apprehension that 
generalization is being made in studying the Indian agriculture sector without taking into account different 
kinds of socio-ecological conditions that prevail in different parts of the country. Recently, there has been 
a trend of people’s initiative towards sustainable agriculture that is resulting change in agriculture systems. 
In India, people are becoming more appreciative towards knowledge; re-evaluation of traditional 
knowledge available in the society is playing an important role in India’s present agriculture system. There 
should be strong reservation about using the formulae derived by scientist from industrialized world where 
agriculture system has become homogeneous. 

• The issue of diversity of Indian agriculture could be addressed partially by using regional model of small 
regions of similar ecological systems. However, regional study requires detailed and in depth study in this 
sector. 

 
Remarks by the Presenter 
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- The study has already considered several issues such as cultivars choice options that take into account 
several options collectively. Moreover, it is not practically possible in modeling exercise to study 
individual cases for such broad national level long term exercise.  

 
Presentation on “Mitigation Options in the Forestry Sector” By Mr Verghese Paul, Associate Fellow, TERI 
The presentation highlighted the background of forestry sector of India along with greenhouse gas (GHG) 
emissions inventory of forestry sector estimated by other researchers. Assessment for the forestry sector was 
carried outside the MARKAL model using spreadsheet. The linkage of the GHG mitigation from forestry 
sector with sustainable development goal in the country was highlighted. Mitigation options for forestry sector 
are broadly classified into three categories (i) Options that maintain existing carbon stocks, (ii) Options that 
expand pool of carbon, and (iii) Carbon substitution. Government policies for forestry sector are focused on 
sustainable development path. Therefore, in practice, there are only B2 world scenarios that exist in the 
forestry sector of India. The projection made for carbon pool in baseline scenario from year 2000 to 2030 was 
presented. The CO2 emissions mitigation potential through biomass option in India was also under two 
different scenarios - commercial scenario and conservation scenario. 
 
Discussions 
The discussions consequent to the presentation were lead by Mr Alok Saxena, Joint Director, Forest Survey of 
India, Dr Deep N Pandey, Field Research Coordinator, Center for International Forestry Research and Dr P 
P Bhojvaid, Senior Fellow, TERI. 
 
The following issues emerged during the discussions: 
• Scrub forest area could also be included in the analysis. Mitigation potential could be estimated separately 

for trees growing within the forest cover area and outside the forest area such as wasteland. 
• There are around 6-7 different estimations made by different researchers on carbon pool and sequestration 

pool in India. A comparative analysis of these studies would present more realistic picture of the sector. It 
needs to be highlighted that there is a biomass growing area that does not fall in the core forest growing 
area. The forestry programmers must emphasize on multifunctional approach for attaining optimum 
benefits. 

• Most of the developing countries are moving towards hard-core conservative forestry. In India also the 
trend of conservative forestry is increasing. In addition, 12 million hectare area is under agro-forestry in 
India. The joint forest management (JFM) programme involving local people will have an additive 
advantage. A large quantity of forest wood gets lost due to fire in every year. Participation of local people 
can play an important role in preventing forest losses from fire. There is need to recognize the role of 
preservation and replacement of species that have more carbon lockage, etc. As far as the issue of biomass 
plantation on wasteland is concerned, the actual available area for biomass forest plantation needs to be 
assessed as several programmes may be aiming for same piece of land. 

• There is need to emphasize on the importance of the value of traditional knowledge of the community 
residing in forest area for the conservation and development of forestry sector in India. There are tangible 
and intangible benefits associated with forestry sector to local habitant. A carbon sequestration project has 
been initiated in Nagaland. There are around 1200 local villagers involved in the implementation of this 
carbon sequestration project. This was possible only due to values attached to trees by the local society. If 
various studies carried out by many researchers on forest conversion are referred to, it would be found that 
local people are never involved in forest conversion. Most of the conversion of forest land is carried out by 
outsiders and market forces. This establishes a strong case for community participation in forestry sector 
projects. 

 
 
PANEL DISCUSSION: “PRIORITIZATION OF MITIGATION OPTIONS FOR INDIA” 
The Panel Discussion at the end of the Workshop was chaired by Dr S K Sikka, Scientific Secretary, 
Government of India. The Panel consisted of Mr Surya P Sethi, Adviser (Energy & Coal), Planning 
Commission, Dr Leena Srivastava, Executive Director, TERI, Dr Y P Abbi, Senior Fellow, TERI and Dr P P 
Bhojvaid, Senior Fellow, TERI.  
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The following issues emerged out of the discussions: 
♦ India, like the rest of the world, is highly dependent on coal for meeting her energy requirements. Since 

coal-based projects emit large proportions of carbon dioxide, there has a arisen a need to consider 
alternative fuels for meeting the energy demand. 

♦ Natural gas can be a good alternative to coal for power generation since its supplies are not limited. 
However, there would always be a premium on gas as compared to coal prices due to several reasons. The 
coal reserves of the world are far greater than the oil and gas reserves and the latter will peak sometime or 
the other. The developed world will, in fact, be willing to pay for the premium for these easier resources 
because most of their infrastructure is based on these resources. For example, in the US, most of the 
expansion in power generation has been gas-based in the last 10 years. As long as there is premium on gas, 
a poor country like ours will end up using coal. 

♦ However, it must be kept in mind that there is greater efficiency in moving gas to another place after it has 
been found. There is also greater technological efficiency in converting gas from its primary form to the 
secondary form. Therefore, some portion of the premium on gas would be compensated by these issues. 

♦ Another alternative for India to cut down her contributions to emissions of GHGs is nuclear energy. 
Despite the deposit of 14 percent of world’s uranium, India processes only 0.2% of the uranium globally. 
Such a situation has resulted in nuclear fuel prices fives times higher in India as compared to the 
international market. Hence, the nuclear potential needs to be exploited on a much larger scale. 

♦ Inspite of greater availability of alternate fuels, India’s dependency on coal is not expected to go down in 
view of the huge and ever-increasing energy demand. Therefore, it is pertinent that clean coal technologies 
are developed and commercialized if GHG emissions have to be kept in check. Such technologies are 
highly capital-intensive and require a large amount of investment. Thus, there is need for strategic policy 
changes (that would make it compulsory to go in for cleaner technologies) and funding arrangements for 
adopting these. 

♦ Even though the GHG emissions per capita are much higher in developed countries as compared to a 
developing country like India, we cannot expect the former to bring down their lifestyle levels in an 
attempt to reduce the GHG emissions. Instead, we can ask them to transfer the cleaner technologies to us 
as well as to transfer the funding to help us grow more responsibility. 

♦ The MARKAL modeling exercise used in this project needs to further incorporate (i) estimates about 
future energy consumption in the rural areas, (ii) efficiency improvements in energy production and 
consumption, and (iii) infrastructural constraints. This would provide a realistic picture of the alternate 
paths that India can follow. The exercise should enable us to make appropriate choices amongst the 
various alternatives today so that we are where we want to be in 2030. 

♦ It is very important for India to know where we stand vis-à-vis the rest of the world. We need to 
participate in the global processes that are modeling energy consumption and are looking at GHG 
mitigation options. 

♦ The mitigation options for India may be prioritized as follows: 1. enhanced use of nuclear fuel, 2. 
improving energy efficiency, 3. better demand side management, 4. conservation of resources, 5. 
exploration and development of gas reserves. 

 
 
List of Participants   
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5 Dr Deep N Pandey Center for International Forestry Research (CIFOR) 
6 Dr Anil Singh Central Road Research Institute 
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8 Dr T S Reddy Central Road Research Institute 
9 Prof Puran Mongia Delhi School of Economics 
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• Brazil 

 
The Brazilian workshop under the project Assisting Developing Country Climate Negotiators through Analysis 
and Dialogue, was held on 10th and 11th April, 2006, at the Auditorium of the Ministry of Culture, in Brasília, 
Distrito Federal, Brazil. This document outlines the main issues discussed during the meeting. 
 

Participants 
 

The meeting was attended by 64 people, including representatives of the Brazilian government, NGOs, private 
sector, research institutes and international organizations. Please see attached the list of participants.  
 
Discussions 

 
Mr. Haroldo Machado Filho welcomed the participants, followed by Mr. Ned Helme, who explained the main 
objective of the project “Assisting Developing Country Climate Negotiators through Analysis and Dialogue” 
and its Brazilian component. The meeting aimed at presenting the results of the Brazilian project activities 
related to the agriculture, energy and LULUCF sectors in order to share such results with representatives of the 
Brazilian government and other national stakeholders, to promote a broader discussion and to incorporate 
contributions to the final report.  
 
The first day of the workshop focused on the energy sector and on the analyses of related sub-sectors 
(electricity; cement; iron and steel; petroleum refining; pulp and paper; transportation; commercial; and 
residential). Professor Emílio La Rovere, leader of the team from the Center for Integrated Studies on Climate 
Change and the Environment (Centro Clima) at the Institute for Research and Postgraduate Studies of 
Engineering at the Federal University of Rio de Janeiro (COPPE/UFRJ), co-ordinated the energy sector 
analyses.  
 
Firstly, Professor La Rovere presented the methodology used to consider the scenarios developed in the study. 
He informed participants that the scenarios that were developed under the project, representing different 
pictures of Brazil in the next 20 or 25 years, used the A2 and B2 narratives from the IPCC SRES scenarios. 
There are three core scenarios considered for each one of the three sectors assessed in the Brazilian 
component: reference case (policies and measures in place up to 2000), recent policy scenario (policies and 
measures in place between 2000 and 2005), and new policy scenario (up to 2025 or 2030), resulting in six 
scenarios for each sector. The IPCC storylines were translated into Brazilian reality based on a work on 
macroeconomic scenarios developed by the Institute for Applied Economic Research – IPEA, published in 
1999, and in accordance with national circumstances.   
 
Secondly, he presented an overview on the Brazilian Energy System and the main hypotheses used in the 
analysis of the energy sector under the project. Professor La Rovere presentation was followed by 
presentations on the sub-sectors electricity; services and residential; transportation (heavy duty and light duty 
vehicles); cement; iron and steel; pulp and paper; made by Amaro Pereira Junior, Jeferson Borghetti Soares, 
Willian Wills, Ana Carolina Avzaradel, André Felipe Simões and Carolina Dubeux. 
 
The debate on the energy sector focused on transportation sector; as well as on the prioritization of mitigation 
options and implementation issues. The main debaters invited to this session were Mr. José Domingos 
Gonzalez Miguez (Ministry of Science and Technology), Ms. Laura Porto (Ministry of Mines and Energy) and 
Mr. Luiz Pinguelli Rosa (Brazilian Forum on Climate Change). 
 
On transportation sector, it was recognized that the emissions from the light duty fleet in Brazil are very low 
when compared to other countries due to the use of ethanol from sugar cane in a large scale. Proalcool, a very 
successful initiative implemented by the government until the late 80’s, was responsible for massive 
investments in the ethanol production for the development of the technology of the ethanol fuel engines.  
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However, Proalcool developed the groundwork that permitted the industry to develop the flex fuel technology 
─ this flexible system works with gasohol, hydrate alcohol or any mixture of these fuels, according to the 
vehicle owner’s decision and the fuel availability and price in the oil station ─ now responsible for more than 
50% of the car sales, which is increasing fast. Since the introduction of the flex fuel engines in the market did 
not occur due to a governmental policy, the main policy option discussed was the possibility of increasing the 
ethanol production as a consequence of a wide public incentive policy. On heavy duty fleet, the discussion was 
mainly around the governmental program that intends to support the national production of biodiesel, to be 
added to diesel, and at the same time generate jobs and income in the rural area, trying to extend small farming 
in a sustainable manner.  
 
For the electric sector, the discussion focused on the recent penetration of fossil fuels within Brazil’s energy 
matrix, which goes against Brazil’s predominately renewable baseline. For instance, the expansion of the 
natural gas consumption in the country is mainly due to the recent restructuring of the electric sector to lure 
private capital for building new plants. However, the federal government is stimulating renewable energy 
through the Program of Incentive to Alternative Sources of Electric Energy (Proinfa) program which has 
distributed funding to 63 small hydroelectric power plants, 54 wind parks and 20 thermal units (for 
investments in energy through biomass).  
 
In the discussions on the energy sector, some sensitive issues were raised around the increased use of coal, not 
only in Brazil but worldwide, and nuclear power plants. Although coal-fired power plants and nuclear power 
plants are options contained in the Decennial Plan, there was a general understanding that there should be no 
incentives (public policies) for these options. Other stakeholders insisted in the need for more actions related to 
“fuel standards” and “fuel labeling”. Moreover, some participants called the attention to the need for a more 
aggressive scenario related to the industrial sector. All the comments and suggested raised by the participants 
were forwarded to COPPE’s teams that are dealing with the respective sectors mentioned so that they could 
consider such elements in the final report. 
 
The second day of the workshop focused on the agriculture sector and Land Use, Land-Use Change and 
Forestry Sector (LULUCF). 
 
In the morning session, Dr. Magda Aparecida de Lima and Luís Gustavo Barioni presented the Brazilian 
reality on the agriculture sector, the scenarios and main hypotheses for methane emissions from livestock, 
marginal abatement analysis until 2020, as well as possible mitigation measures. 

 
Dr. Lima focused the analysis on the projections for methane emissions by ruminants in Brazil, considering 
that the agriculture sector contributes the most to methane emissions (77% in 1994), where the main emission 
source is enteric fermentation, almost all of which from the cattle herd, which is the largest commercial herd in 
the world. She presented scenarios of methane emissions by enteric fermentation in beef cattle (assumption, 
scenarios definition, methodological tools, main uncertainties and marginal abatement costs). 
 
The debate on the agriculture sector was focused on the priorization of mitigation options and implementation 
issues. The debaters invited to this session were João Antônio Fagundes Salomão (Ministry of Agriculture) and 
Alexandre Barcelos (Brazilian Agricultural Research Corporation), as well as Dr. Thelma Krug. 

 
The discussions were focused on the main linkages among the agriculture and LULUCF sectors taking into 
account the national circumstances. The first issue raised was the expansion of the agriculture frontier 
(including cattle raising activities) and its impacts on deforestation. Dr. Krug re-emphasized an important point 
raised in the first country workshop: the analysis of the LULUCF sector, especially the projection of 
deforestation rates in Brazil, which are quite dependent on policies that will be implemented, for instance, the 
increase of soybean exportation and the expansion of the agriculture frontier. In this regard, as a transition 
session to the discussion on LULUCF, Dr. Krug made a presentation on the relationship between cattle density 
per square kilometer and rate of deforestation and on pasture intensification. She pointed out that the 
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intensification of pasture management in Brazilian Amazonia is not likely to result in the reductions in 
deforestation rates. 
 
The expansion of sugarcane crops in the country was also raised (data on the maximum limit of sugarcane crop 
areas will be important), since it might be important to develop an analysis on ethanol exports sensibility. It 
was agreed that sugarcane production is not a driving force of deforestation, since its production is centred in 
Southeast and Northeast of Brazil.  

 
In the afternoon session, Dr. Thelma Krug presented the Brazilian reality on the Land Use Change and 
Forestry Sector. Dr. Krug made a very comprehensive presentation, including an overview of forest sector in 
Brazil (Atlantic Forest and Amazon region), sector analysis and results, deforestation patterns, scenarios for 
Amazonia, policy analysis and mitigation options. 

 
The debate on Land Use Change and Forestry Sector was focused on the priorization of mitigation options and 
implementation issues. The main debaters invited to this session were Mr. Adriano Oliveira (Ministry of 
Environment), Mr. Raphael Azeredo (Division of Environment of the Ministry of Foreign Affairs) and Paulo 
Moutinho (General Coordinator of the Amazônia Environmental Research Institute). 

 
The debate on policy analysis involved a discussion on several measures to combat deforestation: valorization 
of the forest for conservation and sustainable use; recovery of degraded lands so as to increase productivity 
and decrease the pressure upon the remaining forest; territorial zoning, giving priority to the combat of land 
speculation in public land; creation of conservation units and homologation of the indigenous land; 
improvement of the monitoring, licensing and control instruments; incentives to activities aiming at the 
sustainable use of the forest resources and/or intensive use of agriculture land; de-centralized and shared 
management of public policies between the Federal Power, states and municipalities; active participation of 
different sectors of the society in the management of the policies related to the prevention and control of 
deforestation. It was highlighted that the Permanent Interministerial Working Group for the Reduction of the 
Rate of Deforestation in the Legal Amazonia should take into consideration all these measures. 
 
The most controversial point of the debate was the creation of incentives for forest preservation, which poses a 
set of questions that have yet to be addressed, as the establishment of a credible baseline, permanence (forests 
stay up as long as there is money flow) and leakage (risk that the protection of a forest area may simply 
displace deforestation elsewhere), as well as fiscalization and control instruments. Moreover, it was 
highlighted that any carbon compensation scheme could possibly be viable in preserving areas which are of 
special interest and value, but not as an attractive option to large scale preservation projects, taking into 
account that an enormous sum of money would be needed to finance a system like this.  

 
Next Steps and Timeline 
 
The project participants will take into consideration the comments raised during the workshop in their final 
sector report. 
 
List of participation   
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8. Carolina Dubeux – Center for Integrated Studies on Climate Change and the Environment (Centro Clima) 
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of São Paulo (IDESAM-AM/CEPEA/ESALQ/USP) 

43. Marina F. G. A. Grossi – Brazilian Business Council for Sustainable Development (CEBDS) 
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(ESALQ/USP) 
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Appendix V: Potential Phase II Policy Options 
 
In Phase II, CCAP and its in-county partners will select a number of the most promising options for GHG 
mitigation and conduct an in-depth and comprehensive analysis of issues associated with implementation.  
The specific options will be selected and analyzed in consultation with government officials and other 
stakeholders.  The goal will be the development of a detailed policy blueprint for implementation of each 
option. 
 
The likely areas, options and policies that will be considered for Phase II are presented below for China 
and Brazil.  Options for India are under development. 
 
China 
Potential mitigation options and policies to be analyzed for Phase II may include: 
 
Electricity 

• Energy efficiency improvement  
o energy intensity targets set by the central government and local governments or set by 

specific industrial regulator;  
o capacity building efforts to increase public awareness of the advantages of energy 

efficiency improvements;  
o fuel pricing or fuel taxes to promote energy conservation, etc. 

• Integrated gasification combined cycle (IGCC) plants 
o subsidies or tax breaks for research and development of CCS technology 
o technology transfer from and/or technology cooperation with developed countries 

• Renewable energy utilization 
o expanded RES goal or mandate with an increase in either the total renewable share or 

specific share requirements for particular plant types;  
o direct incentives such as a production tax credit, price and capital investment subsidies, 

and tax breaks for new units;  
o fuel taxes. 

 
Iron and Steel 

• Energy management systems in iron and steel 
o government-run voluntary assistance program, in which energy officials would work with 

interested plant managers to provide information and training to encourage development 
of such systems. 

• Installation of advanced production technologies 
o direct incentives for new capital investments, also for research and development of new 

technologies. 
o CDM 
o technology transfer from and/or technology cooperation with developed countries 

 
Transportation 

• Vehicle efficiency improvements 
o fuel pricing and fuel taxes 
o financial incentives or tax breaks 
o stricter emissions standards for criteria pollutants 
o government-run voluntary assistance program (VAP) to provide information and training 

to production companies, maintenance companies or individuals 



 

Center for Clean Air Policy page 176 
 

o direct subsidy (SUB) from government on investment, R&D 
o technology transfer from and/or technology cooperation with developed countries 

• Bus rapid transit (BRT) 
o public sector financing and/or support from international financial institutions 
o urban planning 

 
India 
The policy analysis for Phase II of the India project will likely focus on opportunities in the electricity, 
industrial and transportation sections.  The potential preliminary policy options identified for 
consideration include: 
 
Electricity 

• Integrated gasification combined cycle (IGCC) based on imported coal with carbon capture 
and sequestration (CCS) 
o Domestic pilot programs to study and test these technologies and their applicability in 

India 
o International assistance programs to exchange knowledge, build capacity and fund and 

transfer IGCC and CCS-related technologies 
• Expanded demand-side management and energy efficiency programs in end-use sectors 

 
Cement 

• Expansion of ongoing industry-efforts in plant modernization and process improvements 
o Government energy-related partnerships with industry and knowledge sharing programs  
o CDM 

• Blended cements 
o CDM 

 
Iron and Steel 

• Introduction of advanced production technologies 
o Cooperative agreements between government and industry  
o Subsidies and financial incentives for research and development.  This could include 

broadening the scope of the Steel Development Fund: Consolidated Fund of India, which 
currently funds options such as improving blast furnace productivity and automation of 
production processes.  

o International financial assistance and technology transfer 
 
Transportation 

• Biodiesel 
o Government-funded domestic research for development of biofuels and related vehicle 

programs 
o International financial and technical assistance 
o CDM 

 
Brazil 
Based on the results of Phase I and on the discussions and interest expressed at the national workshop 
held in Brasília, April 2006, two main sectors  were identified as the most relevant to be explored in 
Phase II: Land-Use Change and Forestry, and Transportation. The choice of the first one is justified, since 
this sector is responsible for most of greenhouse gas emissions in Brazil. The choice of the second one, 
transportation, is due to the fact that this sub-sector represents the major comparative advantage of Brazil 
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relative to other countries, taking into account the ethanol program and the perspective of the increased 
use of biodiesel as a vehicle fuel. 
 
Land-Use Change and Forestry 

• Identification of positive incentives which would support and provide the enabling conditions 
(including the provision of new and additional financial resources and transfer of technology) for 
actions put forward at national level that could reduce emissions from deforestation in its 
territories and to promote  local  sustainable development in a manner appropriate to its national 
circumstances. 

• Introduction of economic incentives and other economic measures in the Amazon region: to 
include incentives to re-locate cattle ranchers outside the Amazon to other regions of Brazil; taxes 
on soybean and cattle production in Amazon with rebates to ranchers and others who settle 
outside;  

• Identification of concerns on deforestation in other areas beyond the Amazon region: to include 
consideration on Cerrado (Brazilian savannah) and potential difficulties in other regions;  

• Alternative practices related to cattle raising: to include intensification of cattle raising, to include 
evaluation of its potential for encouraging additional cattle expansion and deforestation;  

• Increased use of renewable energy: to include renewable energy development through 
reforestation and biodiesel production; and renewable biomass to replace fossil fuel combustion 
in electricity generation and industry; 

• Programs addressing land-use change options: to include alternative land tenure systems; and 
agroforestry programs. 

 
Based on this analysis, an evaluation will be undertaken on the likely financial incentives that would be 
required to address deforestation through these options by comparing the costs of alternatives to the BAU 
situation.  These data will then be combined aiming at designing and developing a comprehensive, macro-
level plan to address deforestation in Brazil. This plan will, therefore, include a package or packages of 
the most promising mitigation measures, estimate the aggregate costs and the funding that would be 
required, and explore how existing or new financial mechanisms might provide the potential funding as 
well as what Brazil could potentially do through unilateral actions.  The plan will also address the science 
of reducing deforestation, including the potential reduction in global carbon emissions.  
 
The analysis will also include the following: 
 

• Detailed comparative economic analysis of cattle raising/beef production and soybean 
production, and the economics and cost differences of raising cattle in the Amazon vs. in other 
regions of Brazil;  

• Evaluation of how requirements for utilizing land to establish tenure drives deforestation, the 
relevant legal and political framework, and development of policy options to implement 
alternatives;  

• Exploration of the causes of the fall in the deforestation rate in 2004-05;  
• Explanation of failures of policies to control deforestation in the state of Mato Grosso;  
• Identification, analysis, and assessment of the relative importance and interactive effects of the 

key drivers of deforestation (GDP, population, world trade patterns and prices, etc.); 
• More in-depth integration of analysis of agriculture sector trends conducted in Phase I. 

 
Transportation 

• Introduction of efficiency standards for new light vehicles, to include analysis of: 
o car production scenarios for domestic markets and exports 
o baseline assumptions of autonomous efficiency gains 
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o penetration of vehicles driven by new technologies 
o design of scenarios based upon different standards enforcement.  

• Increased use of ethanol as a fuel, to include analysis of:  
o ethanol and sugar demand scenarios for domestic markets and exports  
o productivity gains of sugarcane production and of ethanol transformation 
o new technologies of ethanol production from bagasse hydrolysis 
o supply scenarios on a regional basis 

• Biodiesel program for use as vehicle fuel, to include analysis of:  
o demand scenarios for domestic markets and exports;  
o productivity gains of vegetable oils production and transformation in biodiesel  
o new technologies of biodiesel production from ethylic trans-etherification; and supply 

scenarios for specific feedstocks (palm oil, soybeans, jathropa, and others) on a regional 
basis 

• Substitution of vegetable oils and biodiesel for diesel oil for off-grid power generation, to include 
analysis of: 

o demand scenarios according to rural electrification targets and competition with other 
options 

o productivity gains of vegetable oil production and transformation in biodiesel 
o new technologies of biodiesel production from ethylic trans-etherification 
o supply scenarios for specific feedstock (palm oil, soybeans, castor bean, and others) on a 

regional basis 
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Appendix VI: Areas for Future Research 
 
Potential Areas for Future Research in China 
In this project, a detailed analysis of each sector was conducted given such considerations as data 
availability, applicability of individual mitigation options to specific national and local circumstances in 
China, and other issues.  In the course of the analysis a number of sectors, mitigation options and areas 
were thus identified but not fully analyzed.  Some of these areas could potentially yield promising 
opportunities for achieving additional mitigation opportunities, opportunities that could be assessed with 
further research.  The key potential areas identified in the first phase of the project that might be 
considered for future research are detailed below. 
 
• Oil refining: This sector was not analyzed because the available baseline data is for chemicals and oil 

refining combined; separate data for the refining sector in China is not currently available. 
• Electricity: Transmission costs were not included in this analysis, because under the scope of the 

project the methodology used links costs with specific mitigation options, but not with electricity 
transmission and distribution.  Cogeneration was not analyzed as a mitigation option because the 
share in the current electricity generation profile is very low, and its potential is projected to remain 
limited under different possible scenarios. 

• Agriculture, residential, commercial: These sectors were not analyzed for the following reasons: 1) 
their respective shares in the national GHG emissions inventory are comparatively low and the 
mitigation potential is limited; 2) potential technical mitigation options in these sectors that would be 
appropriate in the Chinese context are currently quite uncertain; and 3) there is a lack of readily 
available and reliable data and research in these sectors.  Further research to collect appropriate data 
and evaluate mitigation options in these sectors could therefore be useful in analyzing their potentials.  

• Forestry: This sector was not analyzed because the potential for afforestation and reforestation is 
minimal.  According to China’s Annual Environmental Conditions Report, deforestation has been 
quite minimal in the country in recent years.  Illegal logging and activities likely to lead to 
deforestation were also prohibited under the Forest Law passed in 1998. 

• Energy intensity target: China’s national energy intensity target under the Eleventh Five Year Plan 
was not included in the analysis of any of the sectors.  To date there has been no specific 
implementation plan created to achieve the target, so the future development path is unclear.  Recent 
media reports have also begun to doubt the feasibility and practicality of realizing the target before 
2010. 

• A2 and B2 scenarios: For this project it was originally intended that all emission scenarios would be 
analyzed under two different baseline conditions based on the IPCC SRES scenarios, with one (B2) 
being more environmentally benign that the other (A2).  Based on expert in-country judgment on 
likely future trends, however, it was decided that in China these two scenarios would in fact be very 
similar, so a separate analysis of the A2 and B2 scenarios was not conducted. 

 
 
Potential Areas for Future Research in Brazil 
In this project, a detailed analysis of each sector was conducted given such considerations as data 
availability, applicability of individual mitigation options to specific national and local circumstances in 
Brazil, and other issues.  In the course of the analysis a number of sectors, mitigation options and areas 
were thus identified but not fully analyzed.  Some of these areas could potentially yield promising 
opportunities for achieving additional GHG emission mitigation opportunities, opportunities that could be 
assessed with further research.  The key potential areas identified in the first phase of the project that 
might be considered for future research are detailed below. 
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• Oil refining: This report includes a detailed overview of the current state and capacity of Brazil’s 
refining sector, but an analysis of energy consumption and emissions was not conducted.  Information 
on this sector is treated as confidential by the oil company Petrobras, and so reliable data is not 
readily available.  Obtaining more detailed information on this sector would help to better understand 
the opportunities for achieving GHG reductions. 

• Electricity: Coal-fired power was not considered as a significant future baseline power source due to 
the high ash content of Brazilian coal, and the expense and uncertainty associated with imported 
coal.  Nuclear power was not considered as a potential mitigation option due to ongoing concerns in 
Brazil regarding safety and waste disposal. 

• Iron and steel: The marginal abatement costs for the mitigation options evaluated in this sector were 
not estimated due to a lack of readily available and reliable data. 

• Pulp and paper: The marginal abatement costs for the mitigation options evaluated in this sector 
were not estimated due to a lack of readily available and reliable data. 

• Transportation: Improvements in specific vehicle technologies and bus rapid transit (BRT) were not 
considered as potential mitigation options in this analysis.  However, technologies such as hybrid and 
natural gas-powered vehicles for bus fleets may be appropriate to consider for Brazil, and BRT may 
be a potential option in Rio de Janeiro and Sao Paolo. 

• Agriculture: The marginal abatement cost for manure biodigesters was not estimated, in part due to a 
lack of readily available and reliable data.  Significant efforts are also being undertaken through CDM 
for these technologies, so an in-depth analysis wasn’t conducted as it was envisioned that many of the 
promising opportunities would be captured by the CDM.  Further research on smaller-scale 
applications or applications to combine manure from several locations could yield greater insight on 
the expansion of this technology. 

• Forestry: Marginal abatement costs were not estimated for the mitigation and policy options 
discussed.  Costs of mitigation activities in the Brazil forestry sector will however be explored and 
estimated in the next phase of the project. 

 
 
Potential Areas for Future Research in India 
Potentially promising areas of future research for Inida are being developed and may be explored as part 
of the Phase II. 
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